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2. EBRAX

2. 1 HABRRER
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2. 3 BIREER

20mmx10mmx1lmm DO 7NV I =V L 72 ERBRA OEmEICESE L%, mmic
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1000mm/min & L7-.

2. 4 [EREHER
ZREBA 5 10mm X 10mm X4mm OEMFRBA 2PV HL, EREOFTE2HT
7~ DI S EORIERBREIN 0.005mm LRI/ D LOE L. EHERBRIIEBERRKT

I CRABRERE 1, 10, 100mm/min @ 3 &£ TITV, FREBRA OBBRAORSHEIZRIZT O
THEERTFHELZRAE L.
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(1) Satoshi KOBAYASHI, Mitsugu TODO, "Experimental Characterization of Mechanical
Properties of Bioabsorbable Plastics after Hydrolysis", Proceedings of the International
Conference on Advanced Technology in Experimental Mechanics 2007 (CD-ROM), ID P-02
(2) Satoshi KOBAYASHI, Mitsugu TODO, "The Effect of Hydrolysis on the Mechanical
Properties of Injection-Molded Poly(L-lactic acid)", Journal of Solid Mechanics and Materials

Engineering, Vol. 1 (2007), No. 12, in press
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Fig.1 The effect of strain rate on the mechanical properties of monolithic PLLA.
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Fig.2 The effect of strain rate on the mechanical properties of B-TCP/PLLA composites.
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Fig. 2 3DCAD model for the overdenture

Table 1 Material properties

Parts Material Young’ s Poisson’ s
. modulus ratio
[MPa]

Mandibular model | resin 7000 0.3
Gum silicone 3 0.47
Implant x 4 titanium 110000 0.34
ERA x2 polyurethane 100 0.4
CM-bar / Clip gold arroy 100000 0.3
Denture base resin 3000 0.35
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Fig.3 Load point on the overdentures
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Table 1 Material properties

Material Young’s modulus(GPa) Poisson’s ratio

BmE 13.7 0.3
R E 1.37 0.3
A FFh 106 0.3
77 VIVEE 3.14 0.23
FH 106 0.3
ANILth 68.9 0.28
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Load 100N

Fig. 2 Boundary conditions for FEA(ll-on-4)

(a) acrylic plastic xJ\v

Fig. 4 Equivalent strain distribution
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WEDORBIRTH S, /7, ERES L AFEGOREERCRERET  EERE LEOBELEL,
B EDERZRDONFEL I 2L —Ya b EEELR-TETEY, EXLHENE
ATWNES,

AEMEELS T, £ETESBHIZBW T Iab—ya VERTE2EBEL THEZED BN
TWVWAE—ROMEFICREFTVVWEEE, AERTEOKRA RSB TOYIalb—valo0
JoR L R, BB, SEROBRFNBRERSICOVWTIHRE WP\, BRIZ, FEES
BRI W= A T, RLTNCEF LY T8 WhEREF LI VIR
B L ETFET. ’

2. Jaysh

HRf: 6 H2H (&) 13:00~17:35
6 H3A8 (H) 9:20~12:35

28 WNKREBFH ST

6 A28 ()
10: 30 BAsDF 12 EX (FHHKF)

tyvarvl BE:FKRE B (GUNXP)

13:10 TX#RCTEBIIESL b F THE OBEEKRARERARNT]
INEREEZ, Bk CGREILEKRT)
R EXER (K

13:35 TBOMBABEEZERL-EEEETT Y 7))
FEEIER, B% & (JtEEXRE)

14: 00 [RZEAEFNAICE D AKTELERARNT |
SHIRE, EE K (REBXF)
AN (BAKE)
iz, BEREZ (BAEESERKE)

14 : 25 [RITHRENEA >0 7 —ZHOELE (NFFEMEF /LTHUMS & DEEER) |
IWETER (FIFTF 7= TF 4Ry AN () )

14 : 50 (K&
yvarv2 EBE:HERE GEEXP)
15: 05 [HHEMEEENFTTLVOBELFHRI I aL— 3 )
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EAR £ (BATEKE)

& A (b IaFTI7=2INT4RayTFA b (KR) )
15:30 [BIESRE OEMEE L I 2L — 3 )

BEER, MBEZETE, A K, RHEE, Bl uNKXE)
15:55 [ARERETFNMIIAIMENEAROLEEE OFEE)

B Z GUNTEKE)
16 : 20 (K7

KAl yva vy IIRIERERBSETFMMICBITSEY I a2 b—y a VET)
Bk : ERK # (EATEKRE)

16 : 35 MTFa s/ a—FTIal—a )|
7 EEX (EHKXE)

16 : 50  [FEAIC K 2 ATRxBEEI R 7 DMEAEE T L OIS TIRIT
T GE&KX)

17 : 05  [RCRERBIIFMIZ OV T)
TEANT (EZEXEMRSEEFRR)

17 : 20 ¥AEF &

6H2H ()
tyvar3d EBER FK#E B WX

9:20 IBEHOETY FEvIalb—vay)
FHERFE CE#KE)
9:45 T[TRERFHHEFICR 2R ERE A TEIHE BT J1 2T
A TERR, MEAHE—BR. ML, REKXE, BEH+H/N, BEHBE (&RXP)
10:10 (EFYETFVVIOHESASM T A= 2 ATKRBEH AT LHIREE ~D R
ZERIE CEHKEF)
10:35 (8@ I alb—32a il X B3 RBESER OS]
HPE— (BAHBKF)
11:00 k&
tyvarvd KRB EBE GEHKXP)

11:15 FeRGRE ESHBRHFR LN AT A =T R
HBIHFER (EBXP)
11:45 [ ATHBASICREET ARV ET Y IV Ial—Ta v
B fak (EBxEXESRSEEFERH)
2 EE RHKFE)
15:50 [ ATHxRAEICREE U7z S1#R056 R & FEA D)
WiE B (Wilk®)
PIZER (EBEKXF)

12:30 FASoBE : HiE B (CuX®)

3. MROM=E

(1) TX#CTEMRICEI<E FTFTRAOBEIIABEXEMRIT) /EEHEE
BHEONFOREE 2 IIEERERECHENEIZIL - TREBT A Z L NFRE L 2NITEED

DU - BRI OFEBRPBRMLETE S, 20D, AENERERETFNLOERFEICHET
HHEPERIITOA TS, AFEEIX, BHR2EZIZEE LVWERY A XTETY 7
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THOFERZMAELL., TRICKVARBERET AV ZIZIZIEHNCERT D Z EBTREL 2o
To. BRBEETIE, BEOBRIISCTERY A X2H#T5ET ) 7 FEZEL TThbh
EEBRIIETIMEN RSN,

(2) TRORAWELZERL-WEMEET )T WHRIESE

Bone tissue is often regarded as a composite material composed of HAp like mineral
particles and collagen fiber in a microscopic scale. As the HAp is crystalline structure,
an X-ray diffraction method is useful to measure the lattice strain of HAp crystals.
The X-ray diffraction method has the possibility to measure the stress of bone tissue
nondestructively. In order to estimate the stress from the lattice strain of HAp crystal,
it is necessary to understand the relationship between the lattice strain of HAp and
the macroscopic deformation of bone tissue. In this study, a modeling method is proposed
to simulate the anisotropic properties of bone composed of HAp and collagen matrix.
The relationship between the strain of HAp phase and macroscopic strain of bone tissue
was evaluated by using the FE analysis of bone composite model.

(3) TRIELETNIZEDAGARERAET SHIRE

EROBERMMEMFE L L TRER LA ZT AN LN TWAHICIX I ENEE & £ O Rty
BICEVHESNIFTMEETHSE. LL, SITEETERELLEL L T EMEEDL %
ZRELZHICE T TR+ TH IR D D, £ 2 TILETHE O R MEE & 3 &
EEZHHE0EFTMEELREL VAN, RIET—ZBITE A ERW-DFHERES L
TEHINTWAHIIRARZ T oW, £EEHOWERS L OEEES OEZEPEENICE
WTEDXEIREEBRDINIZTOVWTERELEZREFIIV W, 22T, AR THEEED
PR LZERET AV EAWT, ETHEHHOHFRM 2EEEEH 2 BH LEENINEICIONT,
I FNICAEVIEERR S REMSEEE L TR Z IO W T ORFZITo 2 & 2l
T35,

(4) THTERBHEA /RO 2 —FEHOER) LLUNTKEK

BATH OB L FMT 2 REE LT, A o7 2 —HBRB3HSB. 72701, &
BAINZHEHA LRI X BOELAEREZHEBALTCELT, BRORELEBETH DI
E, NORHELERRKREIWVWIEREBERINTEY, FHME/BFROZYMEIZ OV TIXEETRH
RERE., KBOBEMIX, ABEEEOFHVEEZX LN D AKFEET /LTHIMSZ AV, H
WA 7 F—RRTOFEMOZYUMEEAZASNCTHZ L TS, T722bb, F—OFEEHT
FNERAWT, THIMSE OEEHERB IV, £ o7 ¥ —RREEE U-FEMGE 2 T 5.
HHEDODHEOEEDHR LT, MEHKMOEBEELRRFTHE LELIBROMITAB LW,
RAETIEFRMWELLEL, WA o2 ¥ L3 BEOEMBELHALMNITS.

(5) THEMBMENEETILORELEN S aAL—-av] EXK &
BEARFERIIEANICHZENERFENRTHS. HRATIX CT BECLI > THEADEKRD
FRBPBMEBTEB L IICRY, ThETRAENLRER S I 21— a v 27528 T, F
WMEXBETIZENHFINS. (T F—F2xnIBANOFHRS I 2L — a3 U EITIN,
TOREERIEFHEB IO OEEOEBENZEETT VOBEIZ OV TRHNE2ITo 7. T
FEM V7 F ANSYS 2 K o7z, B2V ER (HAVIIEEESRE) L L, BEKEZIIVERD
BUVNIERFBITRER L L.

(6) THERFOEREHSaL—Lary) HEREX

EREREEORA (EHE - EHEEE) OFF, X OHEREICRIT 2HEMR - ik
M _E I BT SRR O R B OMA L, REERSE - RERCKEAREL - &5
MONFHREOEMPLETHD. AFETIE, ARAEERL Y I2L—va il kdH
BHIFEZ 1T 7.
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(7)) TARERETNICLISIMEARBROELEDOFR) LEH R
RENRRCBHHREE D NIPEE I FF7E 3 5 I % P9 BT MR 13 . i o i B B2 D T AT K THMER >
b AFRIRIB E T, MR CHIREROFEESLCERTRALLEBELS. MENET
DRIFDEERLHITEREKICRITHAENBOFLEIALLICS TR LT, KHICED
WEETFNMEPEETHD. £ I THRIFRTIE, & MRE, EE,OLRI5MIBETNVEE
Ry 5.

(8) lMFavEa—4>3al—vav) iR T

BE, NLIRBRi260 LT30S 77 > PO FHREHRTIFICERMFEICK
STEHENTEY, ISORASIMTHLEMRA V7T MaidR e LEEERICK 325G 2 E
AL LTHBERZINTNS., AREFET 2SI arta—F v Ialb—vay
EEATHIE, MBI e 0SMER HBRIHECT <, IRMEE OIS 534 M ERICER
TEDETTRL, BWIROHEHFER POZFRHEFOREBEE LI DHRLIIBKTEZZ L
NTED. VIalb—varvBA V77 NOERBHEOHER EREFNMIZENTH LR
BEAEIZLT, ARV I alb—Y 3 BT H1EEHS (Task Force 2) &I oz, £
EWEL LTI, avba—% - Ialb—a OEEERIA NTA4 L OBFRORE,
V7 N OIRNTREEE B {REET 5 7= D Dbench mark testiEDRE, T ETF NV OMBITEE LR
T A-OOHBETN2EORE, EFVONEEROBIEY A ACHRERORHLRE
IZOWTOREI R ETHS.

(9) TFEAIZKAAIRMGMRTLREETNOGHREN HHERFE

ALIBEE A7 L O - FHEICARERMBITZAAT 20X, o7 7Y r—a T
b, BB ESTYH, EFTAOHEHR - ERXRVBRAZSTHRBROBBBONDI ZLHNEETH
5. AW TIX, FEA ZFMEEEL L CTHERT I ED, FHY 7 hU =T OEN, Ayva
{LOEENR I 2L —a VBRIIEZIREBLZRAE LK.

(10) TRERERMBNM<OLV\T] BRI

BAFZBHE L, ERBBEORBORENL, EKEEEEOHBLICET 2 FEMER OB,
ERRZITO -0, BREEEE LARTRANES2REB L, MEBEL2ERT 2 5 08 : A
DIAATIEESHRHER ST (REEATOR) , FE/5~va VERSH (Fiiadh v b)),
BAEERSE (OHY— ) , ARNEBEDALRERESRSE (EEBEME LTI N)
YRY —LEDFT YV RY =V AT L5EH FHAAF DDS & ATEEEERE) (2o T, A&
RRREZIE L. AEETIE, 2 EMOEPHFOFEEBRIICOVTRERTS. RIERER
B ERMEAREXEL, BEEROERBBOEELL, LELTIHIERERICENL
ERME TR CEIRBEOBHELMLERARTHS.

(1) TEMBOETFY U FEYIaL—Yayv) HERTE

ERIE®RH D 3IKTTFEA EF NV EHBET 3 FiE, TR BEETRWVE T VB DORFE,
AHARERICLZETNVBEORS LEHBRMBITOBR L ERE L OB, ERELT AY
PR I 22— a VERCRIETEER LICOWTOHEEN R ENT-.

(12) TRERABEICHTIRERBRBEAIRABRITO HERIT) IREZED

In this study, finite—element models of femoral head replacement with the resurfacing
implantation were created based on a clinical CT images, and stress analyses were
carried out considering inhomogeneous property of bone. Furthermore, influence of
stress distribution around the femoral head with arrangement of the resurfacing
implantation was investigated by changing implant setting angle to femoral axis.

(13) TRVEFIVITOHMRNAAF ANV REATBAMR T LBREHA~DRBI
RERAB

NIRRT LB EORBTELIRRIT, BINRAFZRERLY T ) 7L E

HEOWMETERERCBERL TS, 207D, HEMESHEICENTZ AT LDOREZ1T
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D7=HITIE, RO NFEFTMICE S AT ABIROBRAVBAREARE 2D, AFETILIF L
AT LAOREIRBITBIEHDO—FLE —>0H# L LR AV ERESZELA V- 3KRTY
BOTRENR I 2Lb—2 s VFEEZHAWVWT, ATKRBEES X7 AOBKRESRLS.

(14) TR SaAL—2avIck3XKBRAESOKHEM] BrhiE—

KEEEBEE T M X DERE OBBIISHRET, Bi5 28T 7 VI X 5B OBRIS SIART,
PNTFRT 4 —FRERBAETNICLZBITHOERB S I 2 b—ra VEOIIEREIC
ONWTORENRZ2ENT-.

(15) TERMBERE/NAIFTAH=I X)) BiEX

BEAREOMNS» O, NLHESBRIFOH, BOVEFTY IR 77 N BOMH
BERCET SBKRE, ATKRESOELLHR, Yoo FALHEf, YIab—va
Y ~OHFFEMBER 2 IOV ToORER s hi.

(16) TATHBANICEAAY ZRYEFYLTo3alb—vav) B #k

ATREBEIC BT 5 [ 5 4] 2 (B8] REd, ATIEBIM L A5F & ONENTES,
MALERLRE R EICREAT DI OMREOEICE > THEOBRPEER Y ETY v
TULIEEDIZELDEEZONS. TNOLORBELBET Z7-DIZiIATKBESED O
SATRIEE D = &L S EETH BB, EFRNOIENHRIEE RRT S Z L IRFTRTHS.
FIC, BHEVIa2b—va rBEWNRFELLD. AMETIE, BREZELZX—RLL
T, BUET YL /BB U MIES S 2aL— s VIS L, ATRBESHOEIEICH
FH5EYETY L IBGE L ATRBHONFENNT A —5 OBRETT.

a7 TAIRBESBICREL/-HENMEEE FEADOSA) Wk N

ATLRXBESICBE T AR LEELZMED S b, HRNEROMVMEZRE L TR
gL L. WA, BLF, subsidence HEDOMEZEY Lif, CADF—# ZH /= 3D EF LD
BEL, 3DFEADIGH, MBI ZRIZE S AN =X LDBRLR EIZOVWTOBRENRDH - T-.

4. HEhE

A RERT, CHANERRFTXFAMEES L LTUIPD TDONRL A A D=7 BT S
Iialb—va VERICERERSTEMIRELSTH S, AETZOHNFICBWTEERTIE
BENTWAHAELBBEL, MENSERBBETL SHEOERERNRTONE. £72, &
AIEERE & LT, ALKRBESERTE B A — DB RZEEZDERAR ORMEREE, &
EHEHEOEFRSEB VMR EFEIBFELVWESLERLELEERNEFO LBRILELA %
BRELC BERTHEEZERTAIZ LN TE . BNEITHEELSODRE, Rk &
ELVWNS3ADOBMELRDY, FREELLERLBRZEMLUTHEW:.., AHEESD,
ZONBFORBICERE LB ZREZLEZ EEZEFE LU TEER.
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HBERNREEETOMBICK SMan< by v o RERERICET TR

AMKFERFEEIFHRRE BT KR

1. #HREAM

BB R OBEN - N EHRREY, REMRNELETIREA< ) vy 7 ZREMDOERSTHETaFA+ S Y b
ENBaZ—F U X VR EN DR ECHET D, BIELUREEGOEREL LTEHEEIN3BAREOD LS
OB, AREHREONFEELHERTIZLTHD. 201, +ohBELA T REAGOBELBREL,
BB ERR G ERNT IHENBAIITDRA TV,

FERFRIY, KBEHRICKSAEMOEAZRETHIZ LITLY, RFHEEBEOBRROENE AR ESTE - LERER
TWa., I-MIRERICAVIZRTHEE (AF v R—NVFK) ORED, BAHBROBRIZKEIHETIZ LEHES
DTV FFRTIE, TR PN ERAXyHR—NV FE LEBARBETVICEROESARTZNE, HEagED
REBIUEMOEAICRITTHERTMUE. -, THo—RBEALE2B-LI0LY, ¥ vyh—A FHEICLS
FBIZOVWTHRELE.

2. ERAE
2.1 BERAEREXUERIEX

iR REARORE A DEROAEIC L > THE L - REHRE 7 Vo —2 S VICBRE L, BAREEFNVELT
A, AFx xR —NVFE LTRAWET Ha—X 501X, Sigma Type VII agarose 1wt%, Sigma Type IX-A agarose 3wt%33
VW% D 3BETHH. RBRAOBRITER4mmX & 225mmOARKE L. R LABARKEEFVIIEFLER
Yz ANVFH—TL—bNTHEELE. 2TORBRAI, 37COC0M v FaX—FNT—HBEBEEE L%, &
FiRE, v bo—LH, BEEREO3IOISELE.

AT, 2MATISREBVOR T A F—EMICHY T iRk =— A BIOEF L AV, BHI1HzZIZ T15%BEhE
MOTAHZAEEMSRAICIBRBEX . BFRTHIL, EF2REEFAOLLEICEMEEEE, OTRESE L2V
RIECHERZMGE L. ETFOEMIZ L 2EBLFMT 5D, a2 ho—ABITEF NV EEICBIOFEF 2 g R
BT L7, 1S3 (DMEM+20%FBS) 132-3H IZ1BEASHA L 7=,

2-2 Hh¥HR

¥£#1,8,15, 22 A HICBAEREETNONZNFEMEIT o1z, BEEo— F - v L2H 22 hERBRBA B, 20%/min
DOEEIZTINDEREOT L%, AREERBRAO#MBBIICEX . BN —O0FTHBHRIZT, BESELATETSH
ST OTH5S%~10%XB OB E LV, ERBEMER (Tangent modulus) R 7=,

2-3 JYyays/sJ)h(GAGER

ImiDF A=A b« 3277 (2.8 uM EDTA, 9 mM cysteine hydrochloride in PBS) IZ&RERF 2 BiE L, 70CT—8f
BIMBLIET 5 & CHBRELKE. 0%, BIKIZ/ 331 » (Papain from Carica Papaya, Fluka) #3U& 7 H 5 —¥(B
-Agarase,Wako)% 10UI 2., 37TCT—RBRfRIR L7z, BH6G0CTME L 7%, DMB (Dimethylmethylene Blue) Assay@iZ & »
TudF TV I DERS THHFHBILT ) 23 )7V b GAG) BREZRIE L.

3. KRR

HI3AFRBRICE > THELNEBARETET A OERBEERL T, BMIIERAKERLTVS. ERIBROR
HROBVNL, THo—RBRELZATICEETS. Type IXT o — R DOBEE R 4%DH3XMERT B 2 iz kv, I
DOEHERIIBAD LIz, —F, Type VIIT Ha—R ¥ iiType IX 7Hu—2 N L W AWENRE <, Type VII lwthF A0t
Type IX3wt%F A LV LEWEMERER L. Type X7 A n—2X0ARHE, BLXUType VIIT Hu—RDLBIZHBWT,
BEISAE TICEREEROARRZEANBOORE. i, Type K7 H o —XDOEEISEE, BXUType VIIZ A
—ZADOER2E BITBWT, ARROBERHEERE Y o —AROBERBRER L EBULERICELS 2ok, Type X7
Ar—RLHEL, Type VII7 Hu— X CidigICHE ) BRBEROLABLVEECHY, ILEHICAELE.

E4-6I FEKFET VICAEENAGACRETT. BT ERAERICHTE S aT A7) B DOEEE GAGK) ZRL TV
5. Type IX7'H 0 — ADGAGEIIDayl5FE T LA L TWVWAA, Type VIIT H o — 2 DGAGERIIDayl1A>HDay8iz it CALH
L, #20%DLERIIbTHThol. £/, Type X7 VO — R CITARBOASHERNR A Fu—LBELERLEERIC
WL 2o DT L, Type VIITHu—RTRIATHE Y ba—AROBICAGEEROENRD LR o k.

4. ER
WPENOT Ha—RA 5220 ThH, ANHOBMERIIa L b —ABB L UORBEISEN L LB LEVVEESR L.
—75, GAG SHEIL, TypeVII 7 Hu—ROAFHLa L o —ABOBICERR LR Lo bDD, FRLMIAR
HOGCEREMIO ZHLIABLES ko, ZOZ L XY, HBiZType XTHO—R % AF¥FE—1N F& LEBE,
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AHMEGANPREMRICL D a TS U o OEE L A v R— FR~OEHLREL . hEMStErm Ly
mlEZLND. T, BARBETNVOEBRBEMEL CACEFRIZHALHRBEBENIRD DN b, A¥ v &
—V FRICERE I N GAC B, ERERIECHTIBAERFTETNVORBBHIEKESBEELTVWELELLNS.

AHFETIE, ERANMEEI AL Lo THERBEFALOAFRIRENA LT 52 L NREEBENE. FOA D=
ZLBUTOZOREZ LGRS, —20F, FHNERSESARNOBREHIBEREL, AV /) P XF 2 va  BlE
NMUTEMOEEMREINLLEZLNS. b)Y —0i, BHNEGESVNODEREZEEL, MRoR#E2Mm L
¥ EBILRS.

BARKBETNVCAVD AR v R~V FRBEERE GACSERIZKECEETAIZ L PEREIN:. fLL B L, Type
VIIIwt%Z VTR GACE R B E BERBEMIC LA L. LA L, Type VII Iwt%7 H o —REF LD GAG & HEIX, Days
UBIC ER Liehotz, ZOBEBHE LT, RBRAND GAC S FOHBEROEINRELILNS. THo—RBEXERL
T EEVAAAOMILERIHEMLTEY, TR IV FLAB I UEERE L Y VEOMEREEERELLEZ E
BFREND. ZOBRELEENT GACHFOFSNVHNEEEE L, FERIBCBI27VAZTREIZEEEZRIEILED
DEBbnb. Type VII IwthFMZBWT, AL a2 P a— LA BOGACESERYL, HEIEEBL O ESHEDH
WCEBEVSHEREINT:. TNREFRBRBRAOLEEIZETSZLICE D, AL LEERMODEGENEREZT T L
B—EEEZLOLND. SHRITEE SN GAC T FDEFANNDRHEZHRT B0, HEBERFOGAC *EETHTET
H5.

5. £&DH
KRR T, REHR-T Vo —X X VOBELEREETNVCEANNEGAEN L5 X, HENBEORE L Bast~< 1Y
v I AEMEECRIZTREERIT L. TR, HENABIIENELAZREXTIEERATTCHY, ity
UV vERERVBEREETVOEBHIRICKRES ESTHILERRELRL. £, AFyR—A RCAWET e —2
DEALTEREREZDIEIED, AF¥HR—N FHELREMERROEE L HhFRBEEREL REFET I EBD
ot

3% 3Tk
(1) TR, L, &I, AL, ML, 2005FEFERKIFEREVLS, (2005), 211-212
(2) Farndale R.W., Buttler D.J. and Barrett A.J., Biochimica et Biophysica Acta 883 (1986) 173-177.
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KEEBHLD 7 D DB EER LS W E kDR RE
BEBRFTFHEIETLHH FHE-. AT & Al R

1. ELHIC

[-M-VI, BA N340 T4 ML LEEITEEBBR O FEELED, BEREMSETX
ERRIRER & b0, BEHIEIEIZ CuAlS, 0 3.5 eV A5 CulnTe, D 0.8 eV & EWVEERE B /\— LT
5V, Fl, Anasg T4 MEULAYLEEIIKBER L LTOREREL. FTH. Cu(InGa)Se,
BREMEEE N — R L L KBER T, 19.5%DERBRBE LN TS 2, —F, Ag-TI-VLIEH NV
AR T A PEREEOP T H  AgInSe, ITEEFIHAE 1. 2 eV 28 b | JUR ARSI 2 #0843 C 10° om™
BELES, KBEMORREL LTS TS, BEDL Z 5, AglnSe, & AgGaSe, DIEGZHTH S
Ag(InGa) Se, KEFEMDEBRNEN 7.3 % L W OMERH B Y, AglnSe, DIERRIEICIL, HETIX, MBE
EIRT Ty v aEE Y, PR L—F Rk OREABES TV S, TRETIL, Baid,
TRZEAEFEIZL D AglnSe, BEOHELIToTERL P, LAL, "AIBRTET YV v Pwrik s ®
R VGF ¥ 1% WIZ XA ERESRESN TS DD, N7 ERICET A2 BERITP R, 2T
FRTIE, By PV RIEIZLY AgInSe, AV RRORERBER{Toz, Ay 7L REIMER, &
R CRBARLR DS WRE T, EEA2MEL LW X OFIANSH D, T E TIZ, AgéaSe,. AgInS,. CulnS,
PV REERER Yy N VABETER L, RER VI EGBBLNTNS 1219,

AR TIZ, REIRE 400 T 5 700 C L E{L S ¥ AgnSe, SV R EER L, KBEMIERD -
D DERMMEDFTHEEIT > 72, RBOFHE LT, XEH (XRD) 12k » THRFEMRL BRI A %R
O, BFFu—T7<A 7 asnlt EPMA) LY EBDITZ1Tol, 7. HEREIOEELRDE, &
—NVRE, =7 un—To Ly, EEA EBHE, XV TRE. BEBELITHMEL. BBRAE L
D BEHIHEL RED o 7

2. EBRFE

AR TIE, BIRZITRIBIO Ag,Se (99.99 %), InSe; (99.99 %) Z AWV T, (LEEFRAVHRKIC
RHBXIICERELE, ZhEFREELTHY b 7L REEZEVT AglnSe, S 7 G EER Lz, BERE
20 mm DH—R L F A A& TREIRE 400 ‘CH 5 700 °C, [FEJ 25 MPa, FXEMRH 1 B#RI T AglnSe,
NNV REREER LTz, ERR L7z AginSe, S 7RIV —RUAETAETNTWAEED., HEEE L%
IZXRD I, LLERE., ZRAE, m—LREICL Y FTMEIT-o 7=

3. ERFREBIUVEER
3.1 Mk

FRRIREE 400 TH2H 700 °C, FES 25 MPa, FREFFR] 1 BRI T AglnSe,
NNV EREER Lz, fERUEREHEL, I—Ro F 1 2DBRIZLY
ERE20 mm, EEM2 mm OPFHTH D, Fig. 11X, ERLERBZ X
EHFEL7-H D TH D, FREIRE 400, 500 °C ORE TIT. RE1AHEL .
HRBR N>, RENEIIMERER OBRIC TE B/ S REHM

Fig. 1 Sample photographs.
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PR TBRTE HREORE STHETE 2, RRIEE 600, 700 CLEMBIZARDICONTREITED
PIZIRY | ERBR OGN, £, RENBOTILIIRMBTEIBR TE RV DVWHhsL 2o,

3.2 X #BREH
Fig. 212 XRD A7 b &5RT, 25 L LT ICDD H— FdD AgInSe,'”, Ag,Se'®. In,Se,'”. AginSe,'®
LRI RS, il L2 RARHI T RTEERTH o2, REIRE 400 °CTiX AglnSe, D £ — 7 23/h & <

BB SN, MRZTRMEITHD AgSe D(112). (121) & peTvr SRR v,
DE—7 R InSe; D(006) D' — 7 RBE Iz, Fi, .

AglngSe, D (112), (202), (QDEDOE—7 bBB SN, Tt g 832 160D Agtase,
FHEOE—7 SEE SN Bl & LT Ag,Se DRLAIZ880 C. F i : ::
InSe, DRRH 890 CTTHD Z L b 9 KREUSRFRINEE i L -
Lic B2 bND, e AglnSe, PRBRENLEAL LT, In G b oo
DR 156. 61 °C. Se DA 220.2 CTROTO, ~ 7% g e oo

B SRR L. AglnSe, B TE % & D b 41T AglngSes WTX 72 & IL%mL -
ZXbND, REBEMIMNTS L, TR0 E— 2 g
BB L. AglnSe, D (112) HDO ' — ZBENBM LT, ¥yEK— g 35 L o0 0n51

ERPBIO E— 7 AR RIRE 600CTRESNA Y, £z 0 20 4 6 30 100 120
. Diffraction Angle 20 [deg.]

AgIngSes M (112), (202), (204) WD E'— 7 IIKEIRE 650 °C

THREIN2L 2V, ICDD @ AglnSe, DE—27 & —FK LT, Fig. 2 XRD spectra.

ICDD & — K X V. AgInSe, DT EHKIT a6.104 A, c=11.714 A TH B ¥, KEBE 400~550 CT
BonifEL ICDD DEL LB LT, EHDNRTOERRLNEZ, THiX XRD OFR LY. Za%E
DE—7 R AginSe; DEFIBOY— 7 BABEINIZZ LMD, AglnSe, RO FRICERBMAHFEEL TV
BT EIZEY, BFBPRELRoLEBEZOND, BRIEE 600~700 ‘CTICDD 4 — FD a i, c @D
fBEIZESW iz, XRD DFER LY, BEOBAIZLY ICDD DEIESW-EEXbRS, R arg
Z A MRS Z R CulnSe, DI FEE c/a bt c/a22 TH B D, AglnSe, D c/a tiF c/a 725 7 LS
shay HORIL P LV HEIN TS, SEHER LT X TOREITc/a@ &0, IR E—FK L 7=, XRD
DOFERL Y, ICDD DE—2 L —B LI-KEIRE 650, 700 CO c/atbit1.91 &0, KETY v V=
HCTHYERR &z AginSe, & A CIE %1572 2,

P2 7—DOREERANWTHREY A X%RD-, SEOHETIIRELEEDMR(112) FE A=, XRD
AR MVEY | REEESEMT A LN T, 12 EDE—7 O¥EBIES RoTNDH T &
NH, RIRITERLTWAZ ERNSNnD, REIRE 400 CTORIERY A XX, &/MD 65nm T, KEIR
B 650 CTHRAD 88 nm LW IRRIZAE -T2, ThL, BeR5ICB T 2B LB BT, MR
FORBEEZNSL T L, BLUOBEHBELZETZ LIIFE2RET S L THEITADTHDLDT,
AERTHRERENEMT HIZLER- T, BBV A APERLELEELZONE 2,

3.3 B¥ S u—7<A 27 uft (EPMA)

FRIRIRE OWEMIZ L7235 T, Ag. In. Se DML HLITLZBIRAVMERLIZE S\ e, BRRIREE 400 C
75 600 CTTAg & In OFIEA [AglK[In] TH oz, XRD DFRER LY, ZD & X DORKRIRE T AglngSe,
D7 BBEINTZ, [Agl<[In]d & ZiZ OVC (Ordered Vacancy Compounds) BAERINSLTVEE
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2 bivd, REIRE 700 CTRLILFERVMEROMEIE S -, Z D & & Ag-poor, In-poor, Se-rich
Thole, RMaE LTIk, Ag Z55L(V,). InZEFL(V,). #&T Se(Se;). Ag ¥ hdD Se(Sey). In VA
FD Se(Se,) IREBEZXONDH, F—FFa—THE, F—AREOCRERLY . ReHI n HomER
ERLEZEDND, FF—HRIMED Se, R Se, N7 7/ Z—RML DV LBV EEZBNB,

3.4 HLEEE

XHRIZ X D L. AglnSe, DEEEIL 5. 792 g/em® TH B 9, HREIRE 400 CTH 5 600 ‘CTIICHE L v
INSTREZRTR LT, BIRZITTRMBID Ag,Se, InSe; DE—7 | X521 AglngSe, D E°— 7 RBR I iz
ZEDh, HRERNCERBOEENREZ NS, REIEE 650 CTOEEIL5.48 g/cn® TH Y, AglnSe,
DOXERMEL Y /hZ2fBEZR LT, LU, ZORED XRD A7 ML TIREEBBEIN o7, F
BRIZA Yy P L REEZHWT Ag,Se & InSe, DI 7 #EREER LTI-E 2 A, Ag,Se 48 8. 1 g/cm®, In,Se,
7235.5 g/em* THHDOT, LEREDORERIY, BHOFENLEZX BN D, KREIRE 700 CTOEE
% 5.80 g/em® Th o7z, ZHIEICIME L ISIER CETH o7, Fig. 2 ® XRD A7 MDD HREO
v— 7 BEEINRIo DT, REIRE 700 °CT AglnSe, DEANELN-LEZLND,

3.5 Hw—NVHIE

Fig. 3 XA—NVRIEIZBT 2BEBREOERELTT, RERAICA—I v 7 EBEL LT In EFIHET
B LTz, 2 TORETAH— I v 7 HERE LN, BIRIIREIRE ORI U722 - THIMER %
RUTZ, ZHE XRD ORER LY, BREIBRE 400° C TD XRD A7 pMLTHER TR EOE—7 2R
O E— 7 BHOFEID XRD AR MR TELLBEEINTZZ L2 b, BEPOREPEREHED
NRRERY RBENLEEZOND, RRIBEEFICLUIER-T, BENSEAD L & TERENHY
MmLize&EZBN5, XRD, EPMA, HLERIE X Y. AgInSe, DEFEAHER S WI-REIRE 700 CTHEHKR
Fi10.16 Qcm Thol, KERTHONMHEIX, HEHIFIL VOF I THERR S 7z AglnSe, 7V 2 i 10
AL TERR S N7z AglnSe, IR ” LAV MEZ B/, LA LE U AglnSe, #AECH MBE ik TER I iz
AgInSe, R & th~, RE{EBRL -7, Thid, MBE HBIXEBEEZE T CHIEER LT ) OB D
B DABBBDH THR2L, BREOLOBEFELND Z &b, MBE (5 TIER &7z AglnSe, HREITIEH
BRRKEVWEEZBND P,

Fig. 4iC¥ v V7 RELBBEOREL T, ¥+ ) TREIRREBEERMC Uiz > TROER
ALl FYUTREPBDLEZFERE LT, BE&PORMBICE>TAEL KL FH—MRMBRBD LI L

1

10

AginSe, Hotpress 25MPa 1h 'E AglnSe, Hotpress 25MPsa 1h
- RT. ;‘i R.T.

° = ’ —~
cgz 10°} £ [«
— ® . -

) [ Q
g s’} O ! 100
e o @ 1" 2
= 3 ° g ® [} =
Z 107 g 2
S - e S
< ® @ o ”
3 0
-]
e T T T T ) Gl .y
400 450 500 550 600 650 700
Growth Temperature [°C] Growth Temperature [C]
Fig.3 Resistivity of AglnSe, Fig. 4 Carrier concentration and electron mobility
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BZonD, £, BEEIIHIMEREZ R L, BBEMEMLZERE LT, RERESLERETAIZ
LEB> TREEBRS QoI EBRRRELEX OB, ERBOL * LR, REIBET00 CTD
¥ U 7 REILT. 6X10%n, BEIEIITI cn®/VsTh oo, ZHHDMEIZ. VGFHETIERR S 7-AgnSe,
SOV RERO LIEVMETH o e, REETIER EN7-AgInSe, BIE T, ¥+ V 7EEIX2. 5X 10" cm™,
BEEIII8 e’/ Vs L BESN TS, RERTHELNIEICHA, v U 7TERENEL ., BEENE
Vo ZHUL, 2V T EEERDF A AT TOHBOERE & BEOEIR~DHFBBRSRRDE D EEZI LN
5, £le. R—NVBIEDORER, F—NVREIIETORBMTADEELR LD T, REBRTER LERE
BRETRTH e, Y—FEFa—THHOBRTH, ETORBTHROEER AR L, FF—#HR
M T 7872 —MRMBEY bELHFEL TS OnROEERERLEEEZ L BNSD, AglnSe,i
THRIC W ICLDE, P—F 7T TnRIEZR L L WS BERH BN, AL TERL
TeRBHI BV TH RO R B/ D,

3.6 HBEAE ©® Fgeens sgtose, "

Fig. 512, XRD DFER LY AglnSe, DEIENE 5.0 Loo'c 250 10 ]
BNRERIRE 700 ° CITBITA., Eihr =3k '-'-E- o E_R.T. ]
X REHE (ah)? L UTEBIBBE R LY £ |
F7EFT, JORENLERTORMBIEL 5 [ :
1.204 eV %87, XMEHBELT, AT RERD %‘ 20 ]
XHRTIZ 1.216 VP, 1.225 eV | WEEOIMT ~ |
i 1.21 eV, 1.25 eV LHE S TWS, KE Ho ]
BRCBLNEIICIRE L I, BFEMEL R 008 e - =
2Tz, ZHEF v U TRESCMRILOEEIZE Y | Photon Energy [eV]
BHEEMEVMEL 2ol BEX BB, Fig. 5 Relationship between Av and (ahv)2

4. ¥L&®

MR TR EAgSe, InSe;Z VT, Ry FFLRIEIZL Y, AglnSe, N7 fERDIER 2 RD T,
J£725 MPa, RLERIREEIRFRI T, ARRIRAE400 TH 5700 CLELEHT,

XBREHFOFR LY, 2TORBTEHERTH -7z, BREIRE400 CTIE, AglnSe, D™ — 27 3H$h
CBREINTD, MR ZFTHBO v — 7 RAgInSe,d &' — 7 BAEFICBE S hiz, REREHM L
Do T, MRZERMEIOE—2 13600 CTH X, AglnSe,d t'— 713650 CTIH R =, ARIBE650,
700 ‘CTICDDA — R DAgInSe, D —7 & —F L7z, HFEKIT. REIRE400~550 CTHHD N5
EHRR NN, RRIBE600~700 CTICDDY — KDa #li, ¢ BIDOMEITES =, BBV A RIIRE
BEBEMZ L7 >THERL, RERET00°C T80 nmdi g bhi-,

BEF 7 u—T <A 7anfiOBRLD . REBERMIZLEZN->T, Ag. In, SeDMIILFER
FREIMRILIE S & BERIRET0 COL &, B HiES\W\We, 20L&, bPAAgpoor, In—poor,
Se-richThoTe, A—NEE, P—FFa—THORBRLY ., nBlIORERMERLIZZ END, Se,
RSe, D FF—HERMa1BEZ Hh 3,

HERAEOER LY., REIBE400~650 ‘CTIXICDDI — FOE L Y /N EWlEL 72 57-, 650 CD
XRDARZ MLV TIIEMABABEINR o0, HEREORKR LY. BHOFEENEZOND, KE
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{REE700 CD L % ICDDAH — FOMEIZH BTV 5. 80 g/em’ 72 XIREIT O R 250 BEIREET00 C
TAgInSe, DEIENH/ LT,

FA—NVBRIEORKRLY ., REBESEMILUEZA-T, ERRITEM,. v ) 7TERETRY. BB
BIMER %2 7R Ui, XBREITT R X7 bV X O RRREBMIC Lz - T, BRERBRD LTWBZ Ehb,
REGHHA L, RREB RS Ro72Z LBREBEZX SN D, XRD ORER L Y BENE LN KRIBE 700 °C
DL E, EHET0.16 Qem, ¥4V TREIX7.6X10" cu®, BENEIT 73 end/Vs BT,

FERRBEOFRER LY . XRD OREREH S BANE LNZRERE 700 CORBHZB T 2 8HEEL R
B ol ER. BAIHEIX 1. 204 eV 2157,
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Seakeeping Estimations of Fast Ships

with Transom Stern

by Muniyandy Elangovan®, Student member
Hiroyuki Saito™*, Member

Hidetsugu Iwashita™, Member
Akio Ito**, Member

Summary

An estimation method of the seakeeping of fast ships with transom stern is proposed and validated through the
comparison with experimental results. The method is based on the potential theory and the Rankine panel method
is emploied as a numerical computation method. A transom stern is carefully observed in the experiments and it is
confirmed that the transom stern is completely dry even in free motion in waves. A condition corresponding to the
observation is derived and imposed as the boundary condition at the free-surface just behind the stern.

Numerical results are compared with experiments from the aspects of hydrodynamic forces, ship motions and
unsteady waves around the ship. Through the comparisons, the adequacy of the transom stern condition proposed in
the present study and also the significant influence of the sinkage and trim in the seakeeping estimations are confirmed.

1.Introduction

In the design of fast ships, the the estimation of the sea-
keeping qualities is important and must be evaluated from
the early stage of the design. This is because the encounter
frequency relatively increases due to the high forward-
speed and this leads to the large acceleration induced by
the ship motions and large wave pressures acting on the
hull. Additionally, the nonlinear phanomena such as im-
pact pressure caused by the slamming, bow wave break-
ing et al. become remarkable compared with conventional
ships. The forward speed effect becomes also remarkable
and negligible that is an effect from the steady wave field
to the unsteady wave field and can be captured even within
the framework of the linear and/or quasi-linear seakeeping
theories.

Notwithstanding such unconventional properties of fast
ships, the strip theory has been broadly applied to their
seakeeping estimations from the practical point of view.
Recently, application of the three dimensional methods
to the fast ships has been also proceeding. The major
three dimensional method among them is a frequency-
domain Rankine panel method (RPM) based on the poten-
tial theory??4®  The time-domain RPM®"®910)11)
that makes the nonlinear calculation possible is also at-
tempted, but not yet major from the aspect of the com-
putational cost. Most of the fast ships have the transom

*

Graduate School of Engineering, Hiroshima University
** THI Corporation

RSP PR 20E3H 8 H

stern and the wave field around the stern is also nonlinear
in a sense. When we apply the potential theory to this
problem, we therefore need to introduce some appropriate
flow model to force the potential flow to be practical flow.
The treatment can be recognized as a Kutta condition in
the wing theory. This kind of modeling is not related in
detail in the most of the literatures and also have not been
validated sufficeiently.

In this paper, we carried out two experiments for mea-
suring hydrodynamic forces and for measuring ship mo-
tions. The unsteady wave fields are also measured in the
former experiment on behalf of the pressure measurement
on the hull surface. In two experiments, we observe the
flow around the transom stern and a corresponding con-
dition is derived as a transom stern condition. Consecu-
tively we carry out numerical calculations and the results
are compared with experiments to validate the proposed
condition and numerical method.

2.Formulation

2.1 Boundary conditions

We consider a
ship advancing at
constant forward
speed U in oblique
regular waves en-
countered at an-
gle x, Fig.1. The

twet

ship motion ;e
G =1~ 6
around its equilibrium position and the wave amplitude

Fig. 1 Coordinate system
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A of the incident wave are assumed to be small. wo
is the circular frequency and K the wave number of
the incident wave. The encounter circular frequency is
we(= wo — KU cos x). The linear theory is employed for
this problem assuming ideal (potential) flow.

The velocity potential ¥ governed by Laplace’s equation
can be expressed as

\I/(z, Y, 25 t) = U[@(.’E, Y, z) + ‘p(:’:’ Y, Z)] + §R{¢($s Y, Z)Ciwet]
(1)
where

6
8= 220+ 61) i 364 o
i=1

¢ _,LeKz iK(z cos x+¥ sin x)

® means the double-body flow, ¢ the steady wave field and
¢ the unsteady wave field. Assuming small disturbance
due to the ship, we can linearize the free-surface conditions
for p and ¢ in several forms. In this paper we adopted the
following free-surface conditions derived by Yasukawa *
and corresponding body boundary conditions. For ¢ it
becomes

-~V .V(Vd. V<I>)+—V<I> V(V® - Vy)
2Ko
6tp

V(V@ V) Vo +8 =0 onz=0 (3)

6
5%:0 on Sy 4)

and for ¢;
—K.¢; +2i7VE - V¢; + —I-V‘b -V(V® - Vo)

+§ITV(V<I> V®)-V¢; + a¢, =0 onz=0 (5)

%%’anj+%-mj (=1~6)
o7 _ 0o on Sy 6)
an = dn

where

("17”27"3)=na (mlymZ,mfi):_(n’V)Vv

(ng,ns,m6) =r xn, (mg,ms,me) =—(n-V)(rxV),

r = (z,9,2), V = V&, Ky = g/U? K. = w?/g and
7 = Uwe/g. m; in eq.(6) derived by Timman & New-
man *? is an influence term from the steady flow to the
unsteady flow on the body surface. Eq.(3) coincides with
the Dawson'’s free-surface condition in the steady problem
%) and eq.(5) is its corresponding form in the unsteady
problem.

If we put ® = —z, p/8n = n, and V = V]-z + ¢},
the formulation (3) ~ (6) leads to the Neumann-Kelvin
formulation.

2.2 Hydrodynamic forces and wave elevations
The steady wave elevation and pressure are evaluated

by

S _1_V6. .96 290.Ty
apry — - Ve Ve-2ve. Ty

Ps — Po _[

=1-VP.-V®-2VP .-V
T7/2) vl

on Sy (8)

Integrating the pressure over the wetted surface (z < 0),
we obtain steady forces and moment as

_//SH(ps_po)njds (G=135 (9

= R[¢e***] and un-
‘] are calculated by

The unsteady wave elevation (;

we

steady pressure R[pe

g=—§(z‘we+UV‘—V_)¢ on z=0 (10)
p=—p(iwe + UV - V)¢

U? o
—p= 2 &(B; VNV V) onSu  (11)
i=1
e (1=1,2,3)

h =
where 5, {ej—3><1‘ (G =4,5,6)

e;(j = 1,2,3) are the unit vector in z, y, z axes.
Substituting the radiation potential in eq. (2) into eq.

(11), the added mass and damping coefficients acting in

i-th direction due to the motion in j-th direction are given

by
o ]

o / (B, - 9)(V - V)mdS (12)

==V V)¢, n: dS

The wave exciting forces acting in j-th direction is simi-
larly obtained by substituting the difraction term in eq.
(2) into eq. (11). Putting v = Uwo/g, it becomes

E; T 1

2.3 Transom stern conditions

For the steady problem that treats the steady trans-
lation of ship in calm water, the modeling of the tran-
som stern flow has been already proposed. Refering the
Bertram'®) for instance, the dry transom stern condition
is derived as follows. Approximating the basic flow by
® =2 —z, the steady wave elevation {, at the stern should
be equal to the depth 27 of the transom stern. Therefore

we obtain the relation from eq.(7) in the form

(o= 5[l V(@ + ) - V(@ + )
%211(, M= (-1+¢z)]=2r (14)

Then we easily get
V1 —2Kozr at P=

where (z7,yr, 2r) shows the coordinate of the transom

P = 1- (fET,yT,O) (15)

stern.

For the unsteady problem, we carried out experiments
first. Through the ovservation of the transom stern part in
the experiments, we confirmed the following phenomena:

0 420



1) In the measurement of ship motions, the total waves
that consists of steady wave, incident wave, diffrac-
tion wave and radiation waves due to surge, heave
and pitch motions are smoothly separating away
from the dry transom stern.

2) In the measurement of the wave forces in which the
ship motion is restricted, the total waves that con-
sists of steady wave, incident wave and diffraction
wave are also smoothly separating away from the
dry transom stern.

3) In the measurement of the added mass and damping
coefficients in which the forced motions (only heave
and pitch) are enforced to the model in the calm
water, the total waves that consists of steady wave
and heave/pitch radiation wave are also smoothly
separating away from the dry transom stern.

For the diffraction problem denoted in phenomenon 2),
the corresponding formulation can be ontained as follows.
The total unsteady waves that consists of incident wave
and diffraction wave are calculated by

(=—l(iwe+UV-—V5)g(¢o+¢7) onz=0 (16)
g wo

and this must be zero at the transom stern. Then we
obtain the condition

i i
(1 - -I?O—T-V- V)¢7= —(1 - E;V : V)¢0
=-Z¢ atP=(or,yr,0) (17)

For the radiation problem denoted in phenomenon 3),
substituting ¢ = iw.£;¢; into (10) and expressing the ra-
diation wave due to mode j by (;j, we get the radiation
wave as

(W yv),
G=—"G(1- gV Ve (9)

and this must be equal to z-coordinate of the unsteady
displacement at the transom stern due to each mode of
the forced motion. The unsteady displacement Rjce*?]
at arbitraly position on the hull is expressed by

a = (& + 28—yée)i + (&2 + z€6 — 264) 7
+(és + y€s — z&5)k = (s, 0y, 0:) (19)

Considering only z cmponent at transom stern and ex-

pressing ]
. =Y oy (20)
P=(zr,y7.0) in
where
o3 =&, as=yrls, os=-—zré

a; =0 (for j #3,4,5)

the corresponding condition to phenomenon 3) can be ob-
tained by putting {; = a;. This condition can be arranged

in the form:
0 (5 #3,4,5)
i o 1/K. G=23)
(1 B KoTV ' V) ¢ = yr/Ke (j=4) @0
—zr/K. (§j=5)

If the conditions (17) and (21) are satisfied at the tran-
som stern, then the phenomenon 1) can be automatically
explained. Therfore these conditions give us at least one
of the solutions althogh the solution can not be unique.
Other solutions may exist that satisfy eq. (19) without de-
composing @, into each mode when we consider the free
ship motions in waves corresponding to phenomenon 1).

3.Numerical method

The RPM applied in this study is a panel shift method
developed by Jensen '* and Ando '® for the steady prob-
lem and extended to the unsteady problem by Bertram ).
The radiation condition is satisfied by shifting the collo-
cation point one panel upward on the free surface. The
method has been applied to many ships and its estimation
accuracy has been confirmed up to now'”’ 1819},

The steady and unsteady potentials, ¢ and ¢;, are both
expressed by the source distributions on the body surface
SH and the free surface S¢ as follows:

w(P) 1 _ _ 0,(@Q)
¢;(P) } - /‘LH+SF {UJ(Q) } G(P,Q)dS (22)

where P = (z,y, z) and @ = (z',y', z’) show the field point
and the source point respectively, and G(P, Q) is defined
as

G(P,Q) =1/4nr, r=PQ

The body surface and the free-surface are discretized
into the finite number of constant panels, and numerical
solutions for steady and unsteady problems are obtained
such that a corresponding set of the free-surface condition
and the body boundary condition are satisfied at colloca-
tion points. The collocation points on Sy coincides with
the geometric center of each panel and those on Sr are
shifted one panel upward in order to force the radiation
condition numerically. This numerical radiation condition
is valid only for 7 > 0.5 in the unsteady problem where
the waves do not propagate to the forward direction of the
ship'®.

When we impose the transom stern condition derived
in the former section, both the free surface condition and
the transom stern condition are imposed at collocation
points just behind the transom stern®”. Fig.2 shows the
conceptual illustration of the method based on the pahel
shift technique. The panels just behind the transom stern
are not necessary when the transom stern condition is not
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Fig. 2 Panel shift method for the transom stern
problem

imposed. Then only the free surface condition is imposed
on all the collocation points. When the source surface is
shifted in the vertical direction as illustrated in Fig.2, the
method is called 'desingularized panel method’ and used
for solving the fully nonlinear free-surface problem. In the
present study, we need not to adopt this vertical shift since
our problem is not nonlinear.

4.Experiments

Two experiments were carried out using the towing tank in
RIAM, Kyushu University. One experiment is the motion
measurement test to measure the ship motions and added
resistance in regular head waves. Another one is the forced
oscillation test to measure the added mass & damping
coefficients and wave exciting forces & moment. The setup
of the model and equipments is illustrated in Fig.3, and
the perspective view and the principal dimensions of the
model are shown in Fig.4 and Table 1 respectively. Values
in the parenthesis indicate those of the forced motion test.
The hull form is confidencial at this moment and we can
not denote the details.

Motion measurement test Y M.

£ i) Fylf)

141 UNmI

I

— i

Genter of rotation g

e

)

Forced oscillation test u. L R

Fath o, Xe | F3ia;
Fpif \Fsm
L7
X .}-—L (4 M;_‘{'n [
|

Center of rotation p

{r
i
i

ks

5 Am

Fig. 3 Setup of the model and equipments

Table 1 Principal dimensions of the model

Lpp (m) | 2500 || 2zc (m) | 0.043 (0.020)
B/d | 3.000 | GML (m) | 8.584 (8.607)
25 (m) |-0.024 || wy,/L | 0.186 (0.192)

The unsteady wave fields are also measured in the forced
oscillation test. They are measured by using the Ohkusu’s
method®” along a longitudinal line of y/(B/2) = 1.52
from the center line.

Fig. 4 Perspective view of the model with com-
putation grids

Fig.5 shows a snapshot of the transom stern in the mo-
tion measurement test. It is confirmed that the transom
stern is completely dry even when the model is freely os-
cillating in waves. It should be noted that the same phe-
nomenon was also observed in the forced oscillation test.

Fig. 5 A snapshot of the transom stern in the
motion measurment test

5.Results and discussions

Fig.6 shows the ccomputation grids used in the present
calculations. From symmetry, the computation domain
can be reduced to the half (y > 0). Hull surface is dis-
cretized into 1480 panels and the free surface, which con-
sists of two regions, is 3888 panels for the main region and
297 panels for the additional region behind the stern.

Fig. 6 Computation grids (Ny = 1480(74 x 20),
Np = 3888(162 x 24), Nr4 = 297(99 x 3))

The region of the free surface is determined so that the
disturbed waves by the ship are not truncated in the trans-
verse direction and are captured sufficiently in the longi-
tudinal direction.
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5.1 Steady wave field

Fig.7 shows the comparison of the steady wave pattern
between experiment and calculation. In both cases the
ship motion is restricted in the equilibrium position so that
the sinkage and trim are fixed to be zero. The steep diverg-
ing wave that is generated around ord. 7 is observed in the
experimental wave pattern, but not seen in the computa-
tional result. This may be originated in the negrection of
the nonlinearity in the present calculation. Nevertheless,
the fundamental wave pattern is well predicted including
the stern wave.

Fig.8 shows the measured resistance, sinkage and trim
in the motion free test. This will be refered later when we
calculate seakeeping taking the influence of the sinkage
and trim into account.

Fig. 7 Steady Kelvin wave pattern at F,, = 0.5

F1 (kgf) &3 (m)
O experiment | °

4 b? {rad)

oxpwiment | ! [ e

05 4
9 001 001 ¢
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Fig. 8 Measured steady resistance, sinkage and
trim

5.2 Added mass and damping coefficients

Figs.9 and 10 are added mass and damping coefficients
due to forced heave and pitch motions respectively. The
strip method and the RPM are compared with experi-
ments. The strip method seems to predict pure terms
well compared with experiments. However the coupling
terms that show the interactive hydrodynamic effect be-
tween heave and pitch motions are not predicted so well.
It will be suggested that the strip method fundamentally
based on the two dimensional calculation is not sufficient
to capture the forward speed effect and three dimensional
effect for the fast ships where these effects become remark-
able.

On the other hand, the RPM can predict even the cou-
pling terms. Especially the RPM with transom stern con-
dition presented in this study improves the estimation re-

markably. The bold line shows the result of the RPM with
transom stern condition considering the effect of the sink-
age and trim. In the calculation, measured sinkage and
trim shown in Fig.8 is used and the ship hull surface is
rediscretized taking them into account. It must be noted
that the bold line is just a reference to show the effect
due to the sinkage and trim and not to be compared with
experiments and other numerical results. This is because
the experiments are carried out by enforcing the heave
and pitch motions to the model around its equilibrium
position without taking their effects into account. The
comparison of the bold line with the thin-solid line has a
meaning to see a significant effect of the sinkage and trim
in the seakeeping estimations.

5.3 Wave exciting forces and moment

Fig.11 shows the wave exciting forces and moment at
F, = 0.5 and x = 180degs.
differences among estimation methods. Only small ad-

We can not see notable

vantage is confirmed in the calculation of the RPM with
transom stern condition. Fast ships are generally slender
as a model employed in this study. Therefore the scatter-
ing of the incident wave by the hull may not so significant
and the Froude-Krylov force may be dominant. This is
why even the strip method presents good estimations.

5.4 Ship motions

Result of ship motions at F, = 0.5 and x = 180degs
is shown in Fig.12. The strip method underpredicts the
experimental ship motions in wide range of A/L and the
resonance point of heave motion is not predicted at all. It
is known that the estimation accuracy of coupling terms
of the added mass and damping coefficients affects signif-
icantly the estimation of the resonance point*?’. Then we
can conclude that the inaccurate estimation of the cou-
pling terms observed in Figs.9 and 10 will be a cause of
the large discrepancy in the motion estimation by the strip
method.

The RPMs with and without transom stern condition
can predict the resonance point taking account of the for-
ward speed effect and three dimensional effect adequately.
The deference between two RPMs is not so remarkable. A
small improvement can be seen in pitch motion near the
resonance point. It will be rational to understand that
the treatment of the transom stern affects the pressure
distribution at the stern directly and it affects the pitch
moment due to the long moment-lever from the center of
gravity. And this leads to some effect in the pitch motion
as a result.

If we take account of the effect of sinkage and trim, and
use a revised wetted hull surface in the computation con-
sidering them, the estimation of ship motion by RPM is
drasticaly improved and gives almost complete prediction
as shown by the bold line in the figure. It has been al-
ready well understood that the effect of sinkage and trim
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is negligible when we evaluate seakeeping of the fast ships.
Now we realize this knowledge also in this result.
We also carried out the computation by the strip method

taking account of sinkage and trim although we did not even by this calculation.

0 460

illustrate the reult in the figure. The result was slightly
improved compared with the strip method in the figure.
However the resonance point could not be predicted at all
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5.5 Pressure distributions

In order to see the influence of the transom stern con-
dition, the sinkage and trim, we illustrated the pressure
distributions on the hull in Figs.13 and 14. Fig.13 is a
wave pressure due to ¢o + ¢7 and Fig.14 is a total un-
steady pressure including the effect of ship motions. The
unsteady pressure term related to —pgz is also included
in this calculation. We can see the influence of the tran-
som stern condition by comparing (a) with (b) in both
figures ("TSC’ means the transom stern condition). The
difference apears only near the stern part and the tran-
som stern condition does not affect so much the whole
pressure distribution over the hull. The comparison be-
tween (b) with (c) shows the influence of the sinkage and
trim in the unsteady pressures. The shape of the wetted
surface beneath the calm water surface is changed consid-
ering the sinkage and trim. We confirm that its influence
spread to the whole hull surface and can not be neglected.

Figs.15 and 16 are showing the two dimensional pressure

distributions at representative ordinates. The horizontal
axis § indicates the angle of the arbitrary point along the
girth on the hull surface measured from the bottom toward
the water line. The origin is set along the body fixed z
axis. Therefore 8 becoms smaller than 90 degs. at the
stem part and larger than 90 degs. at the stern part in
the case of (c) since the sinkage and trim is taken into
account. The effect of the transom stern condition can
be seen by the comparison between (a) and (b), and it is
confirmed that the pressure is remarkably different near
the transom stern. On the other hand, the comparion
between (b) and (c) shows significant effect of the sinkage
and trim on the pressure distributions. Thus, using these
figures of two dimensional pressure distributions we can
justify the considerations done by the three dimensional
pressure distributions, Figs.13 and 14.

5.6 Unsteady wave field

We have not yet validated our numerical results from the
pint of view of the local forces such as pressure. Here we

0470



cos component

-sin companent -sin component

(a) without TSC, without sinkage & trim (b) with TSC. without sinkage & trim (c) with TSC, with sinkage & trim
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adopt the unsteady wave elevation for this purpose. The
wave elevation itself is equivalent to the pressure distribu-
tion on the free surface and its measurement is superior to
pressure measurment on the hull surface from the point of
view of cost and convenience.

The left and right fifures in Fig.17 show the contour
plots of the heave radiation wave and the diffraction wave
around the ship respectively. Two numerical results with
and without transom stern condition are compared with
experimental results. Both calculations of heave radia-
tion wave agree well with experiments in amplutide. The
effect of the transom stern condition appears not only
in the wave elevation around the stern but also in that
at far field from the ship. It is observed that the tran-
som stern condition makes the phase difference of the
wave at far field slightly smaller. In the diffraction wave,
the effect of the transom stern condition appears more
remarkably in amplitude, and the result with transom

stern condition gives better agreement with experiment
than that obtained without the condition. This can be
seen more clearly if we illustrate Fig.17 by color con-
tour. The phase difference between measured and com-
puted diffraction waves observed at far field in Fig.17 is
also seen for other ships and even for normal Froude num-
ber. This is considered to be originated in wave-wave
nonlinear interaction®®. Therefore the the present com-
putation based on the linear theory can not predict this
phenomenon.

Fig.18 shows the wave profiles obtained by cutting the
wave fields in Fig.17 along longitudinal axis of y/(B/2) =
1.52. From these figures, we confirm that the wave pro-
file around ~2.5 < z/(L/2) < —1.5 is fairly improved by
imposing the transom stern condition. Since this part of
wave is mainly generated from the stern, it is suggested
that the transom stern condition improves the pressure
estimation especially near the stern part.
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6.Conclusions

In this paper, we proposed a transom stern condition in

seakeeping calculation of fast ships, and validated it through

the comparison of the numerical results and experiments.
Through the study we obtained the following results:

(1) It was confirmed from the experiments that the tran-

)

(3)

som stern was completely dry even when the ship
is freely oscillating in waves provided that ship ad-
vances at high speed. All the waves that consists
of the incident wave, steady wave, radiation waves
and diffraction wave flow away smoothly from the
bottom part of the dry transom stern.

A flow model was proposed to satisfy the phanom-
ena denoted in (1) and a corresponding boundary
condition was derived.

It was confirmed that the Rankine panel method
with transom stern condition rationally explains the
experimental results. Additionally the accuracy of
the seakeeping estimations was fairly improved by
taking account of the effect of the sinkage and trim
incorporated with the present transom stern condi-
tion.
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OEBRERF), KA NT, K@), G)2HETILIZIVERI LV TIAT VA No)eRD, D
BRETD Y T, K217 T, T, 3SEFRBERTT O Ji(0), (o) DERETHY | KR
DRDOHIB,

Jy(@) = k_1+__k22 +’? e Ja(w) = —-————kzz w(cajcz)z
EREICR/D 2 RIEZAOTHR (R(O)DHERME) 22U TIHHILICLD ., SEREL = 3BRRE
BEEET L (K18R) OFERERE L, EFAOFKERDMEIZ, B2oPCMHEENTVS, @
A= b, TRTORBERGHENICEWNT, 3ERREHMRET NVICL > TBMNEER S E<HFHRT
ETWBZ LBbnsd,

3:-3 BERETIORYMY 3ERBEMBTTNVOBEEZRIETS720. R(2), ()L YV RDA
Y —E—RR—NOEMA FI), ERExX() (= &) OTAMEL. ERICL VB LN F(N), A%
T5L A3DEIIIRD, T T, ERVPERFER, BHRRETLVIVFRILEERZENENRRL
TwéoWFMmBiTM\%ﬁﬁ&?ﬂﬁﬁﬁﬂﬁ—ﬁbfﬁn\3%%%?w®%ﬁﬁﬁﬁgl<
ROLNTWZ ERLD, LU, V=53 mis DBSIIERME L TRIE L THREICAR—EIRAD
hiz, ZORRE. V=50 m/s LA iz T, f—w@zmgmxg<@u Mﬂ@#ﬁmﬁw%@

(6)

1.2 r— — T
RELIED DD L EZ DS, SUVEY: ' “Expermentl
: I e
E 'F Ve=352ms 1
8 k. ky = 3.21 X 102 N/m |
©08F = K A b = 5.82 X 10° Nim |
8 f ¢ =29 kNims) |
M2 RYU—bE—2R—NOEE g 06F F ;
£ o . ]
aVTIGAT A 8 04l =
x r ]
a _f ]
g 02- 7
O r ]
ok

0 05 1 15
Frequency /27 (kHz)
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30 F T L T T T ] 10 . A v T T T T
[l 3-pc ball . —— Experimental |3 | 3-pc ball —— Experimental |1
= B a2 ms -~ Modelfit i € 8} v,=352mis _~ Model fit 1
N ] £
~ 20F . o I
- c 6+ T
8 15L 3 2 |
(*] F | J [v]
- L — 4 E R
85 I == ] 8 4r N 1
£10¢ N ] g | N
Q N P NS R = \\
0 5 :. ’/ \\\ A g 2 [~ \\ n
E // \ ] I \\
0 . ' N 1 . L s ] 0 L . L N 1 L 1 \\.
0 100 200 300 400 500 0 100 200 300 400 500
Time t (us) Time t (us)
(a) Vin=35.2mis
30 r T T T T T T T ] 10 L A T d T T ¥ v
3-pc ball —— Experimental | | 3-pc ball l —— Experimental |
25 - -~ Model fit . £ 8k e |77~ Modelfit i
g [ Vin= m/s ] E Vin=53 m/s NN
L 20f 1 o | N
S PN ] g 6r )
[ ’ N K] \
8 15t / . . st/ A\
2 [ L S\ ] £ 4\ J A |
g10F // K ; 3 \
s [ /’ \\ ] ° [ \
o L // AN F 2L \ 4
5 /7 N b o A
[/’ \ ] 3 \\
0 1 " 1 " 1 L TN ] 0 i " 1 N 1 s t AW
0 100 200 300 400 500 0 100 200 300 400 500
Time t (us) Time t (us)

(b) Vin = 53 mis
K3 RY—VE—RR—NOEM - EREOFRBHELOERE & EITEO LB (Vi =35.2, 53 m/s)
BEXH

1) FFnKk, BEERE, NMEE, BEAEHE, EEES, TRELA, [LERE . EEERL2ZTHIL
TR OBWETGER, BABBELRCE (CHR) | Vol.72, No.724 (2006), pp. 3826-3831.

E
AR EZITTHICHT-VEBERIA L M7 AL 2% LTHEW: &)ifik KIZE#HT 3, £,
AERICERLEZIAT7R—A2RELTHEWE LY () © BAERE KICB#HOBLHRT 5,

MR RS
Nakai, K. and Yokoyama, T.: Identification of a Lumped-Parameter Model for Golf Bails in Normal
Impact, Applied Mechanics and Materials, Vols.7/8 (2007), pp. 237-242.
PHER, BIL B BEEERICBT SR INTR—ADOAEETAORE, F5 1 6B BRERSE
PR L A SRR 2 TR SUE, (2007), pp. 45-46.

BRAR

- BHRREE PH OER MUBERKE TER BBRAT7T2TER)
- MRWAE B Rk OuMRZE ISRAERRT BREAFRM BENFESE)
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BRI K DB E RIRISART

FERSIRFERE . B
1. BHY

Wt EER 1L E RO RIP EIE - W L2 O mE CRITT 3. 20 TR, BiEomIR, Atk
72 LI X BN ORI E L BRI B Z MRS TOBMR, £0 X 5 BRI X FSEROD A
A= ANTEEFFIRRAEIN TR, AR, FORA D =X LERRAT 5 I OISR FEO—FEThH DR
EREREY (EDEM) AW TEHNERURITRBOMT 2R, Arakawa HOFEEBRERPO L L7z,

2. B3R

PARERIERYE (EDEM) CTHWSERBIO AR
IR, FyvaRy b, R4 F—ERVTERT . Figl
WO X 9IS, FRCERB ORI E T SMEDHRER T L
ZEAL LT, EBRERLIINCHEBRITRE LT, dEE5m &
HENZEEIRE ¥y v a Ry bEWFCERB LTV 5. Figl s
D “X” OFEENL, BRBOOTHI IR U CGRELZSIER
FRAOTHBITEL & ZICERMCTRIENE LS Z & (ERDO%

= Element-spring
....... Pore-spring

éE) %7?\_ L, “«_» o)%a‘%“j:, E*[ﬁtﬁ“lgﬁl Lf:}fﬁﬁ‘biﬁﬁ@ﬁf‘d) Normal direction Tangential direction
NDAGEZR LTS, S DITERATMOBRAZER L T3, )
FIRESR | OEBRSIRAL 125, Fig.1 EDEM model
d’u du d’¢ d¢
mi'?+ci'7+}:i =0 Ii'?+Di'"E‘+Mi=O (1)

IIT m 3BR i 0EER, [ 13ER i DEET—AU b, F;3ER@BLEN, MIIERUB AT A
Vb, C;, DIIBEEE uEEROFMARS MY, EEROEEEMN THD. FEROEEREET, K
D)2V TEIERES T3 Z LItk VRO O D, ARG TIIEREsy = Leap-frog 5% AV V=, FIRRE
ICERP A TREEZ BRI T aORE (X WOFE) & L, BERMNCEHREIIMERT BB SO
1 F, L85 WDT) FMERT 505, EREICE IBIMERT 28813 F, =F:= 0L 72 5. FiRITianmsE (x
HORE) I LTI, 5 IRBEORAIIIERTMOBERE OO A BIZE LI & 2B s L= &
HIRL, TANEOEAOBELEITL « 7—a OREEAVTNS.
X ZHEROIERI BN 2 F3R T 57-9IZ, Nishioka + Atluri OB J BHORO% HV V-,

Jy = Lr [(W"'K)”l _tiui,l] ds + L_V [piiiui,l -pP zi,t'lm] av @)

IIT, WIROTHTIAX—EE, KSE X —0E, u 30, 613RE, plEEThHb.
R K 3B ] By L AR R OV K> CH TSI B T, ©

K =W ®3)
ZIT, 4O =80-B){4BB,-(1+B})} THY, ERATA—FB,, B i3KAL25.
B =(1-C*/CH'*, B,=(1-C*/C})'? ®
TITCHMBREEE, C IEABEE TH 5.

3. fRMTRER
fRATET V% Fig 2 1R 7. #PEHI Homalite - 100 & L, HEEGREL £=5.3GPa, BT V) - tv=0.35, B p=1.23
X103 kg/m3 2V 2. EFERORERMGE LT, BETHREINA =N —2ER LR LOMERE
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66 % E & L CIHBR LomEE%E =1.000553 AV iz, F-ERIAE =2.5x104m, BFHIZIZEA £1.0x109s
ZRVE. SEIOIT T, FBERLHET 572012, Fig2 ICRTRIFEFMCRNT, SEERTIE
ATE TET VNSN3 5 Load Pin 2 K2 FNFh L& & Fra&I2%# 50X 102m/s TEHNL, 0%, FR
FERLFIC Imm/min (ZF84°5 8.33X 10 6m/s TEIAL7=. F LT, #EE95 BREIHNT ST B, Tk
BEBAEME TIXY v v a Ry FOEEEE n=2mk2 (m:EE, k: “RER LAEL, BEafEL
TERREEL /NS L, 2 U TS RHERRMRIIZ RIS ISHEDmIZZREL, Fviafy bod
FHEER 0 210070 1 /NS Lie. ZHUIEHEBAE Y DFBRT — ¥ LR U5 3R CIsHEmAIsR
272 D FRATIREE 2 5728, TOMPSRE L TRARL LD THS. Figd I ETHHEE L RO ERE RO
LIRTRER Y. TRRIIERER LR LD ICESEREONGE - BoEL KRB TE TWBA, SRR
IIEREROMN 1.5 1, EREEEIIV L TfEL2oTWa, ZOFERELE LT, X Z5EEMEE TOs IEHEENTE
TOETE D 2 LROHBEITHER LBV DN R ERELOND. FHEREON LIS EOBETHS.
& 512 Fig4 12 Load Pin % 4 &IZ L, ##1% PMMAO® & UT-BA ORMTET NV ETRT. Z OB Tt Load Pin
OEEMEIT A—% (B=597GPa, v=0.28, p=1.18X103 kg/m3, B=1.000239) LISDEAEIRHROATE]
LIRCTHS. Figh ICEFHHE LISIHERREOBRERT. Kb & ZEHREE LIS HIE KR BRI
WO - MHEE LTRY, FREROZEMANCITFERE VS, RRROF] L RIS RS & x ZhREEDfE
WCRERENSHDZ ERLMD,

4. BERR

(BB, BEEDY R = L— 3 —HERERIERE CREEEIE S, (1997), 39, FRILHIR
(2) Arakawa, K., Nagoh, D. and Takahashi, K., Int. J. Fracture, 96, (1999), 345.

(3) Arakawa, K., Nagoh, D. and Takahashi, K., Int. J. Fracture, 83, (1997), 305.
(4)Nishioka, T. and Atluri, N., Engineering Fracture Mechanics, 18, (1983), 1.

GRE B, RS BAESHEERE 25 (1999), 140

©Yu.C, etal, Proc. of Int. Conf. on Fracture and Damage Mechanics, (2001)

5. BFZCkRRK
WHERERE i 15—  RERSCKEOHEIR G BRI
WEHS1E : AZT R BIRKET RS
ME EE B TEER
Nk FUNKBER SR

. 20
Load Pin a ..
E 18 | " - -.-.
1t1al 0.12 = | .
gl mai:om E M 16 .
rack® B g 14
< §512} '.“.;
0.06 £ 10} ** »” © Experimental result
o g’ 08 | .o" ® Numerical result
@
0.02 06

300 400 500 600 700
Crack Velocity m/s

0.00
0.00 0.05 0.10 0.15

Fig.2 Analytical model I Fig.3 Relationship between crack
velocity and stress intensity factor
4.0
Load Pin £ st &
. = Numerical result
Initial 2 %E oS
Crack *° % 1¢% . -".
008 X § z0 .‘ . ot
00625 g 1.5 an "
004 1.0
100 300 500 700 900

0.00 0.05

Fig.4 Analytical model I

Crack Velocity m/s

Fig.5 Relationship between crack
velocity and stress intensity factor



HREEOT-D DR VY A K EDRF

NMKRZRFBRR A B TR RIFRER

e HH

MAERKRE I3, BIE. RBEREFHOLER KBOBH LR L - BIRREOELER L ERPTH
DB 1T EEDPCREMEZFFOF ) UV ABKED M2 BLUOREDHRIZOVTERWAHELIT
2TEl, FY VARKER, BROGHEFATIKETHAOF THVT RN X —ERIEL Fo
B, FEROES M ANSRIEBMETH S, FRERSNEREROBSICIZE—F Y LIz
Ko THHEMICEESE S Z L AHKR DM, HKx OBEITITMSIBRE 2> TWBDOT, EEVEHEDR
BRIEETHD, ZOMRL LT, Y VRAKEOBHREAZEPLTREOMELEIORDN, =2
TRR1DLSIZ, Y U RABAREOREMICY R=0 AKELRIFFEFY VR - B R=ARE
REZDOWTERMZFREIT o oo R = 7 RBOKBIZ, $FIBO 7~ b & AV SIEFRKET,
BEPBEMTHIOTEHEEERBICHAIN TV AN, 8L LTEE ML I RKEARZ LAET NS,
bL, MABEORBFIZENT I LR TENITEMMERKELERTEAREERH D, ThERES S
EBEHEDBENTH B,

Darrieus Wing

o EREERIUVERFIE

FERII TN KZIES F F1 2 P D38
FEBKE (LxBxd=65mx5mx4-8m) IZ
BOWTiok, #Y vAKEORIL, REER
0.1m @ NACAO0018 L [RICE X 43 ¢, Mil¥x

¥ UN—EDT b DOERAWE, BHEEET.

1Im/s ZEHEL Uiz, HAFEHIER TIIAE Savonius Bucket

PREEGSY, TORCKERNRETDLTY  m1 »yyox. 8=y RBRAKEORMITA
b2 QIN-m]ZEBIL. b2 R8(Cy)E &

URY—RE(Cp) RO, BREERTIHIRE Torque Coefficient, U=1.0m/s
BOHMNBEICL Y, AT —FEERDT-, Lo ISR
018 N - X

o EBKR e | RN

2, FYUUR - $R=gRKED LY o FE R AN S
IR WA B RERIC L > THB L, = g e
DRRELDLEB M I BETORAKET  om [T tot St
WESNIEDEBADB, REL, FAEOR oo FEUUAER S S S K

FHAICLAEEBIIREL, MR 90° HBWViL o5

0 05 1 15 2 25 3 A 35

135° RREREB M I E2EZHH, 45° Tit M2 Vv 2EMEEOESKED LR
EOPRITNS NI LN r DB, —F, BRR

BE2THIHEBRPEERRK L 22 1~ 220 Tk, ©ARKED MAZ 3R U TH Y v BB 7%
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BECEDT S, Thbb, #Y v RAKkEICS 0%

BEOHR=Y AKEZEBMT D2 LICE-T

Az1A T CIRIEED V7 2RAT DM, s }
A4 ETHAD NI 2 RAETHLER 0%

HTLENTED,
M3k U EORRENND —RETHEL 01

LD THD, FY T AEBOBAITIE, B o

DT —Z T 1=2.2TCp =043 TH B,
REKEIIOWTIL 3 BIRENRENEL 2D

NGB,

B4k, BHAECBT 2 RELEREBOTHET
b, TUF—u—F—a7 L XAEKEH WAL/ E
T8 SKY-HR350(1 kW) ) ZERE L THW:, ZORE
BIX 48 B TH Y, 100rpm BEDEKEERE THRHEX
THELTHEHME L THEIIHEIEH 25, BEHOH NI,
AC-DC BB LV EMICERLUTHHEL:-, ERT
3. KE M2, BB, BRAERHOED OV
AMER. REBRHHEE, EREZHBILZ, RERO
AFIEEERRZ OBBIZY v X TalEL Lz,

M5k, FVURBEMETFzy NEDFT Y I R—
PR=DAKE, $R=VAOAEZEELZHED
FYGA-P R RAKEORKERBRICBITHU —

Power Coefficient, U=10m:s
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o
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B4 SAKHICIH 5 ZR

K3 #YoRBEMEBAKEDO Y —FEOHEK

FEREEBLI-bDTHD, NV —FEIT. RERHNPLHA LZOTREBROERHR (K3 70%)
DERERBEFEN TS, ZOKREHRDI L. —BHEBRVOIS ) OABEMAKETHY, 7F=v b
DHRIZOVWTIHEATROEERIT 3 2B TBY, FY v ABMEY Ry REAEDREKELD
TRIZRMEETHDI LB IB REBL L TBEIT 5 1222 TIHEDOREGKEL OERIT/H IV,

o FlH

PR RAKEEZRHTEZ EICE > TRES
M2 ERESTHIENTE BN, NU—f%
BoORREIX 7 FIBREIELD DT, &8 b
7 ENRT —FREBORVKEVWERILENH B,
- REERICLYREMELRBETEL,

o TFZEHRK
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FARMEA EEORAILICET 5HR
IR FR S AT D TEBERR S A7 L TEREE KR —

MREH
B L KB ORI BRI S RERE AR 572012 CIP I MPS #: & W o - Sl fi ik
NFFELRAVEREPEERIND LR o TEEN, TOKBEMRITIILIELEXHEREEZ Y
BLLTWe, KFROEMIIHEFEDO—DOTHD MPS kL EREREZ ALY EAHEHE
FHEICIVHEEROKELABERD , TOEMAIZHT-EBRRETIZLICHS.
L ACES
YRk 18 FEICEN L SR AFEHER & 0XFARBAREOBRRIC LY, BERHEFENEFRITH
BT A5 LR IND, REEOHETEEILZOERLICHIT -&BREAOEVH LIZER
ZEV-HEESA T,
EEMRECSVTHREEOBRBEL 2o TWERATSEEZIHABRIER 2T -EBZLUTIC
NETD.
1. @EEHROBRIZBRGEN 2 I TV,
2. REMLERTIKEOHET LB, REEOERESRONS.
3. BREFRELEFIE (MPS k) OBEAEICBWTEBEER L LTIV & DR FIEMOERR
KR CRE B 2R T
LIZHOWTH, REDRF%M#\ MPS I:EM T 2 RuTEFRKBEOMBEL2HE LAl T 2L T
EERILIROBRMMERZ1To~ (B 1, 2). £55m, KB40 cmDERKEERE L., BFiEEM
T 101,234 fAORF 2 BT 23 E A E AR RE TIT o B TIBRI T4 % 31,204 RCEMEFAET, =
OEFEICBELERMIIN6 S0 1 THY  +oR B EIRNBLN TV A Z EMXER SN (R).
2IZOVTHEARDOHRIZIEL RV - b OO, BRENFERERE LR TEM THROCYMY %
THRAT>TWEEAEAR /A ABREL B E LIEERT v v x VO ZRGHICHT 2 BB FHL
BOVRIBCHSEFELTVD I L2HER L. RENICHAETE 2RAOFERLIBIC > VW TR LS
7= (X 3).
BT OWTIIRIFIER CREER & RAAFE TRERR LARSRBET 2RHEEZERA L. ZhpFEKED
AL EXZORELZITo. ZOLFROKERIIEN AR ERFETHET KR, BEAFTRD
NDRFHHOERPIRY—EBHERBRENCRT 2 1725 L, EHARSEREE TOBRFHE S
HTELMEINT, £ THRBIBHICI LT —EME L W EABKOFEF R L BEmaE T
R RS —ERRELRWE I ICEET L2 L CRENFIRETHD Z L 2R L.
% s 7= e ERICEATIMALEE L - BREBROEBESFE TITo. UTRFIETS.
€ A Hybrid Technique Using Particle and Boundary-Element Methods for Wave-Body
Interaction Problems, Makoto Sueyoshi, Hajime Kihara and Masashi Kashiwagi 9th
International Conference on Numerical Ship Hydrodynamics, Ann Arbor, Michigan, August 5-8,
2007
€ A Hybrid Computational Method for Nonlinear Free Surface Problems, Hajime Kihara,
Makoto Sueyoshi and Masashi Kashiwagi, International Conference on Violent Flows,
Fukuocka Japan, November 20-22 2007
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H—RF ) Fa—T STi &L DHDERBEEREEE TS /oL ROV DR

T8 M R ZEREAHE 50
e ER (R BE

1. B#®

H—R>} ) F =2—7 (CNT;Carbon Nanotube) ITH#ERAIB LI OELREEICEN, BWIBX
MEFEHNCEEEDREVRY, Bx RS2 > MBI CHS. TOBENIEMEND, ONT
ZREMLLT, BETI7RACHIRIC MU E A MBI &SN, &BEE S EH (MMCs) 12
BNOTH, CNT 23L& LI R R ENTW5. ZbHDIFZEs D, CNT 8{k MMCs |18
NIRRT EDE I THLIN o TE TS, LcL, ONT iRt BIBIOE
TARINEDTHEEL LT, ISR LBRETHS. ZLT, &BL CNT 0@
AMEHZBW T, HEZEORIBELHIVH —IZ CNT BB > E SR ORI
HThs. £D1®, BE MMCs IZBIFAHFE T3+ RENEoh TV,

I, Al ITEET, MIE, BBIVERGELIZENT-EB THAHZEND, BIAWHET
ERIN TS, Lo, #i Al TIHREPFTFVEVIREANRHD. TORBEHOITLDIZ, o
EREDE R, MM IR LU ESIZAZAVWTEESIL TAZEREREINTNWA. &
AT, 7V REGRBOINCBEREN F L BB 2 A E2EA, MABLIW
BHFIZ KR ERBYS AP RAEL, MEDBEL TLES. 220, IR RLEGEHICE LS -E
FH#RERS B (FGMs ; Functionally Graded Materials) &322 4T, BUS DI XAREA S LN
T&%. FGMs &I T OE DD B CHEK LB RE S B F /- I3 B P I E (L L T B4
BHEEBINTEY, H—EEM BT R o7, Fil-oie 2B o323 b TVA.

AHFFETIL, CNT D7 BEER S E T ~KKRELEZITV, CNT 23kt T5 Al X
FGMs ZHIRL7. 2L C, BIRIL7Z FGMs MIZEITD CNTOS BRI AL, Ba et
OFEEBERELE.

2. EBRFE

ORE BM Al IZEHRIFE 30 um DO Al BRZRVV-. WEMICIZER 150
nm, & 10~20 um O CNT(BEFfE THASHR, VGCF) ZHV iz, ABFFE TiX, CNT O
FREGE IR ZIT O EBIED N ZIT 7=, CNT DEERFET-HDIZ, CNT OREXRE 2
L7z. CNT D48 B2 ERALEREREEZ VT AVCNT BEBEREZ/ERLT-.
HEHI AL IZ6T5 CNT E§FE 0.3 wt.%, 0.5 wt.% IBLN 1.0 wt.%DIR A ¥y KA ERILT-.
ERIL7- AVCNT BEMEKRZEHBIZAN, o—FEerZAWT, BEREREEZERLEZ. /E
ML, JEFEE 120 MPa, Z70 ANy RRE—K 5 mm/min, {R355E 10 min TEIRH RIEHE
L.

OFGMsOHIR  FGMs AR FIEL L TROEE
BEERWE. BOASEELL, BRESRBIEL
HEHML, Mbd L EmEREDEEZEIZERT
HELIDECIVELIBEEEELFIHALT, 4
ARSI 2 BT 25 TH 5. BmLSELITIICH-
D, BOHEBRBLLIEAATGA—ZTHIENER G
A5 CNT OEFRHEIZKEBIET 5. EIMEH G 1X
UTFORTHAONS. 21 R OBALALE

_ 27’DN?
g

G =~ 2DN’
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ZZT, DXEHRER, g l3IEAMEE, NIZEEE THhE.

ERLZZER RIS L GROESERITY, BERABZAIBL-. AIRIEHIT, Ar YAEH
KFICBWT, IFRIBE 640 C, EHEE G=80 BIOMRFEIFRE 60 min Thor-. AlRIL
1Y TR FGMs 3B OAFAICEIVHL, K1 OXLNSE LA FHICREE 0.0~1.0
T 10 SENTHBIEL. 2L T, BRI B EICBTS, ABOEEHEEFEL 7.

SRR RAWMIERERD ONT SBURBLEZHERR T 572012, K3 HMMEE (OM ; Optical
Microscope) Z VN T, fEBIL7- AUCNT IRAMIKRZBEL-. &5IZ, ALY FGMs DO H
WNERICEITD CNT DHECRIREHERR 3570, AR E 7T (SEM; Scanning Electron
Microscope) 2\ TBIE L. X BOEE T A7 MU(XPS; X-ray Photoelectron Spectroscopy)’
RAWT, AIBIL7 FGMs 2 B0 LIz, £, MAEAHC I AR ELRAE T -0, #
BANBEICRITIE Yy I —ABSERE L. BIERMIIHFE 2.9 N(300 gf), R 15
sec &L7.

3. RERBIUELR

OCNT DESHMERBLT FGMs [ZBITHHBURE  BAEWRERICIE, WANWARITHE
ROMGR, BEZHRMUBRERER2FERTILEUE. (BUL-BESHED OM BEND
ONT EEAREFERTAHIENTERD 2. ZOZEMG, CNT OAEMIRMm ELEZEEZ NS,
RIRL72 FGMs @ SEM IZI2MBBBEOBEELN 2 17T, REEHFEL-% T, ONT
ERERTHIENTERD T2, T, BFBICLS CNT OBMESBER THREEILND. +2
T, ABEZUIHLAZZZEONO2BEBLI-LEA, B 2 OL5IChTHRBEENCADAAR
CNT BEAEEZHARKRTHILNTE. FGMs 123175 CNT O4SBITEREE TIIH DM,
REBNERIC AL TWAZ L SR CX -,

OEWENM ~Aru o —AEX
ARBROMER, 0.5 wt.%CNT IINT 37.6
Hv E£TEEEEA ERL, # Al IDEWVEE o
EZ/HIENTE. 03 wt%CNT B
LT 1.0 WE%CNT (BT, M Al © 0 i
DIEFEIC L DERL o108, HE DM o
FULEBDIILNTE. -, TR otk
DFREREMEG, BILMELTOHOCONT Al 0 % o5 200wm
WCREE 5 2 CWAZ el

X2 SEM #£EEE (1.0 wt.%CNT)
4. &

AHFFETIE, CNT OREHEZITV, CNT OLEBMEDOH L2 ML7-5Z T, AVCNT
FGMs ZAIRIL7-. ZDOFER, ONT 2R PICTRL T3 L BL OB ERERETICLICE
D, X0 BIFRSBUREBITRENT.

XPS ZHWT, AL 7 FGMs 24347 L7-. CNT I3FEEIZ FGMs NIZ S H 3, BEEEIZ 5
BEZTWAZENHERINT. BOSEEZAVAILIZED, 0.5 wt%CNT 1238\ T, BIE&HET
BIRL7-# Al JIVEWEE 2RO, $BEOBEHEABAZLMTE, AVCNT FGMs M EH
Bl CxT-.

5. BFFeiafE
HERERE R BEH
DRICAEm 1. (MBI AR R R B
2. JUN KRR R 1 R Ferr S

0620



BHKMZRAV-RABORBARELUERFENETIXBHRE

LHEBRFLFAHER & &2

1. FROEE

HMREABZIIC O & T 2BEELKICRV T, BEEANIG O, T2MSHORR LT, L
V VEBROGEE T 0 7 7 A VORE R EEBNREOMA LT 5 L CORERARE ShD, HA
BOISHDFRIEIZIX, 7 7 0% —F vy — b, TR Bk CHRENHE 2 BACRET 5 5 i i E
THLHID, KAWL TE L, EEOFHAT—% 2FHT5 LV BATIX. EBERESY RO
FEEZHET D L0, FAWISHORE M % Prandtl(1927)233 = 724>, Schlichting(1979)23 %12 %
RT—FDT7 4y T P bBiELRRTEEZENEOIRASNO LB Th D, [EHAERD 2 \VERETE
FUE O RFTEBRIRFUICRNIE, b= DERILICHEY Schoenherr 28 EBRT — # % H (il 7= BB
BIRKHA S TE (LR, KSREMTS), FRIBFOANL, FRORBFHER & 2EH % 3
TOHEAETEDFRIIRESER S, BEOHAITIT, MR TR A PICEREZRMT I - L0k
VEHAIT 2RBBZBE S TWD, —F, FROBFHRFAZERIT S, hroEERRE AWV, Fik
ELTHBENDZDON, BBHRERLAANVTANLETHD, FORERF L LTKEKSH(1996) &
Osterlund(1999)iZ X ¥ 3Hfll S 7= [E ) BB O E\EARELFE G O BT ERIEFRE 2 B L THh 5
&L VA I NVZEBNEWEEIZIZ, DTORIENED LN, LA ) AVXEOMME L bIcHEIT L
K=HTBHI51L2%, LoL, BRMLEHESNTE KSR EBEBHER, A1 L7V BIC LD
AHINZIZR BN DHENFET D, TOX I RKRELBEENRENEHERIT, KS.ROEHIZEL TS
PORERLER EOHKRZH o7 b DRSNS, £ 2T, ZFRTIE KSROEHBE > HEMRR
L. 07D TRROEZEREB IRV, BB ERERCAANT AV AEE OMBIZOTER LT,

2. EBEM

ERIVEA N FRREFTIRERB N FERAE B I 2o, BMBHEICERAZBBELT. —FET
B LBROP A Z5HIT 5, FROBRBHEIL. (1) BAFEN LCEBCREIIRET S, (2)
7ua—h2HAVWTERZEELCBE2X Y v EAT5 (M138R). O2BEOFELRR, B
WIRIE LV 2 20kg ORAEHE AV, BEIZIZHEL P 5kg v — B o — FELZ L - TER
NEFHH L, FARIE 3.3mX1mX0.03m (PR A). 4.3mX1m x0.03m (E4 B) O7 /L I #-cHYE
L. BRIZFERAR (10:1) &Lk (EL, ERZBLTA-DNMII =D LEBEL L, BRAXF
O—LVEHEDTHDB), £z, BRIV ¥y —Fz o
(TEA 15° | £ 03m) 2BV HFohsdkdicL
Teo V¥ =Ty VERWRVERICIE, FREBD
JENZERIFANC 4 SONMET, MNIESHE Y (L
¥ 70mmH20) (& X 9§l L7z, ELt~DRHEr,
Mo 704 (EER: 1.0mm,2.0mm) % &
226 20cm DOALEBIZFRE L7, BTG EOEES 0.25
~2.0m/s DT 0.25m/s DA TE S, BAKIT
# 15cm MR T4 FBEX TEBREB I o7, 2B,
AT —ZITIXER /) A AR B EOM/N R RS
BEENDD, BE7 4 V5 (Wavelet) #HVT
BrEL, KET 2m £ TKBE/RIZE05 THY,
WO EIXTRE & 4 L,

HM1 EREVC7Zo-— b, E#Esn— R
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3. MRRUEBE

FREEU,O—RBEPICERERBE L&, il (B4, BEL) Th»32Hh%F., A
Wi E T, & 5, ERFRKC, B LORPHEHRE  IUTO XS CEHR SN D,

F 1 T, 1 u,2
CF_IZEEWE_Lf%w:’ (0 T )
2EHRBC, 2R 2@ICR L, BEOBEWVL, BRIWAESICHIET S, BAESIZE ST,
AR RIIFA—DOBMEZR L, FIRABIGERBIZOWTHREETH o7, LA J L ZEBME S
BITIHEHURRIT KSRDEIGEVMEE R T, LA /L XEOMME &L bIZERNKREXL D, BIE
DEBREZRTIE, HRISHZ2L2RNIBOTLUTORIBE NS = & L5 ; QERER. b
FRTHmEDHER. QEATA. DY vy 7 U4 v, ()KE L TOERNE T 3 LKIEH.
ThHd, BREFIITEROBMICL > TELNEEICEZ BT RAX—THY L, £, TR TFHBET
BB ZRTEAT D LI Lo TRETHHRABOTH S, Th HITEAESICIIEKFE L2V, FRO
BIRARTHE72DIC, V—FrrxzoP vy —7xy UBRICERTAENBREOBEL S, F
7eo MU o7 UL XEFU(DIZ, BEARZEHIENY T3k, KBTI N v L 7L b b
BiELND D, BEERO—MIZ b 2o T3, HiH), @ITRAKESIEKFELTEORE IRED

5, FLAEIZ2WTIX, RRIOKE, FORBIIILALEN LRS-,
ZOFETHR SN DAL, ERIERE, . EAERF,, TREERRF,. Ny UA Vi
MEBEEND, ThRbE,

F=F

plate

+F, +F,+F, +F, , 3

ZIT, F o 0ROFRANTHS, F, BLUF I, BARSIREFELRW D, KRS EZEXT
EREBIRVWINLOHNERELEZ, F, L F i3, ESORARB ZEEOFERE AV L%
ET2HEEER U, BHABEEX, 0.25 55 2.0m/sec DHEFH T 0.125m/sec DEIRCELIE, =D
EEERINDHAR Re i . Re, 210" ThH 5, THITEBHRE SI12K-5< Re KR, =104 I2HY T 5,
2@k, FRESMUZBIZHRESN =)

NFERCTHESh-2BHFEETH D, E

MITKSKERL, BIERERIZ. KSRV bK 0.007
EREERLTVD, Zhid, REIRLEL o008
o] Emy*ﬁmﬁu%@%ﬁ@%@f% 5, Ls“ 0.004
BIT, BUKB S EER BT LI K D ERIES 0003
ETHREORAZB/EL-BESOLERIEEK '
C,PER 2NN LIz, YRDZ & Tidd 525, 0.002
AHRURE R KS R X Vi 25, EHIER L o001
Mo ¥ 704 PEROMEIX. REDRA - 0005
H52HROFEROHBNOHEEERZBZ o7, B ‘(’5- 0.004
b A F,, +F, + F, bR S h 3 £8Hi% 0.003
#c,® (€20) 2H20) L kBt 5 L. KS

HLY LIRS R>TOB, ThE, (EFIEHR 0902
+TFomzh 7)) PRERDFIZEDBZEIERK 0.006
TN EERLTWVWD, 4200 HhETRTH g 0005
EL. BOEBMHF,, ¥ANCLERFEHE 5 00
HETHE, KSHRED LA 6%ISL 2Bz L 0.003
Nh o7z, Shoenherr 1T, SEFUERE % 3HH

L7Bic, EABRPLEREROBEL B2 0002,

S2TELT, ZOMEL L TEREE L BXET
L=t EEX 53, Schoenherr 1T K.S.
RORBERDHI-DIMOL OEBRFERES K2 @BEFREK. G WAF-F -FCBI3
ZIZLTWAR, F—ZDIIboX13kx<, BHRE. (o) HLH F-F, - F\ZB T 2HU0RH
ThoDF—F0IFsoxIcBLTH. Hih@)
~@DIZOWTOBIEERBESREN TRV ERBRROBER CIIARVMNEEZ NS,
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R S BB O —KEHRMREICEET 5 ERAOS
EERFBECINI—FRE ¥ — kBE—

1. Br

BRI INF—NOLEIMN I RN —FBRETIHEREBI AT LACREEL OFENREREN, RE, T0ERALD
HENEREFHTITORTVS, PTH, BRIFAVF-DOEEKZFAX —~—REHBR L, ZO%K, BEKRNF—H
LESKTRINVF—~ZRERT 2RARREBAERL, BEOTROLEALIEVWFHEL SR TVS, LrL, Zhoo
AT AL EREZINF—DHEREZRINF—~O—REBMEL B RICT 2BEBRBAR TRV E VI REX D 5.
EROLZZRAVTRERREZRD S - LIIEETH 220 bERP CORKED 2 FRT 5 ERT 2 — FELETH D,

Z T, AR CIHEBKHRZARBEHRERB[E S8ITF 2 + 74 (BBDB) | &xt&ic, BEII/ERAT 5 iE&EH O
REBFITol, ZOERERIIEERIT2— FOREZARTH D,

2. EREELEBRGE

AHFZ2C AV Vi BBDB MR R NEMER OISR % Fig. 1 17T, WREBIRIERE. RIS R U BBDB A OBMR % Fig.2
ZRY, ERICAV AR O2KEER% Fig.3 IR,

ABFZ Cia# LR AEIC 5 5 BBDB AR SRRIM % /EM & ¥, Diffraction FlEHZFR LI, F/. #KIKIET BBDB #
% Heave 51H. Pitch FEICHMHBHEE Y, Z0& DR L EMH» S Radiation FEAZHB L7,

l Foreed oscillation mechanism l ¥y

E«—— Loadcell ~~+H '
Z . [‘ Fx
Hdave Y ”Quipgr /&‘
Piich e T
X Wave D

850mm (L), >

Fig.1 Model of BBDB Fig.?2 Experimental apparatus

600mm

200mm

Plan

thentunt \l“uvex{ Z - <\ El

T .| \ ”

= = K
\ 7 » i

X . N
\\"\\\':: maker N BBDB  Winve absorbing works
§ 3 .
E 25. Om

€ rows sectivn

el o
8 Fwave sk
Botion of wave tank 50. Om

Fig.3 Tank configuration

3. ERHERRUBR
Diffraction HEHDOEBRER % Fig.4, Fig.5 2R T, Fig.4 1 BBDB B OERENBENNELLT 5B DHER.

Fmﬁﬂ%iiﬂ%&ﬁﬁ—ﬁGkﬁﬂO%QO%%TbéoHgLijﬁﬁﬁmﬂlﬂ‘ﬁﬂﬂDﬁﬁmﬁmﬁW
HOKEF S (Fx). BEFMRY Fz). Y BEVE—2A2 FMy) 2 EhFREXRTILLEBETHS, 22T A ()
HEE., L) ERERET 5,
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AHFFE Tl Radiation SN AERE (B3 2 HIMBM S & FE I AT 2 BHBEA TR STV LREL,
FHRIME D DATINE & (A33,A55) . 35 L NS IEE LRk (B33,B55) R 7=, Radiation FilEIDEBRERE heave. pitch
DRI Fig.6, Fig. 71w ¥, T5H 6DORTIIEICHREIIEAR (s). MMIIIINER, EHREREL T ENERTIEL

-fETH B,

Fig 4~7 ORBRERIIBV TEKZBNHEENPELT 258 L EZRZNBENR—EOHE TEBA LIS,

4. iR

@ Diffraction FENITONVTIE, A/L=T~I DBRETKREL | BRERENTENIN—EDBRESITITIEFITKEL

5,

@ fMEE., EEBREREICOVTE, WThbZERERNBEAR-EOHEDHHER 2 DFEOEBKE,
Z ORI Diffraction MENBRELS BT 2RLEBE LA TH S,

Horizontal Vertical Moment
_ e T S
3 1 : . —2
<t
(o]
<
u
11
-
2
@
kS 0
'8
AL
Fig.4 Diffraction force with top cover
Withoutlid | A_./(pv ) @ )

With lid AssllpV) PV )
. ——
2 .

8
< TN
ﬂ? | Y o\

joR o m

4F
>
S
3 o
< 1

0 3

1
Period(s)
Fig.6 Added mass and Damping coefficient

(Heave)

B FoRARR

Mypg & (alL?)

F2lpg a (a/L)

F.pg a (alL)

Horizontal Vertical Moment
v e —
AT 2
I /” ;“\,
- Jer &
[ ! 74BN g
Sty \' ‘ " &
s . u/’ '\\_ - -" / h\\ T\. o
v ety \:/ gy <
'd 7 E
[ il -/ N . g
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Fig.5 Diffraction force without top cover

Bss/(pwy )

Asgllp V)

Without lid

Ass/(pv ) @ )

-B8-

With lid

Ass/(pV) w )
—o—

0.4}

o
- =
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1
Period(s)

Fig.7 Added mass and Damping coefficient
(Pitch)

MEREE: kB E— EERFBEFCRIVF—HFREL ¥ —HR
MR AHE: BHE MR ERKEHECS RV —BIRE ¥ —HEHR
MAEBNHE: 58 KRR EEXFHECIVF—HFREL ¥ —B#
FTNHEEEAN: ik E JUNKFISRAHFEB IR ER
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MR SANEBERT HEESR (19ME-S1)
rZHEREoBRMKICHTIERR

BIREARE ERMB (ZERERFER THERAER)
PRS- BB UM RE ISHAFRRZERT 6 F85P)

AEE : ErR194ET7TH27R (&)~7H28E (1)
B 0 WNKRE ISR EEERT T W01, W606

http://www.riam kvushu-u.ac.jp/taiharou/index-j.html  [map Z 8]
SME . BE
7TH278 (&)
B MERER 13:50~17:00 (BMBH) HAAEHRHT FHif weo1
13:50~13:55
[HFREXDOBEIZOVT]

E)IgEp U KE ISR AR
x rwig A ; BE-BH-FEH 13:55~15:30 FE& : #HEE—(hMXP)
13:55~14:15 (GBK155 +ERIL&E5%)
ML BRI BT DR B OBER R
ENEH UNKRZE SR HZBFRT
14:15~14:40 (GBIE2045 +HERISE557)
FRZERFFRBLUBREERS FRHNE2HVS RF-MBE #1215 Si E 2H-AIN 7> 7L —h & |
KRekie (RFBKRE TEH)
14:40~15:05 (F&{H204r +HBISE557)
SiC BEHRT /77y MREEANT i EDOTR
BEHE (JUNKRZERZER T2A)
15:056~15:30 (K205 +EBRISESS)
(rf A2 THEML AIN FEBEOFGRIAE R & E B4
FHE ', HREE BKLSFA
(UM RZEREE Y 7 — EER AR N5 —)
* y32B ; /N7 FE 15:45~17:00 A% BIBHBCLMKES)
15:45~16:10 (FEE20% +HERISE5%)
(DB 7 7y MEEH 8 (In-situ FACELO) %2V /= AIGaN ® MOVPE & |
ERFIER (ZERZFRER LEHRER)
16:10~16:35 (GBE20 +EHBRLES55)
(RN FEBRHICLD MBI AIMRIRE )
BLUBE. EX (BWKERER LEHERD
16:35~17:00 (GRHE20% +EBELE557)
TEBc % B LI RE S 768 HVPE #5: AIN, AlGaN 38X} InN|
R, REARE. M EM CERBIRZFR¥R LAERFEATHEE)
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7H288 (1)

B XEMERT—IONEICAT-ERZRE (B BIIFH) TRIEHRF HEW606
9:00~10:30 (B A%

FHPR-BWEbek

EJIII: 7

TUMRZE JERAFRZERT SRS

T816-8580 BMRERTHHER LR 6-1

TEL : 092-583-7742

FAX :092-583-7743

E-mail : kangawa @ riam.kyushu-u.ac.jp

URL : http://www.riam.kyushu-u.ac. jp/taiharou/index-j.html

FRESDBEIZONT]
Z)IEE CuNKRZE IEHDFEFZER)
A RES T, HERR - RESTOBALIONNY - EEREOBE)D, B L ¥R EORE
BIZOWTIFRVEESTFETY, £, MO BOREE OB ERTHAL LIS, Fil-2tRFE
T—<EAIHTAZEEERELTOET,

({9 MR 1T DR B OERR N
ZNER OUNKRZE IERDZBERT

BAE, N FRZE{L# 8 K137 - # & LED (Light Emitting Diode) 0% % & LD (Laser Diode) &L TIE<FI A
INTVWS, HALICESTWDT /SARM LTI, GaN & InN DOiRE THS InGaN BEFE THY ., TRE
ABORENERT AlGaN ZFMEHIERIZE STV ARVOREIR THS, 2L, InGaN FHEHCIE
In-N-In-N-In U7 Y7 Fx—> ITRZ—BRHRFENFOLELTEL 2D, FER I 0 E722D5E S K BaH
ZLBALTOTHEIROREAENEBLNEZE, £2, AlGaN ZHEFCIL, InGaN RATEID X575 RB#7e
RAEPLOPEERINTELT | BADRICHIIHERAEFLEBEOFERKREVILIIRRBHDLEZD
Nb, T72bb, AlGaN R EEZRWERZET SAARRE CIIIER P LERAFRERRME, FICREDOHESR
EBESIN TV IEEBMOBBAEELRS, AR T, EiRe) RO Z Y FEEROREH
WBEMITL ., BRRBOV2VELERGEOAIRIZMIT R Z2ITo TS, KBETIIUTORET —
RIZOVWT, fToBIRNELBONTHMREBN T 5 (1) TTHADEICES InGaN F ORI
FRAD =X LORHT, (2) GaN WIRLER ICEBITAZERBERROBREAENT. 3) (LERISE R DOHREN S
ETBHH AIN B & FiEOMESL,

IFEZREFRBIVEREERS FREZAVS RF-MBE #%(2X5 Si £ 2H-AIN 7> 7L —baRE )
KékE (RERKE T¥EH)

MEZE P EEERERAVDEEF T AL AL LEERT SAR T AT ER RO ROR
T R TPOR T RGEICEBA AR SE AT v VA ESRE ERBLELIN T, [EiEAT
FETEIZ VY VLEROBERBELL T, BERMREESS HVPE ERERIEIND T BRRRIER
HVPEERA D3 FREFREL TSI Elio~T oz ¥ % v /L EEH 7 2H-AIN 7o 7L — R H$3%F
ZBEEBIZLTWS,

~T7TRERLLT Si(ND)EAV Si R EOREHRRIC Al BRECE(CBERRO25EEZRALL, £
LR D7D, BEBEEICIIERBAE T IAIKE (RF HE) ICLVERINAERERORLEL
BREL, KIGICAWOhAZREFEEZERRFRBIUORIGICEZER SR Ga, In, AIMKEBEFO
RELEBERETIHEZERY FOEREBE TS, TNOEFIHL-E— N~ AT L —aroziony
AbTEFF L — (MC-MEE) IZXWREEITV ., AISEO B OYEE 12 L0575 5 2H-AIN OB HI 51T

0 680



IEEHE TS, Si(111)D 7x7 WG EGHRE~ Al 28 1.8ML OFHIEBEDORIZED Al LRIST3EDR
FERY Si E~BHEHUTEI Y 2% AIN REZITHE ALBHIZ BRID Al ZBH LB ERHE
B Si E~IML ULTD Al ZBHL Ty HEFIENAIREEELTERE AIN 2RSS ST N BHER
Bohi,

[SiC BT /77y b REE~TOlEDO K]
BPE OUNKZERFER T¥#MA)

HF SiC REITII=FINF —REMELLTAGN S /77y b (5 /RE) BBRENDZZ LN DD T
VW5[1,2). ZOHBER T/ REOHRYELRALNIIL, BRIIAToRMWEOHR~LICATHILE, A
AAE Y I AT — VRB(< —200m)DRIAT v 777 /ay—ELTH A THE. BRI~ Tkt /=L
=g RAELTEBERMEI THDHT 7 2 RUAR ¥ vy 7 EUR (SiC, GaN)~D& A IZBIL THRKKEN,
BREH/ TS, KRR TIL, SIC F/REMFBEL LOHBESLE (CEL THRHRERMERICE <
BERITV, BIZVF7 ) -SiON BHEIE[3], RIFAT GaN OREAER 4]0 FIEERY EiFTSiC )/ &HE ) DE
BEHEICBLTRLZV .

[1] H. Nakagawa et al.,“Self-ordering of nanofacets on vicinal SiC surfaces”, Phys. Rev. Lett. 91, 226107(2003).
[2] M. Fujii and S. Tanaka,“Ordering distance of surface nano-facets on vicinal 4H-SiC(0001)”, Phys. Rev. Lett.,
July 5 (2007), in press.

[3] T. Shirasawa et al.,“Epitaxial Silicon Oxynitride layer on a 6H-SiC(0001) surface”, Phys. Rev. Lett. 98,
136105(2007).

[4] M. Ebihara et al.,“Nucleation and growth mode of GaN on vicinal SiC surfaces”, Jpn. J. Appl. Phys. 46,
L348(2007).

Trf 23 ZHETERILT- AIN MO G LT BAG1:)
B2 BREE. KILsFA2
(MK E L7 — T EER SRR LN 5 —)

LT A= NAIN) IXZAVE CEEICHIRM S SAW RFMEHCEA L2 IS AESh TRy,
HTH UV B L2 D, if Ao #ETERIL AIN BREIIASIC c BB MERTIEND, H4 1T AIN
PEWHEBWERTZLICER LT, AIN EEEZE4 ORE T CHEACEIEERFHEIELTUERAT 2%
MREED TE, ZNET, AIN BEOEEBRMEIL ¢ BEMEICHMURETILELLN, WL TER
DFENZNELTEIPRRDLNTE-, LvL, ZEICIT AIN BEOEBEMEIIR GO AL THRE
HAMBRERER THEZ LALLM o7, ABFFE T, Ti, Mo 2L O&BHFRIEIZED AIN ED ¢ #h
EMEOKREY, EICERE EFEMBELXREITTER T L, TO/RK R, metallAIN O BT
fR(local epitaxy) N EERFEIZRL TWOBIENHEPDOLIT, Ay A& IBEBREELEZALIIC
THEDI, BESAEE Y INEBEMRECPFM) TEML, ThoDHEREEICEBRELEER FHELL
TOH AIN BEIZOWTHER TS, TNOORRRIT. ANy ZUNDFETHRESET AIN RBEEMEHIRL
TOHERRIERE2D,

[ 2% 778y MEHI# (In-situ FACELO) Z iV 7= AlGaN @ MOVPE & |
R (ZERFRFR LEHER)

B 300nm LA F CTOREINEIR TOREKLT A4 ZTIE AL F/A5 R 50% L _ED AlGaN S LETRS,
ZOZEHF TR VBIZIIEA D RLERIEIEANEE 10cm™? U LESBEETIDT, BT /AR
OEMERRICIZIIEME EEBA R R Thd, ARG EICHBRFEE T KR (ELO) BBV
TWAH, AlGaN Tikw A7 AW BIRRESEE TH20  BREmicUMRICzyF 72 HELTM
TERB—RICAVONLTVS,

FITCTHIBEL T, 2DF 7 7y MEERI# (In-situ FACELO) ZH\V T AIN 7V 7L —RhER EIZANS
ATIRD GaN 7 72y MEEZERIL . 2D EIZ AlGaN Z R R SV BEDEBERA T, KiXE=HY
T ERAVTEDRBBEEZITVVRND GaN OBIREEITIZL T, {11-20}E&£(000)EH D257 7y 2 ME
BB LRHENFIEIC R~ To, ABIZEDT7 7y BT 5 GaN EiZ Alys Gag N DERREEIT o7
B IT9 7 DRENRBIDOEMEEN 2 FIERERL, AlGaN =BOEBELO7=Hizik, Tih GaN
O In-situ FACELO BAE B THAZ L EFELT-,
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ERABFEBRBICLD P MAENBIR A MVBIE]
BUBE. K (BHKFRFER TEFER)

FEE BRI BV TEDORRINARIMEBET B LEIREEE THD, LOLESLRERO AR
KEBBIEDORELNLRDZFETIINFHCHEE ITEVHIVITE M ECORIFEITRETHE, +
DIDTHI IRy B AEPL) RT7 AN T 7H L ZAEPRB EICB VLN TWA, HICE WS RES LD
HBEV VR TOREMFRETH A, b BRI DR EIT D2 5b0 D, RILANT ML OFE K.
TRPOOLAVROEFREBEEIISDLRV, FI TR~ 1T, EELAYRFBE CHIZRLINETHIES
NFIVWHERAEFEBICTEAL WS, BRI EDLXIIHEESNE 74/ (B 2R ETAZ L
> TEHBASFIEE T, ZHUCE SEEEFR F B IE(PPTS) #BER LI, A#E TIE PPTS LA hET
DI FERREBE T D, InGaN BB+ 538 Tix, ZILEICLY PR ARZIMLBELNA In AL
RV THRE LERIRARI M B BONEENyh o7, - GalnNAs B— B FHEEEICET 5
KT, T4y T4 70 FHF A ORI TR & 2R Te AL S o7 B b ST IR A B RE L Sy B C& - m b
RETD,

BB B U7 FUSH> FHI# HVPE #: AIN, AlGaN 3L InN}
RREEAA, REREE ., H LW (ERBIRERER AR SRS

#ab{L GaN B M EERAER DRI KA DVD 2 EBB(L L= ehbb BbAe LoIC, Fiksee - Biies
FOIDITITERALORY B L ERB AT R THD, ME, ERILIN TS GaN ITREALREETEMN
B/OND LTV NGaCl)eT v E =7 (NH;) % k& U712 HVPE I EVRESN TS, —JFF. GaN &fF
#RIZ, AIN 5LV InN #58h D HVPE K E2E X 5L, KERBEENRTEET S, AIN © HVPE Tit, BE©H5
AICL LARAISLAREOBBEBI VT BA~D Si O7FELRSE S, 7. InN ® HVPE D413 InCl
& NH; EDED B = RAX —E (DG IVNES RIS ERRBIITEITLA,

IHhET, 4 ORI FRICEHRIMLEEERIGL2V AICL Z2EEH 35241259, AIN O HVPE |2
R LT, IHiZ, @AICL-GaCl-NH; IS HRIZXY, AlGaN = ILiRE D HVPE fRE ~DE G %31 -, @InN
® HVPE [ZBEAL Tk, KABIZREL THEET S InCl ITH L THFRFESLTRAX—DKER (RELER)
InCl, ZJFEHZ AV 3 HVPE T InN BFRRICRIIL T3,

AFRESTIE, BB F2H18L7- HVPE OIS AN = X Mk Rd L3t EEERESOBANLKRE
FEZOWTHRLZW
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FHEF40RF FERURBMRDOSHERE
B EE  BRAZAERIYAPAR B B0
i ST

IEIREIMIZRIE 1 9 6 OFERDOEARBIICED, SHIKE->TIRIZLA L2 TOWHE « 2D
THLOMET—Eix>TW5. FiC1 96 0ERDS 1 97 OFEFEDOARANIC X BER, =& 213,
FHICXZ2FHEFORR, B8A « RiBIC & 2 ERBENEOME, LHIC X 2EHEDERL P37 0%
DIFLREAFIC TR EEEZH I TS, BT, FERTFIESEEIRIC BV TRLEN
HEZFDOLDT, TORROBMITY Y bV OH—FIRNES, EI-HMOPTFADRKHANDEE BH
niz.

FEER, COFERTFREDB XS E4 0REICHTIARZTNEETHB. 2L THMAEEAR
FWHRAFTE, LR 5 Z DI REMED E XIChLED—DTHS. 2T T, IANEHERICE
WTFHBFORERLXT I HAMEELZHETSC LRIEELEEND D, X -IEBIERESED
BATWEEZDLEDTHZ LVE 5. AMERESLTE, FEBFEROICZOMEDERZEET 5 &
LB, SEROIFCEHFCET TOF LWEH BETHERA LS DBUC LV EZEITVS. ¢h
CHEMEE R TWBIEOMBEDKRIICH LT, FHRFE WS EEROCEL, RYTOREE SR
ZRBLEW, EMRZBEAEMELEEZNE LS hnE VXL LSS REET 3T ETH B,

FiSRODOEIE

AWFTRETIE 3 AR TREEE 5 ¢, —iGESHE 34 4 (WRRAZ—k v ¥ a v 16 #) DF 39 D%
EMTbN . £ 2 HEICRFEBRTFOMERZRLL LIHBRELTV, ZOREEHSEERE T
OMRZBBT B LA TER. ZUTPFHBNAECEANDEFA L /2 2 —28BICH L, BEH
HRENDRA Yy L—IRHFTE L UTHRNT 25 EDRBKENGEE LTV W, SoIcEEe
LTIEHREREZRH L, ZOWMKREEEHI . 2HEDIFICIIRRAZ—ty ¥ a yAfTbh, k
g%&&8%#&%%%¢@u%ﬁﬁ6@%§vb&w0Ew7v€y%-vaytﬁ%&ﬁ%ﬁﬁ%

MTH-1:.

R 1 FDRBOEREB L TV BV IRABROLE 2 —TH 0, BH D 4 I3 FARFIC S
LIRERETH oz, 9, RN Y 7 F 2RV ABROBOERICOWT, 7 L THEY SBEHE
RRICBUIBFHEHBRTFORELTELRENCOWT, F-nHANEEEL LTERRERAWVEVY b
VOREERBS, TLUTREICVY M ABRICAET 3ARLERSR Y, LD S DIEER M
Thole. —MGARETRESNFEELYE - TR OBEF THRICE - 1. KENMCHET B L (1)
SERTEIRE) - JERRI IZROEERR L TR (2) BEBR » max-plus & » LA — b P VROEH L FOXK
R« EVMBRADISH (3) A ROHR (4) BEETRD R L SER T 208 « N2 - ZHHL
ELolbh, Lixs.

ERRERADSIE 100 EL ICDIFY | BHSF2HBI TIERKHG L IEHSEMTbN:. &
KRERERZBEDBMEEENREBOTEU LI Bh 52 LERE LT 2RV, JHRFRES
EIERRBNZROPICH LR L SRS 2 RV L, 22 TEBDbNRENOLFICSHEE N,
XeZORF L OEBERATHLEEE - WHEHNRRIN TV, SMBRZOXALFI v I EKRER
MOEICRR L, Fil- G ROBELERBZIENTERE. FLT, COXI REBALEUTDOEZDOEAD—
ZETEON, FHBFORRTH - LRBBVWE S M EWEETHS. BEEORRICHDAIRENT
DESIKMABFITHER LTV T ERREEBL LW, EWS L EERTEETOISLTH- T

L OMRREIBAFTREOBZELIF— LWV HERICLID LiFoh, B & TC200843 A
BICRRINI. ZCTRHET 4 0 BEDREDRIVEAHRLOMRRELL LICLTEREQ, &
HICFHAEDETAA VA a—bBEITKD, BLOMBEER—ROALDBICNh BT L LikoT:.

AARERIFEEN T 2O OBEE THBIFICHED, HD, BEANHEINTHRICRETEXZC LN
REGFETH 5. IHRERZOL S LN EIBT TR DL S BIBEEDC L IALTEETHH- T,
WRANERARFNCOBELREZEMR L TWA T LR RERERKERF > TV, BNEERELTEL
BH#ITIRETHS.
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013:00~13:30 BRABRIDERBEOERMICOWNT

=k BE, X £F (BEEEM K- 1))

#>C JPSJ 76/024006 ICAWT, FIAD BROFHAERIEHABICERSZEREERT T LETR
Lz, 208K, FEOFHMEICN LT TOMP—EDRAMNEH > AR L 5 AKX (BEAR
) RS TEEONBT LERT.

(013:30~14:00 Appell D#FHBEE KAV REFIBEH

% &, R#¥ BF, K5 5 (A&EHK- 1)

2 BEHEMS ARRD 2 DDROBOR -3 HRRUCET 5 Appell DFEZE L VS, M THHEIH DY)
EMNAHERICHKHLL T, Deift-Trubowitz BIBF NI EZEH L DD, G A SHIS A TV A ERMEO KdV {#
FHIORMEBEBICOWVWTHRET 5.

O14:15~14:45 E B7 7 4 V7 1 IV ZF OMENEE Painlevé HRINOIBEBAIAR

RE |5 Uik - 3o

Sakai I &> THEE Nz 2BD Painlevé R0 5 5, BV, BV, BV 807 7 ¢ 7 A VBENFMER
FEONNEREER Painlevé AERDE - & L EABBAMAERT 5. Chick > TBEABREHAT
5LENB 2B5DLTD Painlevé RICH LT, iR U THNSHEBARBORIENTT LT &Itk 5.

0 14:45~15:45 E{Y & o-Painlevé ROBSE 2 & (K7

A E EX-E

Painlevé AR & UM Painlevé AR, BEARKS I UCZOBBELUTEINS X5 &
B RD. KBTI, ESY # g-Painlevé ROBBAMIC T 3 2 RBROBBIC DV TRRB.

0 16:00~16:30 ABPAIN—FREBICKBAEV LR « 7104 /EROIERIREEK

RA BT GEEK -3 , 8 ik Gk - Bayb)

Tz WIAVHRZEERS CELOTEZ3RETIEEZAVTAE Y VA « 7 )V F VERIORIK
EFCHEBEREE (FV — V) DEELZBEIRTERD, HBR7 2 VIA VEATHREOEREHIRT
BT EEENMDI-.
016:30~17:00 +OEDIVIEFhIR & BEE QRT R

58 ¥ CKBoK - EfET)

RS QRT R b CAIVEMMROBEEDED I NERTH BT LERT. 56, hahu
FEFIERERD Abel-Jacobi B&2HWT, B QRT & oA Y a8k L THEEALL, BAF
IR 3 NN E <.

O17:00~17:30 HIERZ7AT7 71 —ILFEFIVICEBR MLy 7Y OB EETORIT

W0 K, &A% PR, AR B GREK - 1)

ARET, BERFTHC IO TEERHON S AVENRMB 2 0 I@ABRH T % 2 0% R T HEREK
KOWTE, KRR VI al—vay HROZEDOHEZAVCTHERIT> . ERTIIESEYEHOD
HIICERET 5 &, MBS KRELZZ EWVSIERPELN. I al—YaryTR7a774—VE
ETFNVDANE S LOBRERTEFRE/INT A— 2 E2EED SERICED > I ABROBBAN LIRS ST &
kD, EREREBRBETE L. £2BR TR, BEOHL OMERR T H 5 HREREOMBRITOELEE
ZLEFRTEICHL, KDV al—vave—HIBBTENTER. EEEMHFREIREZEM
SHBZERLEZL, BEYOMBREZI BT LICE > THEIBEDEILT BT L LEBITMNICHENSC
ENTER.

1188H (K)

09:30 ~10:00 FHEFEHEHT

&H BE G - #oEf2) |, @ 3% GERkK - 1)

AWAETI, FRABKONY 7))V N EHTH % Kac-van Moerbeke % & R 2 FDIERET
W EDBEFBREES ML, KM RO NRENERDI 2175 L ERICATELEROBEENDISHEZRL
7=,
010:00~10:30 FHAEEN &M RME

#/0 B— (FEHEKX - #HE)

1990 EELRE, 2 R FHABRRAN S ETERMOBRMAICHETH T L HMHLMNC R T2, AEH
TR BFAZEFAABRROMMD DI DOWTHIERT 5.

o720



(O 10:45~11:45  Exploring the Toda lattice with 3D-XplorMath (ERI[E&i®)

Martin Guest (HEAZER - HT)

We shall demonstrate the software 3D-XplorMath, which contains a series of “exhibits” on lattice
dynamics - including, of course, the Toda Lattice. This software was written by Richard Palais and
Hermann Karcher in the 1980s, to investigate minimal surfaces. It has been expanded in several direc-
tions since then, and can be used for both research and educational purposes. We shall demonstrate
some examples of lattice dynamics, in particular the Fermi-Pasta-Ulam experiment. After that we
shall mention some recent applications of the Toda Lattice in pure mathematics, such as in quantum
cohomology theory.

(O 13:00~14:00 Toda equations as paradigms of integrable (continuous, discrete and
ultradiscrete) systems (&Ffiz##)

Basil Grammaticos (/SVU$ 7 k%) , Alfred Ramani (2l - BYFH =)

We investigate the singularity structure of the Toda system. The approach used in this study
is through the Painlevé property for differential systems and its discrete analogue, known as singu-
larity confinement. We show that the Toda systems satisfy this integrability criterion. Both dis-
crete/continuous and fully discrete versions of the Toda lattice are examined as well as an extension
to the domain of ultradiscrete, cellular automaton-like systems. For the latter a recently proposed
integrability criterion is implemented.

O 14:00~15:00 FAFHEBFICEITZV Y P ORESEB EFI5EH)

ARE BT (OFREEMERD , DEE £ UK - 8)

IR BEMOBRFENIC BT BV ) F VBELEEITS 5T FILE LT 2 DOF BB F R T TR
BLELDOZAV, VU P VBEEBES I 2 L—va /K DT L. BBV Y YOI IIVFE—%
HOCTERRBZERL, RABNRTA—ZITDOVTHRFNICY ) F U OFEBREZRD. TORE, V
UERYORBEREBEEREVD 2 DORELEBBHKERR L. HEBROEIERFED S dIC
AHV Y bV DREDNEVIFE L KEVBIRICOWT, HIBEBDIC 5735 A— X EREFTHIC RS
e, e, BIEFBMET BI1id, BRERRDEE L, 2 DDOIXROEE OB Ay —VO—RHPEE
TH2HE=ERLI.

O1515~16:15 VY bV ABRADRREROERBERS (H7#H)

LH RE (RREHAZLHEED

Z7 KAV ABARFHABEROR U R 2EBREICHBEINSG. —DRENU > 1 L3 THEH
t35Lu>0THs THREDREMR. £5—DRMEN1>U >0 LA3BTHEERIL T5&
u<0TH3 TNZ2ADMERE. ZOARROADRIIARCAMTHS. LH L, BORILHEEK
(L33 L RERMICIZSD. EDOMREADBOBERICE > THLVRKHFBERI SN 3B,
016:20~17:00 FREELSOAvE—T (EFH)

FHBFHEE, R 3MELIE? HRE DR v E—
FHRF4 0RASERSRL LTLHRERE R XY

O17:10~1830 RAE4—tvav

(1) BEERSHFORPRAR LIEBRERBEEN
Wk 1%, XZ BS (REdK - I)
ARE TR, HHEDOEERAVUDHSRE FORMERSZ DK SRS FOBEMEIRIC T 23E
RECHBABRIOEORFE L OF% Kuramoto DRFEEHE AW BEZERIC K W ERT S,
(2) KP ABXDOBYV ) F Y OBRXFIES Extreme Wave D4R
N 88— (UTPA) , Gino Biondini (SUNY-Buffallo) , RJI IETT, it W— (UK - iSHEhD
KP AR DE V) b VHEERRICET 2 RIEOBAMER BEBICRDBBAEICONTEHET 3. T
DFEZRANT, BEXL D HRENKE (BTSN ABSESETE. COBEBIIERIICHT 2 extreme
wave ‘ERBEEOUD DD S 5.
(3) BMBICHBEEHER
HE X Gigk - I
HEEICRET MRS ERENENEEEAIOEZ S, BN TREL-SEEROBR A H
DRNICIEHT 3T L TRERTLEHEESER ENB T LR, 2B RCHREAYTRES
DA VEEHEREESNERINBAEEMRIC DOV TEEZ 3.
(4) JFRESRERAVCTERERS EICBIT 2%
HH B, &l 5h— (RELA - IT) , B8 HPe GIERFA - ARER
Rr R{H5 8% F\ 7z Kakarala-Ogunbona OERIMR 7V TV X LB A OB SR T 1 )V 2%
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T 3. TORD, BROUMEREAL T 1 WEDERNTRETH 5. AFEDOEHGTEHEDIGHICD
WTEBZITS.
(5) KENIFRICE CBRRBIV—IVERDZRIT CAILDWT

it Bt (RREHA - HT) , 8 BR Gk - 0883 |, S BR (BfEAK - #I)

KEHIERICEESRARET 2 - Xt CA ZBETS. TO CARRBIANED &K 3 /82— WHEE
L, ZO1R2—VAELOEETT IR PHEEIET . £z, BLLHEENAJEETH D FOEREIZ L
DhHIRY .

(6) M 2 BIFRIcH T 3 58 BHERERE

$]5K BT, fRix @ (BEK-HT)

HEE & REIC N 5 2 EHORFIC DOV THRE— BHEH OB 2 HETHNC Tz, HERRERE T
WA= VEFVERVT DS A7 24 L2E UHEES 2R LIEBBEELTWSC
WD, BESATRALEKDB T EHNHEK. FFHEIIRSAZRLELTSA T 2A LHEERE
RLERRERHEL 2. AROFEEZAVTCEGMEETRFRE/ NS X2 L FE L CiRiE L &
EHEIC B UMEREER L. HRTIEEEORERK|ERR L.

(7) EEOBESSHEZRBVL R OREFIE

B KP, E W GEEK - 1)

FHEM TORABGHEN T, MEOIRBHFIESHEEIC K> TW5. AR TR, mEOREOEE
DHZEX DT L TRARNEZHBIL, MEOREZNZ 5T L 2RETS.

(8) Hillman-Grassl WGDEARAIE

BRI #E GREK - B8

Robinson-Schensted-Knuth Y& L FHEN B SRR 7L TY XL 7 U R Z)VEEDOEHRE NS
RIFRERS I 2O L AR, NEEEEE) KX D BERRESREDOBFRELHELNTVS. TOH
EHTE RSK WED—DDHER L & X b B HEEHN7 IV TY X L, Hillman-Grassl SSICDWT, B
HEHECZEAL, MEFTEPROFEEZISHATSC & THISOERLNREEX 5.

(9) FAEMYANLEIOF 74— IV FEFIVTEZAORBROV I 2L —Y 3V &R

AR 1%, Y FE GER K- 1)

AR T, MAOBE 2 FHl L CEtd 23R 25723 Anticipation Floor Field ZEA L7701
T774—=IVEREFIVICE S, AONHEFRDS I 2 L— 3 r&2T-o . FTOHR, FRIOEE LHEMIC X
D EIRITHRE R ERBIAD R T BT e bbb o/ £/, I al—a icEHbET3I0AEED
HETIT o EROER L DHLE:, RETE1T-o T2,

(10) FIBEREEFLIBMDASEPIIHTZ2—ER

BH 8L ik 83
L RTERF LOBY A+ T, KiFONE & BB L U SR DOIENFHEMEHIRRE (Asymmetric

Simple Exclusion Process) Z#& X %. RORHRBRIESRBOTA2—HFERIKES O L L, B
RBEBIAFERRBRFIKELTWAS 2T 5. ABETCREFREDBFANGZELADHETEITS
TzhDIRST A—5 GBBE-B) IcHT3%428 V. ZOLERFNZERINSA—EINLHEDS
NE3BBTHMOITHROETEF S L ERLE.

(1 1) RERELICK2BARRERDGHAESR

79 BE Gk 1)

ARTE, —HRLOBEZEENICREREBEL S Y, SoABKEOKEE ERET S5THEZRET 5.
SOV Model i<, BHEEREITOENRET IR 2N, ERZHEBILT 23BRT TV EIEKT
5. Simulation DGR, BoEMNRIC L S REEAZMABE, XKARBLHFEE N, TEEHEEHEM
L, HRHNOERKREL TR a5,

(1 2) Potential Kaup-Newell(Derivative NLS) FE DR

1M &2 (@ELEEFR2ZEBIER

Kaup-Newell 21D Derivative NLS ABROfRIL, BE, Chen-Lee-Liu 2% Gerdjikov-Ivanov B &\ o>
7z{t1 Derivative NLS AERNDRICEREZ R 2L T, BHINS. LH L, TN THE, HERKIC
o> TULE S L, potential Kaup-Newell SEERDBEEX 2 LN TERV. T DFEETIE, potential
ZRICH T 2EBENTRREZBEONRESZ 3.

(13) CAIRKAWMNVEDBRBREER LI FE— 2 —DRHREIR

$0 #:WeA, AARE EME Rk 1D

A ORI F.ONSHIRE V) BWEEN—ABUTEH Y, oMl axrvarke->
TW3. ZOMFEMICIIEROPED L REA\ & R4 GMBERESHENANEET 3D, SEIEZEC TOE
URTHAEDTE—F—ICEB L.

COFFE—A—IZHMBNICBIET 2MINE LV IMWEICZ > THHEEESDY, CO5FE—2—
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METHTHELSTLE S LHROKRETRIC T BOLEBEOMBNM TN TMOEEIc K& £ /-
7. E e, MNERWRETEEMEZ TITbh T3,
CAICELBNTE—RZ—DETILIZDOWTIZRE, BLEHMERD BN, MNEDHHEE TEZERL
(N17es4AN
ZFCT, BILORBERET EICEEESES 203 A S EPHEROEFIVERNT, 2FE—F—0
BT DIRBBNERNTCH-. ZOHEE, /—<IVDA S E P LHANTHENBRNOEMY » 5 2 EEMD
THZLHAENID LN, HE EICHBWTE SWHNIEICTNF RE EMEMNEAL, Rb>TJ AMEDHEE
INGTBERE, 2EBEBENAS EPICBUI2EADHEHRMNSELT BT b o 1.
(1 4) REFEIEINY MVBIC K S BERIBEDOROER S E
Bk EE (BEEK B
BWOHARBRRCBI 2BEREZERT I, ZOFBRERLICT AT MUEREAT B &I
X0, BEIRBUCBIT BN S RORBOMEERT 5 1O LR E —RNEFE CEHET B EMNT
EFDOTHET 5.
(15) fEEELNZREMRUGET IV
IR %, @Rk ES GRE K- 1)
NEEZEDSHBREEHFREILIERE TN EELEZYIaL—Vs /trﬁu\ T DT EERNEH
Bk R LTT Ta—F2RkHs 5. £i:, é}x@(x%@ii?%ﬁ“m;m)‘é@@ﬁa LTEHERTEX
5.

(16) RBEARN\—H-AFBRAUCKHZBRERET IV
W B GREK - I
ZHGESBRETNDO—D LTHRERHUN—H—ZAFBRIC KB ETNVERET 5. — RV
BN—=H—-ZAABRICHRHATZEA LEAE TNV, EEO n ERICBOTRITICRT 282 RT.

11898 &)

09:30 ~10:00 BBV Y b ARRDOITHNMR

BH Fk, 5 KX (RO -#E1)

HERFHAER, B3 mKdV FER, BXUTAERBREERZXTIEERBES KP HERICD
W, THRDERBL STEERD RV S\—< 2 FOBEBRILIcE > TV Y WU BRE S X T Fie,
COJ%E LWERDOVY F VLT TICHISN TV 2 EHEROBEEY Y F VREDOBFEERLE. &
SICBOFERICDOWT, 27V Y F ROGERZER TS C ek, BEBEERCBI 33y 72 -7
SABETHUEET pEBE%—‘:‘m 1z.

O 10:00~10:30 MHMESHEBERFLISBShIBRARNICONT

ik FF BREEK - T) , FEk B

AE THRAEXOEBEOERICOVT] TRONERZEBRMEFAKRTIISHA L. B8
ArXiv math-ph/0612084 (J.Phys.A to appear)

(010:45~11:15 Fano resonances at light scattering by a finite obstacle and their modeling
by a discrete chain

Michael 1. Tribelsky (JUNK - $38, Moscow State Inst. Rad. Electr. Aut.) , Sergej Flach
(Max plank Inst.) , Andrey E. Miroshnichenko (Austr. Nat. Univ.) , Andrey Gorbach (Univ.
Bath) , Yuri S. Kivshar (Austr. Nat. Univ.)

It is shown that elastic resonance scattering of light by a finite size obstacle with weak dissipation is
analogous to quantum scattering by a potential with quasidiscrete levels and exhibits Fano resonances.
Localized plasmons (polaritons), exited in the obstacle by the incident light, are equivalent to the
quasidiscrete levels, while the radiative decay of these excitations plays exactly the same role as
tunnelling from the quasidiscrete levels for the quantum problem. Mie scattering of light by a spherical
particle and an exactly solvable 1D discrete model with non-local coupling simulating wave scattering
in systems with reduced spatial dimensionality are discussed as examples.

O11:15~11:45 RBRRRF V¥ v IVROBEIRIEORERME

HH HX EUEXH)

BIRART V¥ v VRICHT 2EHIOTENMMEORER MR X SICHRT 2T, BalfES EOLE
R\, TORFRIERBOR O OEDAEBAEERL TELNEH T ADBEMAMS HERD 2

DO—RMN RN HICREEER L 725, LRGN SEINS. EREPFOLHIRT VY IVIGERT
22, 5 7S5—MEBXUEFHNIBRH FORDPERERERT I HRTE 5.
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O 13:00~13:30 FRAZEADSBICET =AY FEFIVOBN

A BUF, B ki, B ER GURK- 1)

ANV FETFIVBAOHA O BB BRKUCH LT, ¥/ OGBEARELE BT 312 bDEFILT
H%5. KHEFETRTOANRY VEFILVOMEMRE RS, BREROTHERBN Uiz, ARV FEFLO
YaIlb—=Ya eEBOANY NTOBRIEREBL, ARV FEFUHNEYELDTHET ERERL
Te. BICARNY FETIVOIERZEEFEBNL, LV REORKUCEFIVETIFZL3BHLIERES
BEL.

0O 13:30~14:00 IR 2 L—FT « Y H—BRR DR T 2 XBIEEFHigE

fE4 pUE, BTH B2 (BXRRTIMEHAEE), (1M #, Ik RO (ARTX - 8)

G 2 L—T 1« Y AH—HER (FH%, 23 X7T) BEROBFIBAIEE D& - -BTELFRK
RBZELRY 5. Boll, COBRTFEM L BRHELAOTRMICAET 2 AHEEFEREER R LZDT, 7
NICDVWTHRET 5.
O14:15~14:45  (-1)M(d/d2)*M LT BTV IL « /A VBREGBREMBELNET S
VRL7XEXDRREM

Wi 5h%E CKBRK - BRET) , &5 Ma BRALEEE) |, k# & (HAK - £ET)
B0 B Gh5fEA) , B —Izﬁ (BAK - £ET)

V= E—2B ((2) = ) n7* (Rez > 1) DRI ((2M) ICED M REHRDI 21T 72,

n=1
(-1)M(d/dz)M KT BT+ VI L - /A VEBRAGEREREREZ 2. 7)) —VERIIS 2L
NIVEEREREDOL L THERE LS. WHT AV RL IREROBRERIZ YY) — VEBON B
HORKETHS. BEEBOBEICONTLER L.
O 14:45~15:15 VU b ARRICHHE U RRBE &OE a8

XI§ @ (FHEX-D) , AT FR REEY)

RBEER, VA VOV R VABKSIERE Y 2 L7 ¢ v A—AERICEE U ERBEEER L, 20
REBOZANT E 2. NS OABRIGEREBIEIC L > THEEDSII SN TV 3D, ERERDO L)L
TEDONIRMNE 5725 TV BHRETL, BRLTHOES B ERIRT 3.

O 15:30~16:00 ADRMER « BIEHY I 2L —Y a3 V~ADRIEDORETICOWNT~

i BRR, WhE K, FERE B GIEK - 1D

ADWBEHTEEREFE D L EZORIEDES LWV LDR—AKRENL SWES D 2?2 BHRETIE, A
WHEEHTLEREED L EDORIEOEIBEE ZRRIC K BHEL, ZOREN - BILBOEBHEIC
MBI al—a Vb EREERTS C L TERBNGREREZE. HIEEBH»D, BER - B1EKD
CREEEE EVIRETOIRTRA D, BEGRANEETE T L ibh ol 22T, YA —Fro b E
TWERWTY I al—vavi{Tokbl s, GIEREOMERSEERTSC LICRIILE. £,
FAERIC B U TS, FEIBLEL0E VL3 C L TR (Tt - EDIR - TOIR) I & 3 EESEEOEV
EIGROICHTETE .

O 16:00~16:30 EERHEREBENT BIEBEBRET— K

D B, Bl %, 2K BE KRKA - BRT)

RIOZEPRBEIC B AHBRREERT 3 DORMAIZETIVE LT, BIRDBEEIZE L
ZHOREDIZD (F3/8%0) BENFNOEBCEE SN “ BERGR " #E X 5. EiEHT
BBED &S 20D AT HNNAEER (A¢) WKISUTETTE—AY M 25X 2EENARPHA
ENTWVELDLTS. TOX)RFAHBETCORBBEKROBHL, BB EORETHIEERTRD

BLERED, " PE{EELTWAC L THS. ‘' EEEE N (Ag I U TIETTE— X
YEDREED AP D1 REIRDHUDBICE>TEZENB) BREL, ROBMOKE X DERME
i, RIGHRGHEZRFE2 &, BYRTERGO T T, ZRMICRE LIRS GESERET—
F) NEN%. FBETERIC, HERET— RARREBHT B OV THLMN - TC &%
WE L.

MO FX19%F1187H~ FHK19%E11H9H
2iNE 87 %4
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WRDEAFTIVRENE—Y
Wi EE - MEER (LidALETREHER)

1 HARESOMERN

ZLOHMBEMDTAFTIZARRBEH L ZCHEIWEBHNGL->TV 3. MEBEHI, REEHZHREL
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Tensile properties of ramie yarns by cyclic load treatment
o\ EHLA— (LAX)

In order to improve the mechanical properties of ramie yarns, in this study, a new mechanical
method, namely, cyclic load treatment, was developed by applying a load on the ramie yarns up to
a proper value and then unloading, for different number of cycles under high temperature or wet
state. The results of tensile tests revealed that compared to the untreated yarns, a significant
increase of around 20-50% in tensile strength and about 70-120% in Young’s modulus was
obtained for the cyclic load treated yarns. In comparison, after the individual heat or wet treatment
without cyclic load, it was found that tensile strength of treated yarns remained unchanged as the
original value while Young’s modulus was decreased remarkably, which implies that the
introduction of cyclic load to the individual heat or wet treatment plays a crucial role in
strengthening and stiffening of ramie yarns. To interpret the inner microstructural changes in the
cyclic load treated ramie yarn, X-ray diffraction (XRD) measurement has been used. The
crystallinity and crystalline orientation degrees calculated from X-ray diffraction diagrams
showed little change in ramie yarns after cyclic load treatment. This suggests that the improved
tensile properties of ramie yarns can be supposed to relate to the decreased microfibrillar angle
and the general orientation, mainly the part of amorphous orientation in the fiber microstructure.

WREABARIAVRIOVMN OOREICE T HRE R W
hE HACRKER, #Hl X, B RZ(AX), AF ENGERIEE

BEa2VRYy MUYV UVIIHREA BB SOBRSERENL, BRERICIEBLELSEH I TWS.
VR RV UVDREAD—DE LT, RABLEFAE I N v Ry b LU OBIEERRER
BRI eRBETFOND. 2RI OBENICEEEREBELEZHGE, BEL 2RV y P LY VIZBUR
NERESE FREOWBEBIZORRBIEVIB/ELINTVWS, LhLins, BREEkKIZEZ=
Ry PP OBEERXEL+SIIEEH I TV,

FITCAMAETHEELE 2RV Yy MUYV RBERBITA3RAER2FM L. AFEE LT, VY
OWIZRERT, 2Ry NP U2 HRELUBLE MBAL W . ZOLEOEHEE I RYy

MUV RBEETCINIATICE>TREL, RERIC X 2%8%, 7O F VEBRMBEBEEICL -

THEMT L 7=,

—ABCFRPOSIRFBHEICRETRERNFTROERETOWE
£ &BoUnAX-BR), Azmi Nordin(UAX-%), A FZ A4H 2—(LAX)

ABF 3213 — 57 M CFRP (Carbon Fiber Reinforced Plastics) @ 8| 3 ¥ B B 1 12 B 1 T HE HEBC

MAROEBIZIERBLELOTHSE. EHLORRICLD L, #HERE B\ CCFRPE K
THBE, BELZHEIETICHERLUAECFRPTIRFSARBENSE LNV, Thix, ME

0 820



NIRRT RBHERNABRNEETAEDEEZLNS. AMETIL, MHELZHEIY
TCFRP Z{EBICc& 2B HV, %@@Emm>uﬂbfm%RﬁTE%A%M TR B
LB, BIEBEMIRETEELAEL . W, BES>OBEMLTMNETAIEM
xﬁm%K%T597§f%?w%%$b,m%%mﬁﬁﬁﬁmwwﬁtmmbmﬁﬁﬁ
ERAR, IHE, IR UHBHEBOIS N EEEZRET S LEZENEL, = RX VHE
WF /772 vA42BML, 0/ 7 vA42HGMLizo R UBBEOEBEEL2HAEL -,

H—RoF/Fa—TERBORTERENESLVEZOMDLIaL— a3y
Q‘ﬂ(ik-lﬁ). BREBECGK-2), MNERBERUAXA), RABBERX-FHHEE)

=Rt ) Fa—TFCNDER) v—RBIEICEMLUEF ) BEMBICET 2HEBBEAILITD
NTW5A. —F, ONTZR Y ~—BIEICEDIAAR L X 2B LN D EOBRAEMEY, BT RE
D HbEVWZERMENTWS[4]. INNEMEAMICHESSExONLLE, ZOWERIRGEN
LTHIIELONTMEET 5. EAMB OB ELZ M E X323 L ONTO Rt £
MABZLEBEETHD. L2L, BELINTOREEIKO Y A ARFEFIT/HINI LR, ZoRmEIT
BAEVANRICHEET 220HENL, ZOFEKICET 2 ERMLIFADIZEA EITORRZVONE
RThs.

AR TIX, EEBFEIBHEME (SEM AT, M%kﬁbﬁintm%ﬂ%&<_&r fitiE & CN
TORFEREZEBERETS. £/, PFHAEEM)ICL2EROET MEEITV, (NTOS| &K
XkvIial—vavrl, ERERLOHELRTS.

ILA—FAavenATYREF/EEHHORMKFER h¥Ht
& HR.FBHR GERIX). BFANL mikR(E8PH)

g, 7/ T/ av— - HMHBOBRITIELIELS, T/ MBO—RBTHIRY~v— /LA
F/arRYy PREEERZED VWS, RI~w—2 LA F /) arvRIPy beiFRY~w—<hY v
2N T A ERRENA LTI R R T ) A— M F—F TR ENTEBAMBOZ L 2B T,
FIA-IMA—F—THBTEILICLY, REOBEEMBLEXTHEVWVOEELZ2BLZLEHT
X, EHRESETHEONRL >R RET Z8ERD 3,

EE, NI FYHAHE, PEHBEEICELY, FArr6e (BYTIKE) ZLA4A4T7 Y v KNCH) A3 it
RTOHTERELIN, ZONCHORIBRERLE 2V, R ~>—7LAF/arsF Py hOBMEBRA
BICHFICIRE o7, NCHOR# & U T, BEE., SAME, BB, EAN) THERERFETOND,
UL, MEOCAFEERGFECHBMEFEEEETRZ ) —TIZOoOVTOMERD RV, 28R
HBIOEMEMGFELZRE LW EXBERTH S,

FITC ARHETII. ZLANF ) A= MV LRATCHELEEFAY62 b AAF ) arBYy b
DEFBIOZ IV —THEEZHALNICTE2D1I2, BRIZBWTESRR, 7 —7AREZITV.
BRRISN EEWEoR LERIC K 28, IS L BMBERICL 52 ) —FHEMIZOVWTHELZIT
T BAONEERERLIVES -7V —THEBBR IO LS OR{EEIBIZOWTEREZT 7,

ANZANA—TATERIZEHME MW O 15 B &1 8E 5F
PUBZ(FEX-R), SREZ(FERERH, EFFSH(FEX-F),
& = REXAB(TFRX-I)

A Ti0, SERREIT. BRDEEAM - RET D RIH LML LCER SO, B
RMEHRBEATDNT VD, KTRLEITOBERDEE M - BET DHE—RNICHE
BCEESETHASALS, LY BRDEORERES LPFE LTS LDMMD S
BEAMLORESARDON, SHAORA~OEBLRERO K= 2 BB ERRFT bR

0 830



TW5, HNAMEEBEOERICIZ, Y- ¥k, PVD B, CVD BARAYOFENAVLAT
WENR, ThLOERFERI 7ot ABERET., E-RBEBALETHS., BlEhb
DFETHHERZLEOEMLRECH KRBT 2 LARBETHL. hETHRES
KBITA2MARBREOHRBETAy IV HERR—AIAVZAVT. 7ALIFTHOR— L,
REy (AB) OREIZTI 2RET A A =L a—5F 4 7 (Mechanical Coating
Technique, EATMCT &BEFE) BB L T&([13], /4TI HEICBLLEBEITH>Z LT
Ti0, R HEBEDOMER, LU ZOKEFIMELITo T&k, KHFETIRNCT ICEYTI %
BB L7k, EICMCT ICE VTi MERE EICT > 5 —¥HTi0, OBMA{LETV., ERL
FEAKMEEEOBELTIM I LA hETCORRLELBRM 2T 2,

BBISXATHREERICKDTI/TIO2 WEXMBOEREZTORHETE
SHEZ(TRERESH . PUBZ(FEX-R). &8 =, RBALA(FEX-I),
EBHBH(FEX-F)

TE, AR LBEEEBROE I~ TV AAEBEMECIY LBREORE, -8
BHatoEFARDLATWSE, Zokd, ZEXREL. KiEk, HE. BFIEEOME* H
ZATIONMENEBREINTEY ., ZHEH. T/ k8L VCEARLR LI 2 EBEXME
DR - BEIVBACED LN TS, BALKIZE2EBE/RKIIE W TIZ, Pt RAg &
DERLODBANMENZRKIZE-> THESRTWVER, KEBMGREBNFERAINTSE
DIRERERITE LY, KHETIX. ERAMRBA» LTI/  BEEHERE L LT,
IV RMBREENMBEOEREZITo7, BEICIX, WET 7 X~ BE# (Spark Plasma
Sintering, ATFSPSERTEXAVWTHEGMEZERL, toFR&HE, KEEREB X
VCHFREEELZBIT T L LI, Ti MEROBRMBIC L AR MBEBE~ODEBIZIO VTR
S;L.

F /MM D 1P B A & & R A W O (i
EXXRMWBEIXN).RANE—(ERER.ER WHEEI XK

PVD BIC L > CHEHENT AITO BRECEAULTI —4 v "2 b AMBEOFHIAN X %
Ex, Ar FTAERABIZIIIT] HEL, 02 V¥ AFEHBICIITIO2 EELARL, Thfho
HREIZOWTAINEGTHIAIM T RE - AIRFRFHE - SIRNEBEEZ2ELI Y TAHIRT 5. Ti02
HBIZOWTIHE, Ti =7y F2RV, BEAIRZICEBLLLBLZETY, 50V —5
v MIZTi02 25 Z L THELRBZ ENZEW. LHLTLI =4y b2 RAVWEBEAR P
WEBILEBEIEESD Z & TTi02 BEREZE flEL2V, LrLEECAHRHIZIYL->T, &
BARIARADHLBELZD, MEOERZFMTIOICELUTHEIEEELONS.
FEREATATHIZHERAINSAg AEBEIZBEALTIE, Al UEoBVWRHELMHERFLO
Ot EtE, MERERSEYE, WRMEZFTAIIENERINRTWVWS., £22C, ¥7 2EK
EicAg A EBERMITEPL, Cu, P)ZAIML, A4 RBABERT. ZNOOEKREWH
REI¥I-DICELAOFMAERRINTELP T, Cu, P ZHFEMTAHILEICLY, BEF
REEIBONINBEREDOA I =X A FT+HICHBHALTWARWY., ZOEEOFEMEIT
W, AH=XLRAO—BERNEFMEORRAMOEIRELRZEEZILNS. ThbD
BIRICOWTARM ZHAVWHMMABEL2BE2 L, £72X BRI X bin-plane AHRFBEIZL > TH
HoMMAEETMETY, BERABWNZITY. SR FIAVTFUEF—5RAVEESED
NEFHEIZOVWTHFMEA2/TS. TNOoOFBRICOVTHE - REFFL, HEEIZBIT 5HM
BEBLONFEFEZHLNITT S,

FT/745—FRIT LR DO E REBI<H T KM FD

0840



R EEGEMK), HEHKOERILIE), I XB2(AMX)

FAYHEOEELRBRBEOIDIZELMR LOBANL Y v X OHBEMOKENHD. ¥4
DRy FERREADETPIC—RPURZT A7 70 MBEO I 7 o 2MM2» 6% 7 5RO B KK
AT~V RO BB ER THS. LHLARRE, 6RO OBHEBEREIZI T 2 B K
X, BEOBBAMEDOBRANL102H, LALETTHY, BEEMICERRBICTRHIET S Z &3,
IRETHEIRIN TV, B, REREROSBERSET, BE-RERERZHVCT,
HEHEREFER COMBERECESRION, RSN TETWVS, #3215 OBIAEE MMM
AT, SAREBSIC CEEMICHEREZRIEST S Z L8 HERNE, EERBRESREL LD,
IVEEEOEVHEREELZRRERTEILEX N, BEEMESILPHRBRDO A I =X L2 EBH
THETHERTHDLEZD., ZhETHBEREBZAVCTIAARYOBEBEFIRICBT3E
HOPBERE R CORENMTbh TS,

ZIZT, AETHE, TLAEEDICBVTHHNERERIVCEBEREBICL 2BBE COMBMESL
HEL, MEEROBHOREEZTo-, WX T, BREAKREICBIT3EBEEEROMEEZITV, &k
HERECROtand L DR EZRAEL, BEHEEEOFAELZRFALIZOTHRET 5.

h—RoF /Fa—TRII-WEAHBORAGEERELLURBEV T AL Y ~DOBHA
B EERIEX) BMEX(RIEX- R, 8k A ELEX)

In this research, we employ a 3 dimensional (3D) resistor network model to predict the
electrical conductivity of a nanocomposite made from an insulating polymer containing randomly
filled carbon nanotubes (CNTs). In this model, with the assumption of randomly distributed
CNTs in the polymer, Kirchhoff’s current law is used to set up the system of algebraic equations at
different nodes in the network connected by CNTs. The macroscopic current of the composite
can be calculated with applied external voltage by solving the system equations, and then Ohm’s
law is employed to predict the macroscopic electrical conductivity of the composite. Moreover,
the corresponding experiments are performed. The present experimental results plus some
previous experimental results by other researchers are employed toverify the numerical results.
The verified numerical model is then employed to construct a simple and reliable empirical
percolation theory. For the application of CNT/polymer composites as highly sensitive sensors,
by considering the tunneling effect between CNTs, the present numerical model is further
extended into the case of composites with prescribed strains. The relation between the strain and
the electrical conductivity can be estimated numerically. A highly sensitive strain sensor is made
from this new nanocomposite. Finally, both numerical and experimental results demonstrate that
this new sensor possesses much higher sensitivity or gauge factor compared with traditional strain
gauges.
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Conductive polymer composites have been widely utilized in a range of applications such as medic
al devices, biosensors, and electromagnetic interference (EMI) shielding applications. They are general
ly synthesized with carbon-based fillers such as carbon black, carbon fibers, and recent single-wall ca
rbon nanotubes (SWCNTSs).

Single wall carbon nanohorn (SWCNH) is nanostructured graphitic tube '} similar to single wall ¢
arbon nanotube (SWCNT). Since laser ablation method produces these nanostructural SWCNHs in bul
k quantities with high yield (>95%) under ambient conditions without any metal catalyst, SWCNHs h
ave high purity with comparison to SWCNTs. Properties like high surface area, high thermal stability

and conductive atomic structures coupled to unique internal nanopore and interstitial nanopore struct

ures make SWCNHs unique materials with numerous potential applications as adsorbents, molecular si
eves, catalyst support, and drug delivery. To extend the applications of SWCNHs, we investigated to
prepared conductive organic polymer composites with SWCNHs.
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The making technology of the nanofiber and the nanocomposite by the electro spinning process
was examined. The following two were chosen as a reinforced fiber. 1) Aramid nanofiber. 2)
VGCF reinforcement nanofiber. As for the nanofiber reinforced with 5wt% VGCF, the modulus has
tripledcompared with the original. These nanofibers can make the nanocomposite by some
methods. One is a method of spraying the resin (adhesive) at the same time as spinning the
nanofiber. Another is a method of impregnating the resin after the nanofiber is made. The volume
fraction of the nanocomposite can be controlled according to the compressibility of the molding.
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A hand made nano-whisker reinforced glass ceramics used for the artificial tooth is developed. Co
mmercially available white nano-whiskers 9A1,032B,0; and dental glass-ceramic powders of porcelain
AAA are used as reinforcement and matrix. A wet mixing process is conducted to ensure a homoge
neous distribution of whiskers in the whisker/powder mixture by the use of a mortar. The remaining
hand made procedures and the heating process of nano-whisker reinforced glass ceramics are the sam
e as those of glass ceramics without whiskers used by ordinary dental technician. The hand made cer
amics specimens are investigated by means of SEM, EPMA, hardness tester and testing machine for
various whisker weight fractions. Slight increase in stiffness and a moderate increase in flexural stren
gth and toughness are observed. The reinforcement does not give serious damage if the weight fractio
n of whiskers is less than 10%.
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Numerical Simulation on Flooding and Damaged Stability of Ships by VOF Method
Zuogang CHEN and Ning MA (Shanghai Jiao Tong University)
CFD software FLUENT is adopted to simulate the viscous flows around a 2D damaged cabin section.VOF
method is used for the tracking of the interfaces. Some important CFD elements are investigated in pilot
computations. Based on prescribed motions and 6DOF respectively, the flooding phenomena are simulated.
The simulations may predict a physically true flooding. The main challenges, such as smeared interfaces by
VOF method, quality control of grid regeneration and pressure oscillation during 6DOF computations, are
discussed. The computations will be expanded so that the numerical simulations can be used to take
precautions against ship damage.
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Influence of a Bottom Mud Layer on the Steady Wave Making Resistance
Masaaki Sano (Hiroshima University)

The rigid bed of many ports, harbors and river estuaries is covered by a mud layer, where ship’s
hydrodynamic characteristics are changed due to generating internal waves. For a safe navigation, ship
behaviors must be predicted precisely.
In this research, three dimensional wave making problem in two layers with finite depth is solved by Rankin
source method. And a new interface condition is derived, assuming both fluids are potential flow. As the results
it’s shown that the waves on free surface are affected by the interactions from internal waves, causing the wave
resistances to be changed. This research is just on the way at the present. So more verifications and discussions
to their results must be needed.

&

Ship Performance Evaluation by Oceangoing Simulation
Noriko Hase and Munehiko Minoura (Osaka University)

We propose a new method to predict the ship performance by means of stochastic oceangoing simulation.
This simulation clarifies ship’s statistical behavior in actual seas where sea states vary hour by hour and
provides the probability density functions of passage time and fuel consumption. We show the result of a test
calculation of a container ship crossing the North Pacific.

The oceangoing simulation uses the time series of short-term sea states. We can make many cases of the
time series from the stochastic process model determined for the occurrence probability distributions of
short-term sea states.

The time series of nominal ship speed loss is simulated in the above sea state time-series. Nominal speed loss
are obtained as the solution of an equilibrium equation among engine power, propeller thrust and stationary
external forces/moments, i.e. hydrodynamic force/moment, rudder force/moment, maneuverability
force/moment and wind force/moment. Through this simulation, short-term ship responses are provided. By
using the two time series, namely the sea states and ship responses, we can make the quasi-navigation on a
computer. As a result of this oceangoing simulation, passage time and fuel consumption are predicted.

This method has the advantage that operational effects can be considered. We will try to calculate it.

Some Numerical Checks on the Acceleration Field in 2D NWT
Guanghua HE and Masashi Kashiwagi (RIAM, Kyushu University)
The problem of vibration of vertical wall by an initial elevation of free surface is solved in nonlinear
numerical wave tank based on Mixed Eulerian Lagrangian method. However, we found several numerical
problems, such as in satisfaction of the complete absorption of reflection waves. Then, in order to understand
what keys in resolving the problems are, we started studying the linearized problem and a comparison was
made between numerical results and an analytical solution provided by Sturova. The distribution of temporal
derivative of velocity potential on the wavemaker surface is also illustrated with two methods.

Hydrodynamic Derivatives Investigation on Unconventionally Arranged Pusher-Barge Systems
Koh Kho King (Hiroshima University)
Unconventional arrangement of pusher-barge systems were studied in this paper. Pusher-barge systems
consisted of 4 barges, 6 barges and 8 barges with one pusher were tested in various combinations. Captive
model test was performed on the various combinations at Hiroshima University Towing Tank. Hydrodynamic
derivatives of the systems were obtained from the model test data by using least square analysis method. For
asymmetry condition, hydrodynamic derivatives Y's, Y'w, N'g, and N'y, were added in force and moment
equations in order to get better fitting of the least square curves. Motion equations were modified to cover the
asymmetry cases of pusher-barge system with lateral force and yaw moment due to the asymmetry
arrangement included. Turning simulations (with 20 degrees in sudden angle change) were carried out and the
comparison of advance distance and tactical diameter were made.

Motion Simulations of Tow and Towed Ships in Waves
Hironori Yasukawa (Hiroshima University)
A simulation method was developed for longitudinal motions of tow and towed ships in regular waves.
Motion equations were derived of the tow and towed ships, and the towing cable which is expressed by the
lumped masses connected by a truss element. Motion simulations of tow and towed ships in regular waves
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were carried out by numerically solving the equations. As a result, the simulation shows that longer cable
reduces the impact force acting on the towing cable in waves. The verification of the present method is needed
through the comparison with model test results as the future work.

Hydroelastic Behavior of a Long Flexible Structure in Irregular Waves
Ken Takagi (Osaka University)
Using one year measured wind data and wave hind-cast data, we investigate the statistical property of the
wind and waves in the EEZ of Japan and its surrounding area in which we assume VLMOS navigates. It is
confirmed that the stochastic distribution of the wind speed and the significant wave height is approximated by
the Weibulle distribution. In addition, we perform a navigation simulation of VLMOS in which we used 144h
wave forecast data to increase the generated power and not to meet the high sea. Using the simulation results,
the stochastic distribution of wave height experienced by VLMOS is discussed. It is found that deformation of
the stochastic distribution obtained from the sailing simulation has a relation with its capacity factor and it is
quite reasonable. The result of the fatigue assessment shows that VLMOS seems to have enough fatigue
strength for twenty year operation even if its capacity factor exceeds 40%.

Control of Vertical Motion of Fast Ship
Jang-Whan Bai and Yonghwan Kim (Seoul National University)
The application of linear and nonlinear algorithms for controlling vertical motions of a fasthip is considered.
Three control algorithms, PID, LQR and sliding mode control algorithms, are used to minimize the vertical
motion of the hydrofoil vessel considered by Kim and Yamato (2004). The motion responses in regular and
irregular waves are compared for all the algorithms and also experimental data. Based on the present study, the
followings are found:
(1)PID control is easy to tune the set of control gains, but hard to get good results in every cases. Sensitivity
toward wave height is very strong in irregular waves.
(i1))LQR control shows a good performance in various wave environments, and it provides effective attenuation
of the motion with small control inputs.
(iii) Sliding mode control provides the most reduction of motion in most of cases with larger control input than
LQR. However, motion easily tends to be unstable when with the poor information.

Analysis of Multiple-Body Problem by a Time-Domain Rankine Panel Method
Kyong-Hwan Kim and Yonghwan Kim (Seoul National University)
Demand on the motion analysis of adjacent multiple bodies is getting increased for the design of large
offshore structures, e.g. FPSOs for LNG or crude oil, and FSRU. Existing studies on this problem — so called,
N-body problem — have been based on frequency-domain method or impulse-response function approach
which still requires the solution of frequency-domain solution. The present method adopts a time-domain
approach, and Rankine panel method is applied as a method of solution. The linear motion responses of each
body in the situations of ship-ship and ship-barge are computed, and the motion RAOs are compared with
other computational results and experimental data, showing a fairly good agreement with experimental data.

Introduction of WISH JIP for the Prediction of Nonlinear Ship Motions and Loads in Waves
Yonghwan Kim, Kyong-Hwan Kim, and Yooil Kim (Seoul National University)
Currently WISH joint industry project is being carried out by Seoul National University under support of six
sponsors, including Hyundai, Samsung, Hanjin Heavy Industries, Daewoo Shipbuilding and Marine
Engineering, STX Shipbuilding, and Korean Register. In this project, we are developing WISH (Wave-Induced
SHip motion and loads) program to predict the seakeeping performance of real commercial ships. In this
presentation, its theoretical background with some example results is introduced. WISH program is based on
time-domain Rankine panel method adopting bi-quadratic B-spline basis function. It is capable to analyze
linear and nonlinear ship motion, wave-induced loads, and other motion-related problems. It has other
extensions such as springing analysis, multiple-body motion, and parametric roll motion.

Recent Progress of Numerical Modelling of Viscous Free Surface Flows Using Spectral Element Method

Hong Gun Sung and Key Yong Hong (Maritime and Ocean Engineering Research Institute)
With the aim of solving wave and current interaction problems when the background current flows are
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non-uniform, we are developing an efficient numerical method for viscous free surface flows. The present
methodology analyzes viscous free surface flows in the context of the Navier-Stokes (N-S) equations and this
paper presents a numerical model for their simulation with a brief description and extensive numerical
validations.

The governing equations are solved through the Spectral Element Method (SEM), which possesses the
property of high-order spatial accuracy as proposed by Karniadakis & Sherwin (2005). In order to deal with
the free surface motion in time, the Arbitrary Lagrangian-Eulerian (ALE) method is utilized. It is shown that
the proposed SEM and its present implementation produce very accurate and convergent solutions to the
Poisson equation, the Helmholtz equation, and a manufactured problem of the N-S equations. Numerical
results of the lid-driven cavity flow are compared with other numerical results. As for the viscous free surface
flows, viscous sloshing with a prescribed initial free surface profile is simulated and it is shown that the
present methodology gives very reasonable results for the small-amplitude problem. Additional computations
were done for soliton propagation and run-up against the vertical wall, and wave generation problem by
variable pressure distribution.

We anticipate that the present flow model and numerical method produces more realistic and complex
viscous free surface flows such as evolution of nonlinear free surface waves in the presence of uniform and
non-uniform current in near future.

A Hybrid Method between Particle and Boundary Element method for 2D Simulation of Waves

Makoto Sueyoshi (RIAM, Kyushu University)

A hybrid numerical scheme to compute complicated wave problems is developed. The present method is a

kind of domain decomposition methods, which combine NS solver and potential flow solver. A Particle
method is employed as the NS solver and a linear boundary element method is employed as the potential
solver. In order to exchange flow information between divided regions, a special moving interface boundary is
introduced. In this study, numerical details of the scheme and some numerical examples of 2D wave problems
are presented and discussed.

Computation of the free surface flows using a conservative interface capturing method
II-Ryong Park, Kwang-Soo kim, Jin Kim and Suak-Ho Van
(Maritime and Ocean Engineering Research Institute)
This presentation firstly provides a brief introduction of the validated Level-set results for the benchmark test
cases adopted by CFD workshop Tokyo 2005 and presents a new developed VOF method, RHRIC (Refined
High Resolution Interface Capturing) which is based on the HRIC’s differencing schemes with different
blending and linear weighting approaches. The present RHRIC solutions for the simple VOF advection
problems show more compressive and sharp features of the interface than those of the HRIC and MHRIC
(modified HRIC of FLUENT). In the dam break validation case, we found out that turbulent flow effects are
apparent in the measured free surface elevations and pressure. The present numerical results obtained by using
a high fidelity RANS computation show more reasonable agreements with the experimental data than the
laminar flow results. We are performing further validations of the present VOF method for 3D steady and
unsteady free surface flows including hull forms.

A Comparative Study on Numerical Methods for Wave-Body Interactions
Masashi Kashiwagi (RIAM, Kyushu University)
At Research Institute for Applied Mechanics (RIAM) of Kyushu University, extremely nonlinear wave-body
interactions have been studied by means of CFD techniques and the developed computer code, named
RIAM-CMEN (computational method for extremely nonlinear hydrodynamics), is validated in several ways.
In this paper, the frequency response characteristics of the wave-induced motions and added resistance on a
ship running at constant forward speed in waves are compared to various results measured in a newly
conducted experiment and computed by NSM (New Strip Method), EUT (Enhanced Unified Theory), RSM
(Rankine Source Method), and RIAM-CMEN. It is shown that the overall agreement of computed results by
RIAM-CMEN is relatively good as compared to other linear-theory results.
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BELICHRES—BIZS L, MECRFORREZHL, HFLWEMORBEZERTILOTHS.

MRES D EER - BT
HEF: 2008583 H3H (A) ~3H4H8 (K)
28 N KBRES Y %R RHAENRT Hi6 Weol 5=

BESOT TN
3A3R (AH)
O 13:00-13:10 fRAFBHFERE
FE 7 CERKE BENFERH)

O13:10-13:40 37 FE OUNKEREETLFEN) fl HE UNKFIER LR
SERIABERICKIT 5L ELHEHROFE

Matsuda 1980, 1982 THEMIN TWEEBRRIABRIZB T 2 S ELEHRICONT, KRAXBRET )V
ZHAV, FOEBREZRLT, TORER., H#R—FELNRAE 5286 L. SKRTHRNBRLE X HBEIZ
BWT, Z2EVEEMBEZERTI LRI L, LELARR6, 3RTH2MEEEX-BE T, £b
FHLOBRETH-T- TRERIM & [R—r—a—F—3 3] TITEL . RERENEOHIEBVHD
BVWEWIRERL 2T,

O 13:40-14:10 A& By QUNKRZSRNIEZER) &8 EF (RRKEXRE VAT bR E S H
=)
BEPBRIKBRORIL/NT A —F —KFEHEIZHONT

AR TIE, =7/ NV TRONEREFRAKEZEEL, TOMBUZ X > TREIENHKRKBRD
NS A— 2 —{&kFEM %, Yamamoto & Takahashi (2007) DEF NV EAWVWTHE . iz, FOEERTR
b TEBEEREHEEHRDOA =X b X [HEEOREN- Qa (BEAREQ, HEFE a) IZHIR
ENdZ ¢ IZHOWTERT H. FEXHIEMBUCKT 2 PFREREKRBROKERIZOWVTHRLE.

014:10-14:40 &A fE5L CGRIRKZE HERMER) 2B A GEREERE BRBER)
SRKI{A—/—a—F—a DOhFE

ERRERA—/1—a—T—a VORBREE+HHICBREINTHROVLY, EERXIAKBRET V7
VBEANATOND LR RER, FHFFEBR (XF—F v VA H=X1) | BHWYELENERE
WKWEHEHRHEOEEMNRD THERINBZ LFEFIC, ThboDA =X AOBEOREGEREEE 2>
TETCWD, BRAXBERBCTRHEINZBMPEICL > TRKEA—/—u—F— a3 UBEREIN D FREN
R Lid, PHFFERBRODRIIER STV (Takagi and Matsuda 2006, 2007), EWEIWiHk A 4
= ALZHT D FFRBROEBIZ DWW ER LT,
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014:50-15:20 #H FA (REREEKRE BRPER) &K E5L GRREKFE BERFER)
SR RKK[OBEHROKK

SRRKRONEEYHM T A0, &8 LRI T AHAEEHORN, B KBYERINOEE S
DEVHBREDRICEZDIRESY, BHLBHETVEZHAVTERZ L. 2R EOBBRO#IFICIIH
REICBET DO THRKBEPBETHD. £7, ERERKPTCRER TORBHRRRATREAROE
ELE HROTR, TOHRIIEMITIIEZINEVI LB RENE. REKRKOFEED T T, KR
BOENEBOPDEN 2 TH, ZBILRBOEELBORE - EHEGFHE2EZEET S L, 2ETEAK
DO EERE SR IIMNRALETHD.

015:20-15:50 M TE (LM KZRFEE B2 PE &84 (uHKRPERERE B
ABRKXBEEBOKBEETY

AREOKKBELZHFETAT-HDICE, < bIroTWARVWKADOHEBEZ MBI ENXMETHS, =
DOEREBEEIL, BRx RERGE{RE L BEER LTV, KO L S R XBIERORS B2 &I 5
LT HETEATEMNHD LN TRENT VS (Willianms, 1996), T 2 TAMETIZ, 7O FR A7
HERZELETY 74 TETAERER L. Hx R BBEEREZToTED., BEMNIZIZ. REKKOHEH
EEAHRAT I EEZBELTNS, KRR TIE, REXZELAHRERLZIMICEL, TABREELZRZ
T EIRE>TREEREBRAEL, RIFHILEICHEELEFAEZEIT LT,

O 15:50-16:20 #I1U $—8 (Ul RZEREERE H2EBIER)
' B EW (B RFEKRE BRREEHRER)
PE B uNKRFEKRER HEH5ER)
® B (WP RERERE BEMERD
AREBKRKOEXKOBEEIEHE

ABRKOEHIEIL, HERAKDORE LA KKOKRKBREARBREECYHESHOREICEE R&H
FHOTWAH LB ENT NS, LT H20 ENH3 ORI L NHASH ARG EB L 2 KTE
MWETNVEFHICHREL, BAEFE LA H T TEROZOEREBI BV EINFERLE LTHR
IO BREE L VESHEZRAITE. ARETIE, BELEEHKETVOBELEONZHERER
ALz

O16:30-17:00 |igy & - (P ATE UNKZEKRZEE BER)
Ta ¥ T OG- FigBRICBE 9 5 BHIRFA

K& X BT B A= ALV, Shutts (1983) 1%, EERH (BAKEL) »671s—F
Ry 784%° Eddy Straining Mechanism(DLTESM)’ Zi@%E8 L7~. LA LB, Arai and Mukougawa (2002)
X, ESMIZFER IR ONAZRBETLIRME LW ETER L. F2C, SEIOMETIE, EHFTICEI VB
EFBITB O TEME RN FELZEL, EMCEERERZEZE L.

O17:00-17:30 FFiE #— - FPEEX EREKX%P BEWZRET )
BEBGEITRI R o — LT A v ORI BB 5 B ErOBZE

A= T A R FR T, cold pool DRIEIZ & 5 RO EH L& 2 R IiE2 VW E-HkmAllF THriz iz
SHMENIAET S forward convective initiation (forward CI)’’ BABAIZNh T3, b6z, +73%
BELEH LOMREADBBEEDR b—A L HET ABICHRRIEIGEB T 83bD, Zhb—ED
WX " discrete propagation event (DPE)’’ (FEIZHh TW5, KB Cik. B IEEEET NV EHER
L. TEA#FEICBTEARLHET S L C BELLERNCIPEX BB TS I ENRTE I, TORRER.
forward CIDRBA N =X LIiZONWT, BITMHELKES BRZABHTELOT, ZZiZ@ELL,

O17:30-18:00 RIS - FEEKRK (HRE XS #ErEFER)
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ABRAREICLBREA VY A — BRI OEBRE R

AZAREBETHIITHERRRE L FENIEBHREN, RIS A Y a AT =R ) B Rr—L
@ﬁﬁﬁ%é:&ﬁbéoKﬁ%fﬁé%ﬁ%@%ﬁ%bt&%ﬁ%%%i\%wﬁﬁ%ﬁéﬁﬁféz
LR THEELOIBRERBHCAON DB LR T, ZOBKR. BEHRBREVIICIIAY BRI —LD
BENEET D, FFEBIRB T EEBLKREICAY a R —NOBHIIBB LE, XSRS
W, OB OERBHEERICL > THRATAZ 28T -,

3848 (k)

09:30-12:00 RIE ELRE (AE¥EKRTE KFERBLPIEER)
HERr— VREEE) & KRB EER
[z

013:00-13:30 KA * - K fft GREPRFERER BEFEH)
FEHRERICBWTEIRSER T 2 ELAEA B IR 5 HE T

HIEREIE D T CRlFE (RRIREITR) I L » THECHER SN A ILEERBICOWVW T, 3R TEHAEST
WMIXDERET-oT, TOFKR, 2 VAV « I A—2RNHRES BIOEWIE Y., EVERBAR X
. ERREARESPRIDZENTRENT, Z OREEREHORERY . BE—BERLRBEROER
PHWTHLMNZI L,

O13:30-14:00 M ¥ (RmKZ MBHENIEH )
WEPIZBWTKEMNT 2 LRI 2 BERO %

PR T, KEMME 2 LR T2 BERICHE ) BEFRREOHEL TN L 2HAKBEZ. Kl
KBRUIT L o T, RIS, HMIBREERODR LIBEMNEODRICELAZ H T, MEKEE, BEREL L
biIZ, BEAREORKEY BUNMRIER) CBWCHBERORZERZBRILT DI LT, REH (B
FRIRIEIE) 121329 LR BRERC Lo TAE LM X 2 HEEKRELHBOIDELE-,

014:00-14:30 2{H 2068 - TN Bt (MSZATBIEAN B KRR F857)
FH LIS S SB35 5 WHBEIE & TP v A ¥ — WO R R S

WHABREZEME LI TAY v Y —ECBWT, 2OBHERS L FHET2RBSNAHE D
HFREREERICON T, 15 FEMERBMSBAR VXX —INKICET 5 HEREFLV AHD
HBT Ty AF—) EHALTHEN L, AYREEY 7 Vv 4 Y —OWBRRET HRAO LA /L
ABCEEL. ANOREBEZEMSETNL &, FREREHF O X RAHBECBMEY T Vv A ¥—D
CIRE L & FROBEL OB TR LR FRRUEBBEND Z EBbhot, Thbid, BEXBRS 7V
Vx A X —ORFERCRISN O H D HE TR 5 HKREVIHRERSE2H DL TEBY . Th6IK21T
F#LITRL,

014:40-15:10 KRB 18 - = T8 CREERZKRER B¥EWEH)
AL —T N HBEER — 2 0HEEFL—

SRIEMEAE LTe T =2 7 ARIBEAN— 7N TRICE L C A RES1E (FOM) & ARRERE FEM) 0 2 -
DRLZDHEBILET NV ERAVTEEEREZITV., METAZHBRIELE, S50, L—T7OFT X2 k
HEEhEE, FERTE(Pr, ¢ ) IR 5HEDELI BN ESE L, -, PG E LTHWE3
EREEHMR (ZH, 2006) & OHEIC XY 3EBFERIZOVWTEE L,

015:10-15:40 5 &k GREKFE HERBRERNZHER)
=K B R KY BEWERYEEY)
f AR & _— 2 EABICAE L ARBREEHO

AMEILEERIC X DA RERBORE L HESN—F DRI X 5P ORTFREL ENER CHET
LPHEEEMLE LTS, ERFEE L THIEME - P.0BHEAT X 5 R AN L @GS CEEEL. #
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EEEEZ¥RBFMICEILI TR ETHPE) TRER—FHRALRBEL TW5S, IHE TRV =D
HR—F L EBER—FHRIIEMTII VR SOELZHFL WD, SHEITHYIE L LHEDERD
2TV, BRELTAELERIZSWTEE LT,

015:40-16:10 =4 f1B (CGREBKE #HEFE)
EROHELHOEERETFOBEEII AR ~ART MLETFAIZ L BER~

THEHARMR (T =27 AR AAL—FRBSRERICBWNT, bbb —L Y IF RO L S REFRD
RERERROND, Thid, BENERICBOTH, BEERICBWVWTHHERIN TV, LELARRG,
— VL Y VATLADE)ICEROEFREFL»DS., HICH F ARGHEBRISER T 50 TR, 8K
REBBRABRTCHAARBEPBEONDI NI KRES BRRIATH D, ZOBBERZFMHET 520,
NEHENOKEHEE CTHISTRREADORRY MAEFALEE L, BEREHELFSBEERKTD
BRI ROV TERLT,

016:20-16:50 BHR &2z - Hil FBE P RXZEXRER BRBETERD
AE@mob & CHRB XN ERE 7w o U B T DOAESTIZONT

AT, BRRIABESMIHELNCE T 8MEKRLABROBEIC, BHSh2HFRB
7 IRV T X B REEE DKL & REAIRD 2. FFRFRADOKE 2R TERIT/NT A—F
THERAE—FISNHIBEDORE SOFEERHRL LTHRELITo . THRERCEERFLEZXS
&, BRAC—HOFEIZ, FLEEOA THEFRE IR T 5720, /S0 73O EE Tl
&%,

O16:50-17:20 FAR Hif GRRKF WEFIER ) B0 ¥k GEBKERFER TFEHREH)
B R (REKT BT A BEE (B%KE)
WV VA RO & H%

BVIABIBORERE & HFICHOVWTENESR - BIEER - EREHER

WX DR, BVALBIZI—EDARE CHEET 2 MR FSJOERICBRIT /NS BRANL—EDORED
AKEHMHESE, REOKEZRE»OHEAZRERLILL-sTEo, EROKBR., BZEOMIDT ST
DHEETHABDR—FEORT VY VIRNEBRTIHE L, TRTOERTRIRT Iy ABERLAEN
BED2OORBRIRERHDZ L¥bhotz, EREBERBMORDIZID 2 HODORELZRNT IHEE
#ix, EROFERZ2 L<HHAT 3,

BEIC

BRRITDLRNMERE LIREERIATI 2N TE L. EFHEREORRILBMLEEZ < HY,
AHEELXPRREZE EFMREFTRO—C T L ELS. £, AHRERIL, BEPLERD
My 7 ZBORE L, SUNKTE - SRR & BRKYE - BEMEFROM T, KRlL LTRER1
FERNTHEL TV,

RO TR 2043838 (H) ~4H8 (k)
RFHE M4 FEE R KE - BEWET
BmE 37 4
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ELRRKRRUSBHEROBHNE, 5 L REHER
WRREE  GR # (BEEREREHR TEREM)

1 HRE|L/ORERM

TI5AIRKRE - BEOFN, TENICHIFCBI 3N, RU, SOEODBLORIIEFETHS. Thbd
DEREZEIAFRREKEEML, THIIHAOBEBERUFEZHRETECLNEETH D, BE, BLOTHTER-8
W, PHER - WA, HHERRREORARFERICEIVBEANCHETNATVS. ALHREOF L EEMOZDIZIZ, B
BADBOURRERERIWESE, RU, A3 FEARAZHEIWAESENAEVORRB[EALT, HREHEMBRITI2HD
BRI NE, Bl RAZBERICOVWTHEEZEAL, FIABIZELDFERNT A — v T3 LHH
BTHHLEAOND. BESBERV—7VavT2R3BY, MRICENTHF TR, RLE0TF L ALROWREE
KX, TOESEBENIVPEVONRRKTHBLEEDNS.

AMREL TR, BOFTOMER, HEHE, SR - B2 CRE3AEROMEEVERIONBELE TS L
&k, HEAHEE2RWETIEEZBMNELEY. CTOLIBHRERE, BRAAEWEMORRMELSLLT
METsCLIBELEIONS.

2 BEABOHEE

RERILBICE T HHLHBBOM L WVREZE
NRR R, REFEL, iR &R

AAADRZEENEE T EEC ThBHEBHRR, UTRERNWILREEE, B3 EBEBZELUNICRE
TRAEZRETS. Rif, WA ANCEH T 2MERORMHEEEREZELUNICRD S DDOGE, UTILaT
MR, MREIN. LERARR, BBLTVANRICE I 2EEORMEMNERZHVTRSZ ENHKSZD
T, TNATEEHCTEEORMBHMKERD S LT, BBREAREEIUNCRET S EAHKRS. FRESE
Tk, TNV ATHEEAVEEBFROREECOVTHREICHAL 2%, REAVERZFTIROMELRTHS—
KRR MR A A ABBER VT, FAFEOZYURRIET .

BREEHS /Iy PROXRERREN
ARHEERE, BAERE

7Ty P ROFRZERBBHON Y TREDEEAFELZBIE IaL—vaYKE->THT L. fihoREzZS
BOMIHFRCHEIL, BMEFEAOSHRONRY Y TREOHFASTHZRRZERAMBOBHHAMB I LICRDE. £
DHER, REDAAFHOMLEL X, BK REN—-FRICES->TV3) LER REOKHAMNEARICHZ) HKET
DCH-oF. TORREFAFRIFNAMRLEHEA NV —-T bvof 1y FELRORKEZ I SHRET SN, L&
ORRBEKE BN A RBORMIC, HREERZZORLALZHT B bl

KiRE DNS 7 — 2 % A\ fz Kolmogorov M 4/5 &Rl DIREE
HHIEMY, AR &2, &HITH

AW TIX, BT B 2048%, Taylor micro-scale THE{L T N7z Reynolds 8 732 TH 3, ABEAIC LD
SRTHFEFEARNLROBERRBEHET — 2% 3 £IC Kolmogorov D 4/5 HRIERIE L /2. REEGIES A EERKIC
9 % % 5 — M {t Karmén-Howarth-Kolmogorov (KHK) FRRICH LTV TH I Ao, RIEKBEAL TR EEL
72X, Reynolds MOBFMBREE Ay —/VEBOHERY, ZUTHBCEETZIC LRI TERVIERBOEEAEOR
ETHDH. DNST—X2ORHKRICXD, KHK ABRRKOBBEERLANANL ORI OVWTOERNEHRANES
hiz, ERMAEERE, AFRPLOEZFUENEVR I —VEBICO > T4 EMICH L THELRSBEEZL D
LRR%LI.

—BERAIARICBITBITRIVEF—HRAT—F
B
—RBEAFHARP CRREEAT—IWVIREATNEIRVFE—DBREICNE BRI — AN L@REINE., COT R
X—AAX—FOYEBELEEREHE (DNS) OF —2@EHIck b -7, HikEHD (FY LA XELR) T

WF—LZOEEREME, BABLUATr—VOBEBELTHAL, 745 —RIKED LA/ IVXED 187 D—
BEHEKO DNS OF — 2B EITo7-. ZOKR, FATF—IVOIXNVF—RBEA T —VOBEROMBEENEIC
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HoTHY, ~ATIRINVF-GEREZNSOEROBBELE > LOMOSIEHIELIBTEI>TWVB T Lo
Te. DD, IXNVF—ARAT—F (ODEEH—8) &, KO KELERBHOZIEMIEILBIcBVTI D/ E
BEROMBBENERENZCLILEB8DTHDILEIONS.

BFRIVY T RICKZIEERILAOEEEEHSE
KA R, BmEm=E, B0 B

EMOBUEHEIRB VT, ARY Mb&t:&:éNavier-Stokesﬁﬁiﬁ@ﬁ&&fﬁ?iav—“/a‘/(DNS)‘(*tet. BE
DHVERPBONBZCEHHALNATVS. LA L, ABMEABESETE, HEDRNERSEV VS BEEL D
5. ZCT, BIHLA BB TEGBOLHRVBTFRIV YR VETORBEEZELZ:. ARETR, —BSHLKOK
MUEE, BFRIV YT VEICKLSD DNS OBRE ARY MIVEEI X 5 Navier-Stokes SR D DNS TORKR L » 1
B35 (LRBO—REBE, BIFEENIEVEREZBONES, ZRIVE—ZARYT FUREHARY MVOBE
BEHTRES—BLAabol. BICEHARY FVICEL TR, BERBIcY—272BO#8EA Y, AKONESF
BELTOBFRVYR VEDRF—LOBARAEERT I LN TE). —AK T, dAEMROEmTIX, BFRILY=
V¥IC & B DNS A Navier-Stokes ARRILDODNS L HRTEHEL O LEWERSB-.

B FOEFHEE & ZOEARNOEE
A

It is proved that the famous third-order structure function of the velocity in homogeneous isotropic turbulence derived
by Kolmogorov implies the statistical interdependence of the difference and sum of the velocities at two points separated by
a distance r. However, this is inconsistent with Kolmogorov’s hypothesis regarding the difference between such velocities,
made in 1962, in the sense that it implies that the statistics of the non-dimensional prefactor of the velocity difference
are not universal but, instead, depend on the velocity sum.

BHHBRIONE— TV O —BRGBH
AlgsE—, #ERH

RESPHRLTVANRE—V LV b uC—BRABRERE, BRAEZRELL, H2HERICHEbNE /I 2—
VEBEXLVIOE—L LTRHRRIIOEHERZRBR OIS FETHS. fAlcbiz, chETSy FOBREEEREDOL
NIVORBITE, REONREZ—V - LV MO V—BRAIBHICEDT->TER. ZORR, KS4X—Y -2 bn¥—
BRI, SYrORBEORBREREOLAXVORRICERATHIZAbh>TEk. 22 CELIR, /84—
VXY POE—ORENEEREERT DI, HELBEESLETIEERRAOMB YL LTHT ABRT %
TR, 22—V TV O —BRHIICEZ2BRE2To 2.

ELTRAEME R & RREL R DA DR
SREEE

S=YLF4Y3alb—aY (LES) OY T FVYKRRT—)L (SGS) iKHTB—EFILE LT, Hthery
AT D, HERE (B2 VIEELRMERE &, FRELKOEEZHVTERENS. Thid, S FRERRICH
9 % Helfand DRND 7 F R I—i2koTW3 A, REILROEEIECUNICH Y ARRICH->TVIHICETL E
MHEARICNTILES ZEXS L, CORHNZLBENERORNEVBRTE3C L EEBRT 3.

Duffing IRE) FRORBEBEMAR I L EOA—L Y YBINT—ZIRT ML
BKILE, Z¥E, OGHE_, 22, BKE—

ERZEHOMEH O dynamics ZERT 31D ICBRAS W N B HE FHE (H. Mori, 1965) 2B LT, A4 X
ELH D random %% 5 ¥ D dynamics ZL R T I HREHRRBEHFEXNLEH T 2 FERHENR AL A AEEO—D
T% % Duffing IRV FRICEA Lz, O formalism IZBWT, EvNa7haREERAFEINNENN, BIEERLZ
) Fourier-Laplace T 5 2 BHEBERA RS M 2EHENBENICRODZFNEE->T, BITHBEKRE 7 —XRY
PUVOBEZBASMCT S, SH, RT—ARZ MVRBIABENHO—L Y HE— Y BEEERARY MLic X
hERFTENTE. -
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RIVF 757 2IVEHAFARODREREST W EBRRLERD IS V2V R
JI1 6§ Fe =

BOEREEEZREAHEORERV AT LICEENCRONS MHEAL R OEPEHEHREDOS I oM
DT EGHREAERR L. EHREERICPEOTAL LT TR BENICERMT, TV Tik, RO
REABAZEMIaL—varveaih e/ N E A ERTY /0 ERHET2FERXBBCLEANLLT
W3, baker’s map, BX U, B &Nz baker's map DEAEBRBFILBNT, WHEBHRLVLSIBEAVCER
BRI EFMET I LN TEE.

F—RELRORE MRS IC & TR
B KIE

Inhomogeneous turbulence in an incompressible viscous fluid is studied statistically using the cross- independence
closure hypothesis introduced by the author for closing the Lundgren-Monin equations of the multi-point velocity distri-
butions. First, the turbulent velocity is decomposed into the mean velocity and the fluctuation velocity around the mean,
and then the equations for the mean velocity and the one- and two-point distributions of the fluctuation velocities are
obtained. The mean energy dissipation rate is expressed in terms of the fluctuation-dissipation integral. General statisti-
cal characters of these equations are discussed and a few typical distributions for inhomogeneous fluctuating turbulence
are derived as the solutions.

FFERENT - FREWEFORBICHT T—HEBREE-—BRBORRTHE—
B IR X

IEMEMEE - ETLHRA N ZOIBTRELRME LFTEHIRE—TH KL EREMERBUEH 2007 E8 B
21HIRCBMTHMTRMA L 72, TR, KREMERNCERED T, BEEHT 3N EBODORHMFHOKR
EARET R Z R REBBI MR R T — AR Y PV DOAREHIHBFOREAR TOHBELE L DBEOBEDHED SIED
BERCARINEKEERHBRE LAV ST I/ ZARBURIIMAEE T2 YL, HORLMELZO—H
EHTBEARGHROBERBRNS.

HLROBFILAREMREICEIIZR T~V JRI
%38 W
FEEW, RUZNICESTRESNBZ RV TRAAS— K BIBZERELZOXY—Y YV FHICDOWT, kB
BEEBEE RO T~ X (RABF R 2048%, Ry ~600) AW -MRIF2{To7. BIZHEE -8 CHLYE (Extended
Self-Similarity; ESS) £ ZD A7 — U Y TBEOFMICOWVWTRIRETV, Xr—V VY VEROBEE L ZOWERICD

WTHLMI L, EREAREBIZITIINF—BAOHCHURKA 2EBM I B L EARY VOB RITVL,
FOREICOWTHRBLI.

A4 FRRROEHERE S 2L -3
BRL S, 28, ATHSK LAE—

ERETBBEFOI0A PSR FROEHEFAUT I DOERBEY 2L —avEOBRICOVWTHERT-
TV'%. Smoothed Profile k& MEI0 A FROBEEBEY I 2L —2avERERLL, g4 RROWKIEME
BEEEBLUBK _EBHEFHAZMIILICRILE.

Nikolaevskii &,
H A

HRENNHEOBRNPEFEU LA LICKY, EH—REDIUE—F2EORBRETS. cOX>3h5F TR, ZHA
MR EBORBEERMEEN, — BB EREHNSBERICHEENA ARLFANEZIEALNHZ. BT, TFLVE
& U T Nikolaevskii AR EE, BOLOXRRABEEZBNTS.

BRLERER, HAELCEERLETITBY OBENHEHE
B, MARRIAT, PHIEX, ITE BE—

HFICEALTTE Y@, RACEERXMY LAL. ARICABTRIMAZ TE-EoPBRELT
RIS ChoDBEMEERIER EHEREKEOBMAICELEEZ 3. —dEDBEE2ERLLE.
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h# X - BLROFRERBEE D 2 EilE
REE, MR

AZA - ERE, BEFRELFAMENTHY, TORMAMMKU.() ORI, NPLY—L (it <) T
&, ATREBAFENIL—LYARKIS>THEIHREN, BALY—L (> M) T, b A ABEEEDLFMEL 2,
FARET IV —BRICEoTH b E NS, Lieh>T, BREMMN Ua(t) DB, KL I—L (¢t > =)
T, BBEHBEHEUn(t) = ocexp(—Tnet) LEBD, HA R EALRIBELRDHL Y — L (¢ < 1Y) T}, REMEE
Un(t) = Un(0)/[L+ (1nat)?] BT EBRM LI, LizhioT, RT—RRZ MV, ()i, O—LYYBY—2Sp
BUBEY AT hBT Lo b, 2hbik, hFRERICHS Kuramoto-Sivashinsky AR RX B & ¢
ﬁiﬁiﬁ(f%ﬂ;;gbcowr, R REBBEB Un(t) BXUIT—ZART MV, (w) PEBBEFET S Lic X LI
ANELOT ;

BHRELROIRIVNF =R MU
HHE %, Bz

—RRE T L EBIRIKELIIC Lagrange # D AZEL (LRA) ZERAL, BE/MEKTORIINVF—IXRY FVEER) =
E'(k)+ E° (k) L BETRNF—RARY bV ER(k) = E¥(k) - EB(k) #R® . 7272 L, E*(k) I3EHT 2 )LE— AR
I bV, EB(R) BREBIINVK—ZARY MVTHS. BENKELIRXVE—ZRY MU E(k) = 246/2BY k=32 2 12
LkWQEH, c@TXVF—HGRR, B, IMBEO ¥O—FEMH O ZRTEAME, W Iroshnikov & Kraichinan
DRAFMLEBELTWVS. FRBEIXVF—IRT MUIZDWTIR ER(k) = AReB; k™2 L xofz. BRATIRR
FORVERTERAL ARDEBNFMEE T/, Fid, NhEf-—RSAEMHD ALHOBEEREY IalL—
vay (BFRES512%) 2TV, LRA THONLIIVFE—ZARY MVORIERTo 72

Soft-mode turbulence in dissipative system
Michael I. Tribelsky

Patterns in dissipative systems with weakly broken symmetry are studied based upon the simplest canonical equation
(generalized Nikolaevskiy model). The generic cubic dispersion equation governing stability of steady spatially periodic
patterns is derived and analyzed. A domain of stable states in the space of the problem parameters (stability balloon)
is obtained. It is shown that the domain is characterized by unusual scaling properties, so that its different parts obey
different scalings. The results obtained may be applied to describe instabilities of advancing fronts and interfaces, pattern
formation in reaction-diffusion systems, nonlinear evolution of seismic waves and other phenomena.
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The instability of a vortex ring is studied by direct numerical simulation of the Navier-Stokes equations. We consider
a vortex ring con.ned in a torus. The exponential growth of various modes is captured by direct numerical simulation. It
is found that the vortex ring is unstable for all values of the parameter e, the ratio of core to ring radius, although exact
parametric resonance is limited to discrete values. The structure of destabilized vortex ring is investigated in detail.
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Spectral direct numerical simulations of fully developed turbulent flow in a straight square duct were performed in
order to investigate flow structures at low Reynolds numbers. It was found that turbulence can be maintained for
values of the bulk Reynolds number above approximately 1100, and the minimum value for the streamwise period of
the computational domain is around 190 wall units, which is roughly independent of the Reynolds number. The flow
state at marginal Reynolds numbers exhibits a 4-vortex secondary flow structure alternating in time, whereas the fully
turbulent one presents the usual 8-vortex pattern. It is shown that buffer layer coherent structures play a crucial role in
the appearance of secondary flow of Prandtl’s second kind at the marginal Reynolds numbers. Coherent structures are
observed to affect the mean primary and secondary flow even at higher Reynolds numbers.
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(3) 3-D stress analysis of dental implant with model bone
Lihe QIAN, Mitsugu TODO (RIAM, Kyushu Univ.), Yasuyuki MATSUSHITA,
Kiyoshi KOYANO (Faculty of Dental Sciences, Kyushu Univ.)

With an increased application of implants in dentistry for rehabilitation of damaged or missing teeth in
partially or completely edentulous patients, raising the long-term success rate of endosseous implants has
become critically important. A reduced long-term success rate is due to various reasons including
biomechanical interactions between implants and jawbone. Although such biomechanical interactions
have been recognized to play an important role in prolonging the lifetime of the jawbone and implants,
the underlying mechanisms are still unclear. It has been experimentally demonstrated that an overload
acting on an oral implant can result in loss of the marginal bone or even complete loss of osseointegration.
The loss of marginal bone can cause loss of implant, leading to the loss of implant function. It is also
indicated that, however, if the strain or stress is below a critical value, disuse of the bone occurs and
remodeling results in a loss of bone, i.e., atrophy occurs. Therefore there exists an optimal stress/strain for
the bone formation, which is closely related to the design of the implant, and dentists’ clinical operation.
And therefore, in order to reduce the implant failure and to protect the surrounding bone, a thorough
investigation of stress and strain distributions in the bone and the implant may be of vital importance. The
aim of this work is thus, by means of a finite-element (FE) analysis, to investigate the effects of implant
size, implant insertion depth and loading condition on the stress/strain distributions in an implant and in a
jawbone surrounding the bone.
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We propose the non-contact displacement measurement method for various materials based on laser-induced
ultrasound. We illuminate nanosecond pulse laser to the material surface. The various kinds of elastic waves whose
maximum frequency is several hundreds MHz are excited by laser-induced ultrasound. And then, only elastic waves
which depends on the thickness of specimen remains selectively. The elastic waves occur displacement. We propose the
collector optics type Twyman-Green interferometer as non-contact measurement method for displacement of rough
surface. Using the aluminum whose thickness is 1 mm, we can detect the resonance signal of elastic waves and the
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resonance frequency that is 3.8 MHz by FFT.
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(7) Hydroxyapatite Formation on MOCVD-CaTiO3 coated Ti
‘ Mitsutaka Sato', Rong Tu', oTakashi Goto', Kyosuke Ueda', and Takayuki Narushima’
!nst Mater Res, Tohoku U., 2 Tohoku U. Biomed Engr Res Org
Ca-Ti-O films were prepared by MOCVD using Ca(dpm)2 and Ti(OiPr)2(dpm)2 precursors. The phases,
composition and morphology of Ca-Ti-O films changed depending on the molar ratio of Ca to Ti precursors
(RCa/Ti), total pressure (Ptot) and substrate temperature (7sub). CaTiO3 films in a single phase were obtained
at Tsub =973 and 1073 K. CaTiO3 films prepared at 873K had a dense structure and smooth surface. CaTiO3

films prepared at Tsub = 1073 K had complicated rough surface with a cauliflower-like texture. Hydroxy-
apatite (HAp) formed in 3 days on the CaTiO3 film prepared at Tsub = 1073 K.
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Tablel Principle particulars
of the buoy model

Total length (m) { 0.9155

Diameter (m) 0.165

Main Chord | 0.130

wings " Span | 0.260

(m) I, | 03275

Tail Chord } 0.100

wings Span | 0.200

(m) 10355
L ‘ Weight in air 18.837
botto m‘\ - (kgf) in 03 ~
\ water | 0.3
“TTransmitter BG (m) 0.04

Fig.3 Buoy model
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Fig.4 Overview of experimental set up

Fig4 Ion3 & 51z, =l —ic X 2 EMME
X DBPBRIMTE LB LT, 7 Nl CPU i BE(L
BXYVEEX, KFEFTOT A OEBERES RIE L 7=,

3. ERERRVEBE

HMHEERIERO—PI L LT, 7410k o TR biBiE
Gfk & U TRV BT RIC BB B 5 58 0 ER
#ER% Figb5 1R T, RIEIRTERTIET A OFBAE
X D=0,00& L. B3~ BEIE 2 (X D=(4,0 & L
7o BRI IEEREE Y L — TR & R B RO
RERELTUVE DT, BEAE % B0 &3 5 %42 0.5m]
DFERICT A NEIE LR, SEEEITRT S5, SEO

ERTIE, 7 A IFBIC LY BERE~OBEHELT .,

X|[m] Target region

05 10 15 20 25 3.5

0.00
-0.50
-1.00
-1.50
-2.00
-2.50
-3.00
-3.50
-4.00
-4.50

Fig.5 Trajectory of the buoy model (X-Zplane)

EERFER AR L ) B4 S TOKTIRAR 1.0~
3.0[m] DALE TiXFig.5 1281 5+X—>— XH I 0.1[m/s]
T, £ DORUDKEIZIB N TIABHAOKBETE L TW5 7=
H— X+ X FRICHA TV B, Figh KBWTT A Zh
LOBROEEEZ T TN, HEGEICEHEL TV 3,

SEIOERICL D KRR T 1 OEENCE X ZHEBIK
EVI LR THERTEL, SBROER T A 2 RHMT 5
B, 7 A DDA - 2 EEICCRREIC BEALB I B
T HIEDITH, TAEHROEBLEDBHOKAFTD
BEERL FRICHEET A2X4EN DY o TTAHAED
BROHEET ILERH D, BEETRHER LA D&
BT 7 u /7 M, BETRLRDKKOEHE, £/t
Fig.5 TRTEROKMEERTEDZHEANTT A D
FHESEE S I 2 U— N LEERE Fig6 IR T,

4 current
*

Z [m]

Trajectory of buoy

X [m]
05 00 05 10 15 20

0.00
-0.50 4
-1.00 - «
_ -1.501 4 current
E -2.001 «
N -2.50 1
-3.00 1 * Exp.
-3.50 | — Sim.1 (using average current)
== Sim.2 (using current profiles)
-4.00 1
-4.50 -

Fig.6 Comparisons of exp. and numerical results
Fig6 ioRahd &8, KigmBsEohE, 74
DEBOWELRERIT) ZERARETH D, 5%, K
FROHEFEF B>V THRE LTS

WF JEAE A%
MEEE =, FREH, AERM, FRRS, CEXRS (UL
£ KIRRE), THEE WNKZE SR HFEFER)

0 1180



KArOiy MNRREFEEISALGRBERREOE T
ABERY KW BEMERE A Sk

B8

LRIZIXTEE | OBERIZEENIIIRLRO 720, BB O EBRRAPE R, BEBOFHFETIDS
BT 25 . LAL, 2<HBOKBEL - EEMIZEL L, BEBEZENDHVLTEIENTIRN.Z
D—HT,KPEEETIBYOHEIZFEDSIZENII)EHBINLZLBHILNTEY, B se
LI DERERAENFRZBELL TR TEIZLH/FING . AMETER, FO XM B DR REEL K
B THHREEH plesiosauria (2DWT, #5888 Long-necked and Rigid-bodied Instrument
(LoRI) 2B U HRMABRZITHIZLIZEY, FOEEBRBRAEHEHRU .

RS &

REEHOWERELEHRL /R % K b TR
U, BELNZAEAT SR 23 RIL 72 BRI DO g1
Hydrotherosaurus alexandrae DRERIEAR DI
{7 —& (Welles, 1943) IzEJ¥ ER% 1/4 LU
.25 2.1 m,MEt 9.2 OEEREDETIZRIE
0.8 m, &% NACA0012 DF—/3—8% 2 N
5 (K1) BEROBROIUT A (GRMA)ITEETEET
5. BEDORLRTROEY LB DT,
IR EEB O I EDH P AKE 6 45
FHREAS R E S HEHIEW IO ARV
2L TRMEEICERE 5. ZORMiEER DR
BT, BAEOWALFMAREET .

KAEIL RVERER D F RO R AV R, T
JKHE T 0.58 m (iR 25 'C) 2HMiL . & i E
BRCIEE, BORUT A, DM XIIEI T, RRELMTHRYELE 132 HOEREBETEIILT, &
INTAZE FI-BHIFREDEFRERD . HHEEIL 0.2 55 1.4 m/s THEREELL, EEH RN BEDM
IPRREAROITA (WA) IXTNTh £30°LLERATEIHOARIXIISUTCERIT bY)o/k.

B 1:£#i /5 5R% LoRI DSE.

REBBER

BAES LURTROBORKIEE BRL LT THEEE, T HE, TOW 2 EOKRIIDESIEEA A
WEUZ.ATABREHERICEZH AL 0.210 THAE.

BEHINRBEOADMAEZEIEIBEIIB IV ERT S HIFHE 2504813, ThEhiig L
75" 4" BETHD.TNENIRE LT OBAICERERDBHHELS. 5 HEMHIBE LV BIEHA
2 HIRBE ARV IR (HELERE) OFYORBENDOE—AV ML, ITROFGE LIT254CI30EE EiT5Mm
I BEOHRE LTS EICIXEY TR SIER T2 58 AIXRTHR L HIZHR T 12°, 8% LW
15" CTH5. LEBMETDHEIDETIZ,NACA0012 D RTEBLIZEZVEPHTH L. BIENELELT
WABBEITEAIRE—AVIDIREINHE L 25 5B AEDOMAMNLEI " TRVBEDELEHTER
W ETORER, FIERORDBADRICZ BEERITEDONL o7,

BEOMHDAEEMIEZIHE, “HOREWAEBLOICKEIBHEHRECS. LEAIZE 127, N A
AIXE T I'BETHE.MBIOE—AVNMLIEL IR KIVEDODLYTIGEVVETHS. ZDIEH DX
REBRMERH), KBRIZILBADEIINUED T—RS 22 ELEH, 0 O EICARRER L RSB/
IWEEAFEETS. ANADOEICH LT, EIBVDO HERBENDE—AVIIED T4 —RN\W %525
IOTERTS.

01190



ZR

T, ZHhETIZ LoORIZAWT T/ EROBR LM ETERTIBEOERTI, EINFLEKLER
ANIWEDHZ AN ZORRIZMBEDERDOAELECL LD THY, — HDSEOERIZHELAHE
IXEBRIR R RORPBLBELZEDTHE. VT HOERE, OB KHETI1T 1V TUTVSIRE
YT 5.

BRI EE X568 DHRBENDE—AY ML, FIBOEDNAZ2ENTNEETIHEOMBELOE—
AVRE BRI AN AREXBBEDRENDOE—AVIMDRLEDETCHABHETE, HENTE—AV DD
LOMREDHFESFEMETES. 200X AL ITRIIRLZEI2ML, BRIIRENTILO/EALTNS.
DF), BRIGFTRAZTERKEREFE S EFTHRTESR LS, BEOLSHNALBICH>T, 2 o+2NHH
2RELNLGFKRIVETRITNIZRLLRV AN A2 LI EHRBRIT/NIOCEEF O TUXT TR
D, ZDBEIEAEEIFEHIPE—AVIMIIUNINWI L, BT OBIZE UM G RO 1PN D E—R
VIDMFEMMKRESERRD LD, KEVWELERRICEHRNZEMN RPN 2R TIZLIXRTRETHD
LEZOLND REBHOBPIZL, ZRNICRUTEDEWZL 70NN, . ZDEHBREDTREMOEHORD
DIZERBEEBEZMRAS. ZOBEIE, EHRE2EUERBTEUI REBRE—AVMHEKTE2DIL, EXABHER
DBELRD.

EHERIIERIKFEZZEL T DI TIREL, Z8HEI50— N OBROPIE - S #EHEIC L>TH %
BTOWEEZLN TS BRI ZENICKEREE AR TR E 2R 729720, BRI IE VT -
LIXEZNL, T ROL, MEDOAEAVCTH BTN EZILNS. AERIIPIE - DRVREOAEH
BREBIZeYELH, N IVHBRIZIAR2E5EZ 3550 2BBHILIZTE~ 1.3 H), 28I UAHHICRLT
WRIZHETEDZITOHE I AIZAT THRZLIIBO THEZ L Z X LNE. 0, KEWETHNER
SICHIETEI DI LIRS,

IRV TOREEHIL, TONMHERIZRL TARLEIDOFETARIMENS T RTRVARLIIH I h,
T5A4T 1T 2 ERETEIORERBIBEINTEL UM L, RELTT SAT 473501018, %%k
F7 AR R NIUABLS TR RS RW. 72, RO SHILEKDIHIT L 25 EXLNTELMN, T OB EIX
MR TINERIBRE N EALTEBLRY, BEMEOR EIZFELHS.

WARDREMEIIBEZESERRIKEER 2> THREINIM, BHROTEM 2T 8Bt
AERBIFEOTHERNVULAL, BELKENII B BB THS. /-2 21X LoRI TIXEDOEBAZFEHL T
5720, TDFREFMTIBRENDHS.HDVIE, PPORBLKRTIZH I BIZEERRROPHEE» D7
HEEMEREE DY), F I RRBORWERRENEENS.

mroR AR

LN (HZRARE, LEERFRER HEPRR)
R B2 (AR TEEEN, FUNIR S 5 70 R 5 FT)
¥H E (BroEta i, AL HE R E R B F )

BRBE
Y H E (2008MS) HRIRERIZ L5 REEEH O K RE ) M, LiE K K2R B LR

& ik

Welles, S.P. (1943), Elasmosaurid plesiosaurs with description of new material from California
and Colorado, University of California Press, CA.

0 1200



AIERY bL7aRSERWNG Ty FRGRORY FOESHHEICET MR

1. BB

BiIRR Iz TEHEOREESICEEY 2 EUFH <
F) FARBEEFICLD L, BERERL LA
RBEBEOELBRBI TS, TORKER, BHR
ORENILL L, FHEERAVKS LTHBETAERLE
T, EREOANER L THEREORRE—F
KERFBELZ->TWS, Z5 LEHERILFEMLE
HE AT 5D OWBEREREICET 2Ry FoF|
AMREBINTVWS, BEBRICKT 2HEREICI.
B BET, 1~24 TCRENTXAE PRy k
BEBIN TS, RERTOI Y I FA T VRER
ZBRERE» D, BEROAECERBRE E TFEK
KRIETED IAL7Y y KRRy k) KR
RT3, Bz, WoTh, YITHIRAMICER
TEAHLHOREPER IOk g BRER Ry 2B

Lz, REBEAEICKRELE, BROLTHRIENTE

HERAWEP Ry b (BB ROV : Wireless Remotely
Operated Vehicle, LAF WROV & B&+,) L7KiE 30mE
BEOBER TRy — 7V 2 AV CHRET 2R —
IAR#EP 2Ry b (Untethered ROV, LLT UROV &
BT, 2BHCORTEDINAATY v FEEEP R »
FNORTFARBELRE, ThCEELE~A 2 H#H
YRF A, REY 7N =T, BEEXBRY 7M. b
Ay bF—FBERVeRy h~FAHRIES AT A
DRAREIT -7z, HEFEERL RERERBHEE
BRAEROCEEBR TITRY, BREZERBEONED
THET 5,

2. ATy FEORY FOSR T LR
NATY v FEfho Ry b L LT, EHEIWROV &
MRS —TNKIRVET VF o F TR TES L HIC
TkRULk, RB1IZSEEFFICBHRE L, IRV 5
CHBEEART, KO ROVI B S THIB XS I,
B #Z% 330mm A5 220mm ~, ZEPEES 75k g 5 30
kg~Bh &g, aray MeERBHIZ, NV
Ryr27ux7% 1 BEKLE. B2 0TV K
BY ROV T UROV & WROV BFD I 2T AR %R, &K
BREANEZ DT THRIE LRV & LTHE

01210

iR TEXRSEMERBEIETFIERN RE &

AT&5, B2, URV & LTHERAT 28/, BiE
LTS —TAMITEIVER L. T4 D bHEN
MELEMOTF— 7 ERIIEREER L, Z0RE,
RS D 400mRE 2 b, XBPMBARET, Iy v
VERBTEZLII ok, WThOE—FTHE
B7aRicLVlEPeRy FOBREEZTRV, BPn
Ry BB LTHWAGPS, EFa "R, VFH— &
BEF—2%3, 72 PHLTEREDOFETE=F~

mEEhd, R3RKF—FEEVATLARETT,

WROV UROV ROV #cfk

‘ =23
B
\\\\ﬁﬁa

- =
== , |

= un BT B2 223 (Rovis )

E3 WROVF—HFEEIVAT ALK

3. RBERRUER
(1) ROV EBHERERER
ROV3 B# % UROV SR CHEAT 2B EIL. 74 2@
CENRBN, NNy 7 FaFEERLTWS R



HIT, B - B ERICITERBIER o TV, Lk
L. Ry —T A5 L0, B - # EEESEN
7o, TOEFERE LT, /I8 21 X727 &3
oy MUEIZ 2 @3, €O EERE. IR
BRBAMICEIT SERARE - LKEDO THY ¥
Y| WERBIIToRORR4ITTET, NIy

TR wRisect

;zﬁxé—mtfu
L—:—j_&w‘i@éﬂlﬁ__l
ELASIER

BARBREE

B4 BREICRIT 5 ERSE
27aRIOBBFEIV AT AT ERWEEFNRK 3
BES DI LERB L, FORBREKEXEE=¥
TRELET— Y EEREREES IR T, WoBEE
BHMITLEZEEZRLTWS, GEF—FDx5—
bR ERRT—FBEETo -,

Pevy)

B

5 BEEXRE=4 L GPSIZL 3 ROVELEF
(2) ROVay be—F OB

WROV B UF UROV THRF—4& 74 —< v NORIAR ¥
AIVIDRRDIEEDE YT —F 2 BHEDOER
T T 74 ANMIRRTHUERHD, PSoC v 2V
A— FEFHICERE - BELAZ. M6 ICHERLEER
ERY, Ay PCEREOBVWT -4 2 KA. &

ZETOREZALTVS(ES),

6 PARELPSCay ku—3
(3) #h oKy NS NEEEE
BRI A LR a Ry RS —T A TR

0 1220

TIyya 275846, BEME. Hi, BEEESH
LRTNEERN RV, REFEIX, PLD (Programmable
Logic Device) ZMWT, B/IEBIEEL 27 A x5k
BEL, FMERET -7, WomOERIZHLTT
cmBEORETHY, BEETHDIILERLE,
FRELL PLD RAIBRUCHAZRZR 77T,

]
s ve
— /
54
a’ s
K2 —
: I
4 1
o
[} l 2 3 ‘. s '
EEMIm

K7 BEERRUHAER

4. %

KEEA L RBRAZBA LN, BR (a7
Yy FEIfFh Ry b 2FRICEAR L, S%0OB
BELTE, A7) v FEIROV L HER AUV & O
EEDILTHEEFTIZETHS,

B#IC, AFREMESTIICHRY. ANKEER
NEFEFONFILEER R UFR B SR IITE
BRTHECTREEZTHE S L, ERCIHRERE
WRERICHHEEIFICR Y  LEECRBHVELET,

5. BRARREE

* Kosei Shimoo, Takakazu Ishimatsu, Satoru Kishima,
Nobuyoshi Taguchi, Yutaka Nagashima: Development of a
compact untethered remotely operated vehicle, Proceedings
of The 2007 International Conference on Mechatronics and
Information Technology, pp46-51, 2007.12

‘RIS, KL, EAE. TRIEE. BOEA:
BRI RO NN AT VR B P o o OB S,
ERIXEBSHEMERHARESE 4 5. PP35-42,
2007.12

"RBE TEHE.HBE BoER. 8L
Em:ayRIMALTY PR oRy DR %
SE26E R B B BFES M IMEIRHEES . PP.65-66
2007.12

6. MR

- IEREE RS, HitREFESET TR
- B IE  TREE, EHEREHF

- FIRREEA  PREE, FUNKER AR
cRRBAHE  NFLE, UNKRIS TS



WA T — 7 U@ < RIS 2R3

WIATBUE AL PR RS WLyt ¥ —

TP AR T2 7 F A
BE BEFE

HRE -

HERIER L OFRR R ICITBESRBTRTARTHY | KW THRIS KEBICBEED
LVBET — 2B T 5RIIIKPE—I AREDLRFEETH S, . BELTREE
CHAKPE—7 VOBBABBFEINTWS, ZhbokbPr—2 L2 K&GEHICERT 512X
TRVX—HBO LVMEN TR TH HMEEZHREFTILERD D,

ZZCREICBRES, 77 Fax—F—BRET DFHEESN ZRERRIC X 3 AER
BRCEAIL, MAREFORIERREHC T+ — 3w s T3,

HiE

WBELBEBREDZDICIE, BERICLZFABETH Y EEREY —EICLTHHT
— R RENIRNE DT D7D, E— 7 uiTxt LIREE R Om BEHlH % 5 LS Est
BOREEBRIFICTI2UERD D, ZOLI RE—7 VOBBHBEETIHE. t—2
ZETMEL, EOETNVEZRIHIBEREHRIT L2 L CRELESRIENTREE RS,
HEHRE O D DOEB L ROBENETNVOEE LW LT 57201213, KEERSEFEIC
BOTBHERBREER L C— 2 VB FHHENZRD, HEEFAVLEEF—F L TUR
TLRETDHERD D,

Body-fixed Coordmate Frames

HREeTNVEH L 2T LFE

u
~ (Surre)
Mv=1t < >
p
m+Aq 0 0 0 mzg 0 (Roll)

0 m +A22 0 -MZg 0 mxg Ear th fixed e
ol 0 0 im+ds; O —mxg 0 frordnate T (sway)

0 -mzg 0 I, +Ay 0 0 X (Hc\g{ze)

mzg 0 -mxg 0 Iyy +Ass 0 Y
O mg 000 I 5 B1 EWR

F, = ~(m+ A33)gw+(m+ Ayp)rv+ meq2 + mer2 -mzgpr —~(m—- pV)gsin@ -R + va2 + wawz
-Liy 8y - Ly - Ly 8y — Lydy +pnyrD* Ky

Fz=(m+ Ajug—(m+ Ay )vp- mxgpr+ szp2 + szq2 +Hm-pV)gcosgpcosf

+Z wHZ,g+ 2, wIwl+Z qlq|+Z, wiql-L, 8y - Ly by

My =((I; +Agg)~ Ly + Agg Drp+ nixg pv— mxgqu - mzgqw + mzgrv —(mxg - pVxg)gcos ¢ cos 8 — (mzg — pVzp)gsind

+M w+ Mg+ M wiwl+Mqlqt+M,  wlqgl L, dyxpy, - Lydyxgy,

0 1230



B LIORTEERICL DV EH L2 HRETTNICH LT, KB L OEBRERICLVE
bNIEETF—FERAVWTV AT AREZTT-RER. K2, 3ITFRTEICEF—FIZE
WHERBRBEOND KO Thotz, HF, ERBIERE. RABRP VAT LRERMOFH
BRER, RBR VAT LAREHOHERZRERL TS, 2B, E—7 LV OEE MR
RIZBWT, RBREBIIUNKRZISR D ERRFT ORI L L bIIEE L, £1-.
EREABRIIIELFFREOAMS L 5B IO HERIR L HiIcER LT,

EEBAEARTBERETNEBET I L CETARE SN BERBHRERHTE L
MTEBHLILB,

Navigation & Calculation Result 070731 Navigation & Calculation Result 070801
- Y S ew — i
E E
‘; ‘ > UO 200 400 600 800
- O 500 1000 1500 2000 "g‘ 500
5 500 £ T
= e Y § |
g Conk Pande Foruped & [+)
- Cuk Ramdt [ 200 400 600 800
& o] 500 -
g .0 500 1000 1500 2000 31 SR —
$ 3 0 ]
) E 500 .
[ 200 400 600 800
5. rI ;
o [} 500 1000 11500 2000 ‘
w 20 : S '2: | —
.'_8. o} l © o 200 400 600 BOO
T — L] - ~
© -20 E soq
(¢} 500 1000 1500 2000 %
€ 400 ol )
-‘g 6 o 200 400 600 . 800
38 i € s0q
o 500 1000 1500 2000 ' > o ‘
Time [sec) o 200 aocu.r ]soo 800
} oh o
R 2¢nE A M EED E3KEHEHEE)
H
= .
R

1. The 18th International Offshore (Ocean) and Polar Engineering Conference #F§ &
& A kv : Maneuverability Experiment of AUV

2. B AR LR TR 20 EEFHRES BET
FA v BT T NVEBED - OO B AERE NEKE O RBBFERR

0 1240



RARBLENC & 5 BB RK E 2 @R T 2 MWEROHE

AL BREMBABRF L & — HEX BE

1. HEOHK
BRBCHEBRBRTICL Y K TN S BAB~KERE SN TW3, K FOwERENR=
e 7 LEBROEALRMCE Y KESERLD2HY, ZOBILIHFEVES FEI D BAB~OWERLE
BT 3L FRIND, KEEFLPHENZTF LY | HEWEE S HAT S FREO RN B AR
BORBHERBEIIRESHEBEEDLZLNTRRENTWVS, LALARRL, MEHELERL SR iToY
BERRALTWAEOH, E-20FH - BREBIZED LI 2bDRDR ERARENREL . 5% DER
AR EED T AREOBEREOL WD -DIIIBAEOAY O TH LI EREKRELEBT TR
—BIUWMEERELRATOILER DD, AFRTIL, HEHEBRRAE BT 288 Eickv\ T, finsR)
TRV E, KR, Hy. REERE, £PEXBRL. BRrERTIVEREHET I LEAML T
Do 12¥, AFFILT N— 71 2005 £ X Y 0 BRI R @R T 3 MR BICET 3 BRI R AR LT\ 5, K
BHEZRGET 2 LICL WV DEHBXROEE - BET(EZHALNITTEZ L HERE LTS,

2. BnF
FAR mBE (AEBRF HERABRHEE & —)
W) KER OKEERFIR WBEHAEETEEN)
REE Hl , CKEERZR KEHBRREZER)
A %K (BWBKRY HEKERHEE. Z—)
A R (KEXZER WwEEETRZR)
o R UNRZE 25 %R

3. R OPE

3—1. WBFEBRNLT—F0R

KRS EREFTRT T BERRRERE L v ¥ —0BEET ) V7B REMICb-Y
HBRBOMBEEZE=F—LTVWIHBREET =Y — 0 A ) 7 O LI 8 SOBRIAZFRIT 8, 9, 10,
11 A Dt 4 EREFSRNZ 2 L7, #BHA T, CTDIZ X VKR, 5. HOLIRE, AFHE,. PAR
%, FRRF (B#phEst e ERt) XV EAEERE LY T 7 N DABARS A—2—% R
ARy hE=a—RA /Ry MZEXDFHADY LV TY) U T2 1To 7=, E7-. EHERBICEWTERAE
finzvuaz va, KEE, RER. BEBROSTETok, S5, MITHICEEIE L REA
CkET 5m) DKIB, M. BHRE, —BURREHE (pCO2) DEMBRIEERIT- T,

CTD (X W RE STy L BTFBRRIBR AV IANLEBLNEIZEVFY VT L—a v
Z{ToT, Fiz, CTD KV RIE SN NRE LAY T2/ LELNIZZ00T7 ()L a it
EEBREERL, EXBRENL I 07 A VBE~OERRN L EHET LICHHE L, ADCPIc kv #l
EEINT-HET — # 1. Takikawa et al. (2003) DB HFFER 2 EVBIRR D E2BE L,

3—2. MEERRAKELZEET 2VEREE L _BILRESEDHT

0 1260



[ 112 2007 4 8, 9, 10 A OXIBHERFUKE @8 T iR, #okExE&. DIN BXEL T, K
T8 At b %< 9,10 A L4 7< 725 TV 35,2005, 2006 EDEHHE 1.0 Sv 38 L ¥ Takikawa et al.
(2005)i2HE~2 & 2007 FOFHEIT/NS B L R TS, YKKERIZS, 9 A LIIERULTHY 10 A
WHEFHID R RoTV B, ZHELOEMILAE 2FE LR L THIR, BE22EDESTOFHHKE
ERAAI40X106kgls THHZ L 2E XD &, 2007 FEOHERIIBD THRWT LRbhb, BE,
2005 £ & 2007 £ 8 ADRBE S E A~ L 2007 F£EDH3IL 2005 4E LY 1.5 psu Ll &< . BiT
2RI L T DR KO BHEHEA~DOTAR D 22272 L2330 h 5, DIN #ik &It 9 A2 742< .8,
10 ABIKERICE L 2> T3, LA L, ZOMITEE 2 EOEHIE 3.6 kmol/s iIZHAATH 7R D7
W, Zhid, BEEPLKFICKEEBICREN 3 BEBEOERESESKOBELEN 12D TH B,
AKEN DS A E 2007 12 DIN BEENBD LTWB Z b, KENOBEDRELE{LH DIN
s BEORELRL, 2EVEBORBRBESKOFARICBEE L TV B EEEREISRB SN,

218, 9, 11 ADHBRED _BILIRRDED I 2R T, &H & LRBIEHED pCO2 TR (380
ppm) XV HIELS ZB{ERFEORIUR L 72> TWB Z 839505, pCO: DIRVWEERITMEEE Y07 &
KA—-BLTEY, BEFEOEESKDEN Y RIHBIEERD pCO2 I K& REBE 5 X TWBHZ L2 5H
5o KEADEST D EH o 7= 2007 D pCO2iTiE 2 FITHEVME L 725 TV =,

A RDOFHERNE . K HED b OBKBEROBIL, AWMAEREICEERGRT 3 XBEOBLE L
TRLRBRINEEZ D SEEZ EBHLNE o7, SR LBRIZHGET S LI, KEEBEED
AL AABOEREBRICED L S ICH B EXD0PHALMI LTV BERH B,

[

h

Volume transport (Sv)

© © 9 9 o =
- )

Freshwater transport (kg/s)

DIN transport (kmol/s)

o

August September  October August September October. ~ August September October

N N ]
128 130 132 134 136 138 140 128 129 130 131 132 133 128 129 130 1132

R - B R

300 320 340 360 380 400 420

K2 WmEREDpCO:H#(@)8HA 4~9H, ®I9AH 12~19H. ()11 H6~9H, Mt —rix. A
BHRRRD pCO2 2R L TEY, BEOHATIIEED pCOART LY HIEWVW I LERLTVS,

0 126 O



v =T EOMERER L ERAEICET 5%

WERE BANERLRMETER

PIERREBEM L 5 —

1. B®

HE, v=FBTIHREBPEREIRELTWVWS, ZOEHA
EBATHZOIIT, TS BOYWERERLHLHIZT
BULENRHD, ZNETIZ, v=T7BO—REEOHIBTE
THHERIIOWVT, ML EHOBBEEDOEV 2 HKIEE
BRETNVICE VBT LI, 7. BBELSOERAT 2N
HLERRIZ., v=T7BOMERREEN L ORI ElT 3
NIZOWVWTRHMN L. SEEIX SERSADTF — 2 % TiIT,
L VALY ERBRSE LA LT 5,

2. H#
v = FBOMFERE R 1 1ZRY, Rz, KR, #HY. 2
o7 4 VBE, REELZIZOWT, @1 OFBEAT 199
FEIANDH1998FE 12 A TEA 1E@BRESh-T—F2HW
o DT M b, FRHTHRUER% Pasig River 7 O DK
10m £ TORRE & L7, PasigRiver iX~=FHitH£ @Y. A
EIXERBEBELWVERTH S, - 20T, i
FHD HIRAKDITEA LU TRRBMNEL 720 . B RSB WEH oK
BERABEEIZE<KH 10m Thbd, ZhbnZnd, K1
DEFBRNOKE 10m £TH 1 2OKRy 7R LT, DA
5 % fRAT LTz,

BUEABRET LD N~ R A b, ROUR
v 7 ANTOACFRBRCERFFRIR 2 127

B R

THEY THD, I N— AV NOBELZER
b, SERMOALB*BERTIEEHELZIT-
Too AR - $REFEEARER (KN, Kv)& UK EBFTK
(U)X, Fujiie e al. (2002)257 L7-F# & A D
fliA> 5, Pasig River DFJIFEEIZ L W AE#H %2 5
2T, MEBRKEW)IZ, MERFENOYEL
oo WML OBEFEERONARNEIX, £/
DA KFE(900 X 10° moles y™) & 5 A D)1 HE B H>
LRELY. ZhickEg» S DEBEAR 600X
10° moles y )& M X 7=, WMT T 7 b &F K
TAZADEBEEEIL, RNy 7 ALERBE DR
ErbREb o7, SHRICHES7213T A —F 1T
R1DEY THD,

3. &R

B 31z, chlLa #E(()& DIN BEOGOHELRZEALE L KIZFRT,
BLTWe, XEROFHBERTHS DIN BE., RERVOKRIZOWT,

Decom
-psition

/

Decompasition

A

Catriwveliulur
vrelion

Mortality

ertality

& Fyeslioa

Excretion

1

1t
+

Advectin  Huking

X 2

4 b
Dithesion  Binking

BiEARRET IV

SRR IBAE L BIRE
COERNREOBREREL

FoTwahrz, SERMZEABICTEY L TURLEMER 4 1I0RT, RERITZ. AHEREV 3~6 A
R EFIC L > THIREh, WHOKRBLED 10~1 AIHEKRIZHBIN 5, chla BE FHRY
ZEW T~11 ARETOERPIZIRAFTH Y, KERILITE A LHIREZIT TV, ZORKIC, #
W77 b DRFENHIREND DIIHBERICLD L ZARKEVR, BLREANEELCTVER
RIZBOWTIHBNREIRA 2252 b, BREMICH > TREORBENGRINS, B 5 i1,

0 1270



DIN oft#gE% . HQHEBC SEMESABICFEH LM TH S, chla BENEHOIZEH WV 7~11 A
RO L3 AMENIE, W)IREOEMIZAE S W OBERKOMLIZ X Y. TR SO DIN i k&,
T, FRROHERK R(case"]) 12z, A 6D DIN A2 P iz LS4 (case-2) & Figd DIN
REZL 1101 L7A(case-3) 2 5B L. TOHEEN 6 IR T, BENSDAM LT 22 LTh. chla
BEIL 94%, DIN BEIX 73% LAMET LA2WA, FREO DIN BE%L 10%IZEMT 5 &, chlLa BEIX
22%. DINBEIZ 38%E TR T T 5, 2O e”hb, REOHEM TS 7 N ORRBIZIZITRORER
BEELTEY, CHTEORBEN L ZHOHBEINTVEIDONEHLNITEZ ERROBETH

o

K1 BEABRRETNDNT A—F
f-=%
4. mg&ﬁi%ﬁ =] Parameters Value unit
M. Hayashj, T. YANAGI Maximum specific nutrienfts uptake rate by diatom 20 day’!
. _ Half saturation constant of nitrogen to diatom 0.3 uM
and M. L. San Diego Optimum water temperature 31.0 c
Mcglone Seasonal  Optimum photon 110 Ents!
Variation of Nitrogen RMatio ?f extra Zell:lai\: excmn of Dé)gl a-ncd DOP by photosynthesis (1)41 Z;S g 1311;}51"d X
. . . ortality speed of phytoplankton at 0 deg . m ay”
Cydlng m Man}__lf Bay‘ Temperature dependency of mortality of phytoplankton 0.069 °ct
ISOPE-2008 (Eﬁ'm EP) Threshold of phytoplankton density for grazing 0.1 mg chl.a?!
1vlev constant 0.47 (# gchla?y!
Grazing speed of phytoplankton by zooplankton at 0 deg-C 02 day”!
5. Hf %ﬁﬂﬁ Temperature dependency of grazing by zooplankton 0.069 °ct
RF=E . H(%E% Constant for urine generation 0.4
— N e A Constant for fecal pellet generation 03
. =5 125 7
i FEREERBER Mortality speed of zooplankton at 0 deg-C 30.0 m® gP! day
S AT B NE Temperature dependency of mortality of zooplankton 0.069 c!
. Decomposition speed of detritus to Dissolved Inorganic Matter at 0 deg-C 0.0100 day’!
jﬁ R jﬁ ﬁ Elﬂ: it Decomposition speed of detritus to Dissolved Organic Matter at 0 deg-C =~ 0.0075 day™!
H— Decomposition speed of DOM to DIM at 0 deg-C 0.0150 day!
4 - < Temperature dependency of decomposition of detritus to DIM 0.069 °c?
&H& : Iﬁﬁ& . Temperature dependency of decomposition of detritus to DOM 0.069 °c!
WY - AR T RN Temperature dependency of decomposition of DOM to DIM 0.069 °c!
SEE YR
;E hJ{{j%’“;"}"‘ﬁijj"”‘E}f%EP}f E l——T——-N----AI] [DLandlDecompositionlWDﬂl
. i -
B - Bl 20 5 00
N T P 2%
WY . 5L - % 80
= | LPPRLLLLLLE
fos [ = zoffmA
33153783533 533533533 35333
SL222352838 28 3222352486828
Month Month
lzj
4 AROKIRES X5 DIN s
(a) ~—a— Obs, ---=-- Gal (8) {—-—case-l ——#—— case—2 ---o-- case—3 l
15 12
S0 $h
2 < 6
B EE B Y T EEEE] o ~ ~
TTIITITITITIIEITI N EfTITTITUITRETIIILY
3237623235423 3>832 3325823238252 25482
e
20
3 Tn g 15
3 8 L 2
¥ ‘ ¥ 10
a u, 8 5
MJ\ 0
W W WO O W~ Dm0 W e W ~
PPILRETIIIIIIILLEY ;
) = (7 = Nz = wn Z
X3 FHEMRLBMNEOLE 6 DIN ftiBEA BT HE0R/mR

0 1280



BMERIC L 2BEEY v b —R— 7 ERBESERRTIZOWT

1. &S

Yy H—DOBETHIND Y a— MITER 2BEOE
LR B, R—I/NIBERI R ERE 20T TR — AR REE
KELEEEZ/ Vv a— e, FhICH L CRHTER
BTRAL, 7 ¥ AR LRI T a—  Tha,
BEIIERERS 2 — b, TUREFHINERZED TS
Va—FThd, TOECOFRITR—/NPIETEREET
WIAT 222k, B—NEROD S XIT L AR IR
AL, BkTaEEZ2RTVWA, LiL, ZhiconT
DFAESFEI 2 A B = KX KiTbhs>TUvuy,

% Z TABE CIRBRIRZ > Ty h—R— 2
SAOZAEL. BEED A SIZLARNOBEL T8
EOOEEERS o — h DA H = X LEREET 3,

2. (AR LR
2.1 {#EHREE

Gy (=2D/ o UPA) : HiI R
C.(=2L/ o UPA) - %%
C,=25/ o UA) iRty MR O]
Re(=Ud/v): LA N RYg TP RVEE (n]
U=5~-30[m/s] D& CHIE L 7=,

D:HUAIN, L:85AhIN, S: 401N,
o0 2R Tke/vf] , U HEE (w's] ,

2.2 XEIRRE

NNKFBSHEFRAEFRORRER KS@E =3I
—a VR 2o CRIRERYTo7z, EWRRIES D
HE, BEXIEXEE=2X3.6X15[m] TH3,

2.3 ZERJAIEER

EREBO2EKE
Photo. 1 IR Y. =43
Fio— R
B, ¥h, fihz
BESTS. R—1LX
FoBEARSEKIT
19[Hz] Tdho7=,

o— FEeAR7T v s
e LI Photo. 1 S8 20k
LYy —R—NBIBEINB bR eB kS
KHy H—FR—u— A% 800mm]d ¢8

mm] 73 % 7 MCEEGE LT, R—VEEIIERENT
L7 Z v VR BEEAICER L U+ 7 MOER SBT3,

BELERE T¥H #EA RA

2.4 "R LEERIEE

&7 FEEFRAV
T RIRALE 43 %
Photo. 2 IR T, R
—NVEHFIT 50 X
50 [mm] D#E-TIRD
ET ) RIS E
RUOER O E
A5,

R—LOEHT
LEEEN AT TE
KDOFNDOEET % 250 [f/s] CHRE L, m Lot
BRIZ U=11[m/s]~30[m/s] & L7z,

Photo.2 WIHRALERY

3. FBHER
3.1 BhHLshoEsh

Fig. 1,Fig. 2, IZ% v A—R— b 58488 ¢ ¥
THRER Co D 4 RIOEALERT, R—NEF»SRIZHD
FrZEEPITRT,

G, G & B0 05 BEOEEZESNIHERSIN:, ¥
7z, FHEOHR L ¥y h—R—NOIEN B EEEKIX 1.0
~1.3 [Hz] &53H>THRY SEIOERTHRIROREEIY
bhi-,

01 -

1
Mgy iy \\

WV
Uy w/’

0.05

¥+
oL\
B

Fig.-l BHoRRZE U=22[m/s]

My N AN N
] auy
TN

1}
Back view Vg Ay
+ Y

Fig. 2 #HOREE N U=22[m/s]

0 1290



3.2 ENLfRMT

Fig. 1, Fig.2 ® 6~8 [s] BOAR—LELMEZHD
REED O RO -Y TEH EIC# -8R % Fig. 3
AT, Start (BAEIK:JEA) 226 a2— M-
hicl L, DFP2PROBICFy I—HRT
FANZA 1.0 [m] #1230, ZBIC# 0.3 [m] BE- T
ETW3E, HELEHRHEZETh TV,

03 r

VaVAN

7
O-t5 , /
74

U~ 7
1 1 A 1
start

-0.2 ¢ 02 0.4 0.6 08 1 12
Z~direction {m]

Y-direction [m]

Fig. 3Z-Ydirection movements fromkicker’ s view
U=22 [m/s] t=6~8[sec]
3.3 AIR(LER
EEREN A T ER
®DA., Fig. 1,Fig. 2
DB DU 6. 75~ 1
6.85 [s] [ 30 7
V—LhEERRHE L
7= & % Photo. 3 IZ
AT, @ik h—
R—NDETHRIZ
REL, CLECGAED
Fid, ERE EIZR
L7=tRicE EH~E
ALTW3,

4. BR
4.1 hoRER

IREER TIE, Re=3.8X10°LL kicih B & BEERL
A NVAEERISEL, Fig.4 L >REREEL 2
KOFEMBEET D, O OMBERDLEF Y I2
FUFBIMHETEZEREHIA TS 2,
BHEN A TRBOR 0 —BETHLHSICHEIH
2. BIREBZNOREATR—ARINEEEZS
nNTW3, ThIHCHER NN =25 4 L JTRET
H5H,

Photo. 3 30 7 L— A4y DE R X

Fig.4 Flow around sphere of Re=3.8x10°?
4.2 |BORFELE

Fig.5 2V A/ VA EAOBREROBEFEERT,
EBRORE TR 2 EEEHEY = — M X, 20 [m/s]
fHETHY, 77 7HOHRITZE ORIE 2 [n/s] &
&> T18~22 [m/s] OBWHEELFLTV 3,

Fig.5 X0, ¥y v bh—FR—) CHERBEE, LB
R~ L BB L TV SRR ¥ L RkkiCR
mEInT, £, RORLEEE TR, o0
BAERIZELTEY, I ALY a—FEOY v b
—R—NVEECHBEREARICERERE 240
HERABELTWDB LRI S,

0.6

05
0.4 AN
S o3 |
0.2 { e
0.1

0
Reynolds number 10° 10°

Wind specd {m/:) .'l ‘io 1‘5 210215:‘%0

Fig.5 VA J WX M AREOBEE

5. &

1) KBEERIC L 2ERABEIZL Y. FBHRE,
BHREOREIZA 0.5 BETHD = L2
BEN, TNV EEEGY 2 — FOEM &
EEMICHBATE -,

2) TIHLERIZL Y., 2 KOREROEEES) &
CHE Y OF ¥ LIRERBE I N,
wBoFHE EERADFEDORIEDB D=,

3) R—ABONBRRIX EDOT & ARAFHEE
itk 2BCRBEANAT7xT 4 LV /BB TH
%,

BEIM

1) i fod 2006 EEE BEILEXRY L¥HEH
g%ﬁﬁ@& EELHMERL. oy h—F—rizmbd
JE B

ZERNomet & AIERBRSE

2) S. Taneda: Visual observations of the flow past a
sphere at Reynolds numbers between 10* and 10% J.
Fluid Mech., Vol.85, pp.187-192, 1976

3 #@F ROUEKRE), B2 NREASE), M B
BRE), & REOLERR), BR BE (LFEXY)
Y v n—nZHREICET 2 ERFE] B FRRTES
RETHFDFRESRCE (2005, 10.29-30, £R)

0 1300



SRR K EDEREERDE 7 v 7 4L a REEHICE 2 58
MIATBOEA KEXFR AERBREER 0E A

1. BB

*BHEIRI, Tu L RE & SIEAT 200 km, FEHPKIRE 100 m OB EBVERTH Y, BB O B AHE
~OWAR L LT, B »ORAMIBERIBITON TE 72, UNKZEISADFEMEFR T, #E-81UM
DIEEREMLHF L— & —IZ X > T, MBI 3517 5 3 BERHE O 3¥EM 72 FREMEE & #kt L CRRAIL TV 5,
FNODOBBARER? S, ABREOFHHESLHBEALORBFHE RS M OZEBRHBHALNIIRLY 2D
bB, TOXDICHEMEEICHE L TEREATHDIR, &9 - LEHRT—FBRRLTWSR®, &
WAERRICETAMEIIINE TIZ LA LT TV, 2004-2006 FIZHMSIITEIE AKERZREY
MIC X > TITONZRAET, IR TIIHARB LR LS REKOE 2EMYMTF 7 Fr TN —L0ET
S2TWAZE, IEBRICRETIERRERBE 7o T 1V a BECEEEEI TS Z LBALNIR
ST, ARRTIE, 2007 § 11 BTN -BRITH O 2T o 73 B R AGEIC B 1T 2R ESERE 7 o
07 4V a BREOBRIZOVWTEHET S,

2. F—4&
ABFFETIE, 2007 & 11 BIZMSIITBOE AKE RERHBEMRREN TEREI N CID BRI L > THE N
7-KIR, ¥y, 7uaarzgoaZBvWe-, CIDBRAIAZEKE 1T,

3. MRLEE

BE A FEEREL D04 I TR b/NEWEZRL, HEFRIE D04 (iE % .0 & UTREFEHE Y ORER
ZLTWA(E2), £z, CD 74 OWERTIE, (D04 2BV TR - B OERBARN F—ARIZEY
Env, BEPEL2oTWS (K 3), U EOBRIFERIL D04 5% Pl & T 5 EKEEBOFEEL TR L
TW5, ZOWMOPLTRRENPOEERBBOFET 2 40nBHEICHAITruen 7 )b a RENEI- T
(E3), TITTIREZRWA, KE-EHSHEERL Y, ZOEIEMERIX 2 BRI CLOS \IZhLib ol L
EIh, MR OERED CBENEEIIA 10 kn day™ & REG Dz, B3 ICL D ERHBEHBRIZHTZS CD0la
IZ%,CD04 & RHRIZ, ERKMD F—2REERL LN, RO\BORENTRINTZ, ZD CD0la (FEiITE
JII - & (2007) D34EH LIz BB AER L IZIE—K L T3, 27FL, (D0la TrZra 7 )L a BEOHEMIX
Hohghol,

BRLTrrRT b a REPELDDIL, RKBEEBOBICLIXBEOHEDOERLEZILND
(RED, 2007), HEBRTMBIRELE, BORELLbBIZZ/enT 4V a REPENTSEALND
23, 4 CD0la TEBM I NP L FHETI/ nr 7 4L a BEEIEL 22<, BEXEMNT IROREL -7
AIREME D B B, CD04 TEM S /- (EX/EMERAS CD0la TRAL, 10 km day OBEEEZ 72 LKET S
L, D04 TEM ENETJEMBOREIING BRTL 25, 05 BETHED 7 7 FrBEMLE LR
EL, TOMOEBEEIZOVWTHRIT S, LARICIIEBEIE#HHM T I 7 ML DBEROEERXEA
M7 T NORMTORMBEE 1 IRk TREINS,

' = In(N/N)/ (ty-t)

ZIZTC, N, WA, t,0l & /nu 7 4L aBETHD, 3L, N=05mgm®, N,=1.5mgm>,

O 1310



toot, =5 day &95&, u’ =022 day' &R D, TOMIIBEEOHEELRLTHH2ICH VB LHEIC
WE-TWB, ZOZ Lnd, (D4 THEISh-Zun T ()L BEER, EBREHBORECLI BZEBR
BBOBILICE > TElIERBBZENLHREIN S,

4. 5% OFE
HF L—F —RANTLTHEDT—¥, EETTNVERAVCTROBERLEI L ZNIZHESI 7ua 7 o)L a BEE
BN OWTEBNICHLONCT A Z E NS BOBRETH B, AFELETIE, Zun 7 0 a BEICMAT, ¥

BEREMT 7 FUOBER, (FHRADY LTV U T TFoT0E, TRODTF—EZ 55D TR+
ET, WHEBRRACEICRET RS EMBES Y RBROBEABRICRITTEELAOLNIT LV,

. WREERRE
RE B KEKRFRK B BRRRAERE - xS,
M o SNKFISA B BINHEEA - T — ST

a7 4 VN

B #/ JUNKZFIS A #EdE HRBHE . 5— 5
35 00N +— : _ - o:) 2? Yoo 12930 3000 _139‘30'
/ YA NO4 |
;o s . i
/o // 8 PRU T CFgp .Nosa I L i
Ly sTO1 )'CLoy -, CFOda  cgos .
swasnd /S S oo ¢ No3 U 1 1
1// [ ﬁ . CD05 1 Ry [
S o LO6 CFo. o NO2a| Nk i
TEEE // '{i ; a3 e, «CC05 ¢ l ! \Q" K
‘// ‘P Cf ccoda v \.,'z\ ‘
ST CLO5(C 4 &4
34 30'N 08 / '/JL ‘) ) (’P 3) . CCO4 . 34°30' ! I |
/ /fl 5 " coose o CCO3a S~ i
[ WK‘Z\: dDOzo CLO4(CCO3) (f D i il
34 15'N g |
! K, ad //§°coo1a '7 )ﬁ[—‘ I
- | ajco01 / i
\ch’: l/ 7 © CLO; 50 cm s~
3400'N ‘\ 0 L 34°00" L - wEE WEm mes wew  mmm e

128 00'E 1291SE 129305 129455 13000E 13015E 130 30°E

K1 CTD#ERES

K2 95 doar ZFEHEL UIciEE H¥EEERE & R~ b

0 1320



pressure (dbar)

pressure (dbar)

CDOt CDO1a CDO2 CDO2a CDO3 CDO3a CDO4 CDOMa CDOS
0

50 B
¢ el

3

[+H]

100 S
173

723

[

L

150 o

200

CDO1 CDO1a CD0O2 CDO2a CDO3 CDO3a CDO4 CDO4a CDOS
04 , \ , \ , .

27
50 26
25
‘ 24
100 4

- 23
v 2

150 sigma-t (kg/n¥)

200 ! ‘ ! : ' . ‘ 19
K3 2007411 ADCD T4 BT BKIE, B,

0 1330

CDO1 CDO01a CDO2 CDO2a CDO3 CDO3a CDO4 CDO4a CDOS
0 . X

Chl.a (mg/n)

BE, snn7 40\ a REOHEREX




XHBHBRERAKEIZRIT 3ABEB =51
EME KRR v ¥ — e

1. =]:p]

AR, Tl COWMERFEOEDL, BARBORERLABRCEELRIETILABRAIN TV, fi
IS ORYI TS WEREL, ZOWMARGIEEZOND, EBBRIIET L A AL S M—D
KETHY, TN B RIBICHESNAMEIIL T ZOWIRE @R T D, Z2 TR CE, S BiEik
DHHTH IR A AR TV EKE TRERICEISKIE - E 0GB EL., A2 B8 51
KOFHELZ D EBZRIB T2 BRIL T3,

2. Vit

et P VI UK B A 1T P AT 3 B 3 A (B, s,
EEENAE AR EREL, | HEEE CEBAR-HS
ZEHRILTZ (Fig. 1), & RICBTAB ARSI TO@Y TH A,

HHE 2007/05/09 11:00 ~ 2007/11/05 10:00
#/8B  2007/05/21 13:00 ~ 2007/11/14 11:00 347}
EHE  2007/06/06 14:00 ~ 2007/11/20 09:00

BRI, HHE» BRI T ZREREOEES A 7 130° T

RRABILERATIC, ERAPLCER L, EHELE Fig.1 #RR

BEIZOWTITREAEERIC. 1/ BIZOVWTITHEEND 74 235 FiF. ZRFHAKE 4~5m &
WCHIERZRE LT,

3. HRLER

FRRTHEONIKIER - W ORI Z Fig. 2 17T, &AL b 6 A LANOMA KRB ESR - H5
BETEZRL.8 ATANL 9 A LRI TREKR - BIRES 2 & L%, 11 B I2hH T TKBET -
W ERT2 L0 EHERERLTWS,
BREOEBOBEREEZR D720, 48HM I A FX T —T 4 L& —% KR - HYORZEH &
A% 77 5% Fig. 3127 F, KRICOWTIX, TABIVN10 A CIRAEOEETIZE A LENRED S
NI2WH, KB ZEET 5 8~9A) KEBETR L, KERBOFRHREBLYE 2~3 R
SEEAKRIZEL TS, —F, EAICONTIE, RKIEEIL8 A Fa25 9 A LI AEBELE SR
HWCBENTEBY, ZORBOERR, B/ BTOERTAELY, 202 Lk, BRIhEEES AT
BBRICE > TBRINTABRTHEZLERLTWVWS, FRLSOBIRICIE. AEEFOEHE T
VWEEZ R TEBRED b5,

FHIRREBNIMZ T, BADOKMA 7y — L2 b OLHAKE - EHKRD LN D, BIcH ) BT
8 A5 HE, 84 26 AWIZIKESK, 8 H 156~17 RICERAMBED b, Xy FROEHES K. HER
AKBBELI-ZENREIN S,

0 1340



4. R e R
MRAERE SRBKEEERENTE Y — BHEHR
HRBHE MSIITBIEAKEKRER EAIE PN
TUN K2R R 10 27 FFEWH

Temp. Sal
30 e e - - -y 380
¥. ¥
28 . I" L % 345
Ve t 3 +340
26 - . ; 4
iL"".‘l'"Vl’ HS S Da3s
24 f‘ L I ™ i
S F 1330
22 :w"ﬂk Al ,‘ o i
: i 1325
S Ji ! . T E
20 ¥ § 4320
18 " £315
Temp. Sal.
167 30 o - — 5 30
i 3 3
14 28 ‘ (; { 45 ,
12 26 . %, ’ i 34.0 \
it A 33
10 b et bt gy \ i
MAY JUN JUL AUG SEF [N Ee 33.C
22 " 132¢
20 T 320
18 % 318
Targ
16 Temp Sal
30 - P - e SR - 35.C
14 - { i 2
28 n‘,\ ;«44.5
12 ] V. T34.0
26+, " + E
10 bbbt b g bt . T y S £33
MAY JUN JUL AUG SEF 24 - ‘:b" B RS Ee
. o . - 33.
22 - g4 \«{1' - F 328
20 i T Ea2¢
o 1are
18 L
16 £ 310
- 30.5
14 1 i 3
1 Futaoi 3 30
2 2007/05/09 12:00 - 2007/11/15 10:00 § 29 ¢
, | ¥ 29.c

bbb b bbb b e e
MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR
MONTH

Fig.2 &R (£), W/ 8 (PR), BHE (B) TOKIE - HYFR

Ms OK Al MS

Oct Oct

Sep

Aug. Aug

Jul

Fig. 3 KiR(E), By (h) oMEM& /¥ / 7.5 (MS:ERE, OKN/ &5, FIEH#E)

0 1350



W7 VT O CERRIEROFFRESIBYT D%

T CBARHE HIERRBE Voo T (TR #— Ut —{X

1. LI

HACFERTIGRAEIL, ARHEENC & o THRH Sh 2 IF R E B KR OBEME OBRECHR 2K
LS RLIFTER L TEY ., SR LBERBMRE THAD L TFHIENTWAIERT UTEHEAE? D
DIERMEPEHBDOERPBEIN TN D, 2, TUTKEORTINET 5 BARBWTIL, &
HERKGREENELTFIME L T B, ZORBRERO S L, KKBLROFRTFRRFENER Sh
TEY. ARICEBNT, K7 V7 HEEOHRSRFEESORKRE R BE S NI FROPHET
WEEZAHT—4% & LTRWEEWEREE TV E RO ARRBROEE TR 2D TW15D, &
FEEIL, ZOHIRON(CFERTIGREEBORE 2R 6 A) ICEB L, BFE1Tieok, SHIT,
A AREICER L. AV REREHE (NOx/NMVOC) OHEHEEICHT 54 ViR
EEEDRE LR~ T,

2. EFAVYIalb—va VOBE

PRI L ERIXE 7 /11X CMAQ Verd4.4 (Byun and Ching, 1999) #FIMA L1z, {LFERIGE P2 —/id
SAPRC-99 ({L¥FE:72 f, K214 K), =7 10 Y%V a—/Vid AERO3 iz, FHEMERIL,
Jekg 250 « HRR 115°2 & L, AEHMIZ 80km #&F, 78 7'V » Kx68 7'V v K, $hEFMIZ,
148 (xTE 150m, & EFK 23km) ThH D, ShEEEIL, Z*RERE LA L, FRREHITIT,
NCEP/NCAR OR#RT—4# (2.5° reanalysis data) % F|F L7z RAMS Ver4.3 OFEH 2517, €
FNOBERBESRMEIT, £ER{LFEWEET/V, CHASER (Sudoetal,2002) DHHiEE»EX-, *
FNANRHHET —4 (NHEREHEOR) 12X, #HERBE 7 a7 0 THEE L ¥ —CHR
Lz I y¥raveA 2~ kY — Regional Emission inventory in Asia (REAS) ZF)H L., B7E (2000
FEHEHE) Lk (2020 EHEHE) OBEEL IaL—va 2R, BRER (VOC) &34
F= ANz TERBEOPEH &L, £ £ GEIA (Guenther et al., 1995) & ACESS (Streets et al., 2003)
DEEHET —F & AV Iz, REAS YA DETF VAT E (BR-3A A~ AN—= 0 VRIEOHEHE,
K&, EREE) 13, BE BRI IalL—vaEbicRIUERAVTWS,

3. REBIUSER

YIE (6 A) Oty ME : 2000-2020 FOxHiE A REOHMTFRIEEK 11273, 2020
0 REAS PEHEIX, FEICH L TIE 3 BEROBEH T U 4 - PSC G sKiR{LRY) . REF (FFErIRE
PERT) . PFC (BURHEBSTR) ZEMA L. tEIH L OIEBRT XA F—#E (IEA) 0¥
—EEPENCE S 1 BEOBEN NS ) A0 ERALTWS, PEREDHHF YA (REF)
196D & BBEORREA Y BREL, 2000-2020 ORI, FEFHEA 0-4 ppbv HHIIT 5 & FHl
SN, BEHEHEMOD2NF U A (PSC) id. FEFIEN 2 ppbv RELITOMMER LT, &
LEEHBEEMDO LV A (PFC) 121D & FEEHEM 2-6 ppbv, *HFHEEAY L BEOELI 2D

0 136 0



6 A O HFMELD 2-14 ppby N5 & FRIS N2, FELUAOEOFEIEHBIZ S Y ARlicED
BNEZBVEIT L, TEOHHEROREEN, R, BRAEORHEEAY VEEIC KM
BTO2ENTRIEND, b L, 2000 FLRORMARENSH bFE 22 HiF, 2020 42124 PFC 28
BELRY, AEORTTEA Y REIL. FFHEH 45-60 ppbv. 6 8 DA SEHIEH 50-75ppbv 1258
T5ETFHISND,

220PSC-2000

2020PF(

i 4 e ‘ ool Yu i . : oo W
B / 2 YEAR : ’ il - AR Ve f}; YEAR

L s Sras “ B
i PAch Bt 1301 Fhi ] e vy Mi

E1 REAS(PSC, REF, PFO) ¥ B\ =3B A Y METHE  2020PSC-2000 : PSCiz & 3 2000-2020 £EQR DAY >
MEEHENE, 2020REF-2000 : REFIC X 5 2000-2020 EoRIOMAHME, 2020PFC-2000 : PFCic X % 2000-2020 £

ORIDA Y L BEEEMmE, 2020PFC : 2020 £0A Y Bk,

MK (6 8) 12k} 54 LRI (NOx,/NMVOC)
HEHEBE(CICHT 54 BELE) :

B4 2%, CEC (Central East China, FEILFFIR) 12115
/R (vox/Nvoo) s s RIS
CEC KB LUHAE (UPN) Oy VREEMETT, & | bk

01 {CECY
VX 2000
o
rrerprerererT

-

fRATICIE. 6 A DIEFFHE BUTC) DY lELE W %i:

72, CEC 0> NOx HEH AL & Wittt (CEC 5 L TVPN) 1 5 1 ‘
DAY WERALXEDIEETRLTHY . CEC 0 ot sge i
NOx BEHHBE D KA, BHUROA Y BRI RS B2 (2CEC(Central East China)®
DEDPHA LT, —75, Wil & 12, CEC 5o NMVOC E%;fﬁ;@%ﬂ??&iﬁﬁﬁ;@iﬁ;
BEHHEELIC RS 5 4 VIR AL OBEEA IS A0 e o I
B L7, JPNUAPAN) D A4 Y » BEDEL., @)

CECONMVOCHH BOFIZH+ 5.

4. BFFEAERE

Wi —f GEFEDTEBRRMME HERRE 7oL 77k #— RBA K2 FSAHEE)
KR FIRE EIRESER 2R, B0 W6 (EBEWERT TEWEE).

57 £ (ENRENRSR £R). ¥k #R  (@ESBEmEs £8).

e ek GORRYE B8d). MR BZ  UiKk® TSRS sl .

BE g uiK® ISRAFEER #3%)

0 1370



W7 PTHONO, Heth & A KIS~ DEFRRKBEAR BT 0%
RIRFFSLRFRERBE LFEHAER R 1#

[izrwic]
TEOPEICK T 2REBRBICHEY, PEHEN» OHEBIN 2 EXBMERHERL, BAENEZET
T OT7 KEDHIE TII Ny 7 7T 70 RUWORIGEHERER(LAEY (NO,) DREMKMS %IEE
o TL DAREMENH B, /-, FE-BAREIIETHY . FEI LMK L TL ANO, DIE~DILE
LY, BARRE~OZRXBERTENHEKRTIZLBBIONE, ThIZL>T, BARRFEICET
HBEDERBRICOHEL RITTREEIBREIND,

IDEIBRRET., HRRRELLIUHRHAE ERBE. PR, EXHER) oR@RaF
Wiedh s, DRSIATBUEAESIRERER KK - =7 oY V@BEIRAT—v 3 ) (L& 26.86° H&E
128.25°, #EHK 60 m) 2\ T NO,, H AIRWEEE (HNOx(g) & RiET 5) B LUK FIRMEBIREDER
BEBEAETR> TS, BFRI0— I N RERBEHORE VRERBZLZ2NVWIE— A FTH
W, Ny 2779/ FL~ud NO, REEZRIETZOIE LT3, £, KKFOMBRIINO, OF
TORKLEHETSH Y, WBRICKITHNO, ORIGETEDKEL L TEERLEMETH S,

=07 UNKZIERAEHER FTRHEA: BEFFEE) 2BV Tik RAMS/ICMAQ L ¥ME % T
FMIEY, R PTHBCOFELMERER EHHEIN TS, AFETIE. ZOETLVERAL
T. BARADRICB T 2ZRLEVMOLERLRBL LI ENEKBETH D, HETHERILEHOD
KEFEROWE - MEOR EIZE, TFALTHELNS T —F L @I F IR COEGBRIRER & L RELE
L., ERBRICETIETAVOFMEITRD ZEEIMATH D, TR 19 FEETEEICET LV EBAR
ROMEEEETRo7 (BEE, EAHER, KRE, BEFES) OTRET S,

(B8 & =F iz T
NO,, HNOs(g) D#REEMIEIZ(XThermo ElectrontBINO,FHTECO 42C-TL% KRNI KF THR L 72NO,,
HNO;(g) #t& MV, HBICAW-BAIMIE & L Tit, 2006/1/1 ~2006/11/13 TH 5,

—F ORAMS/CMAQE F/VAZDOWTit, LLTD XD R4 TH D, [HERISEET VIZSAPRC-99,
E KT T NVIZRADM, T7 1Y )VEF/VIZAERO3 # VT35, SAPRC-99 TiIZ < ORIEEH -
TWBHNR, HR-BFEOFH—RORGHEZAEN TR, FFEICEDS L 5L LTI, i
WL F P E R £ HNOy(2) DRI AA TR TV 2V, HEHIE® T /VIZIREAS % FiV 7z, REASET LD
HEHEIIEICHEAT DT HAEAIC L, dbHE SO~FiHE 10 B, SR 60~HE 150 EETH Y., HeiE%
0.5 ERTFTHEHL T3, £/, RAMS/ICMAQ £ F /LT3R EARSRE 80 km x 80 km & | 20 km x 20 km
THE SN, AREETIE20km x20km OFR EBROALBRB,

[RB L UBE]

9. BFRBRARITIC L VD FIRA~BET 2 [REAFEBE LTI O N THEEZTR-2 12, H
ERWZ RSB FICBET 2RISR BIOER LZEERICL - TR L, FE (CH), #&E (KR),
AA (P), KFEH (PO) It Tz, X612, CHidbR & v bk (CH1). LA 5 BEfHEE TOPIR
(CH2). ¥ X v @l (CH)IZHIT, 36 DICR4y LT, AMEETIICH2 ORMIT OV TOMTHER
DHERD, B 1 B EFNHEMEE OMBE 7y F&RT, NO,, HNOs@RE & bICRIELR
B/ SV, NO, REIZSOWTIL, BIRICH HITERRD 2 Lidiz< | £, BRIIE(DT —F 0>

0 1380



100 . 6.0
80 L y = 0.4212x + 1.2825 \ y = 0.4405x + 0.9837
—_ R R’ =0.1574 _ a0 s R’ =0.0137
> > M
a 2,
i =
) C)

00 20 40 60 80 100 -1.0 0.0 1.0 2.0
NO, [ppbv] HNO;(g) [ppbv]

X 1. BREEEE) & = 7 L EEGE) L OEr, £2NO,, H2SHNO(g) BETH S, EHRIT—KEL
E#RETT,

LU BRURRFICETANEELZERL D EEXLNRS, LALA225, HNOs(g) BEIZSOWT
BETFADIZ) BRIBISEBRFFMEL TWBRERER o, ThiZ, CMAQ E7F /U TIRFHER Fo%m
EHNOsy(Q) & DRISHHMMARAEN TV RN L BRBHO—D L LTET NG, TEILAFRE TO
R T - LBTHY . £ ZITITBRRI T REIET 5729, HNOs(g) MHEHER FICRYVATh 5@EE W
I DITEETE R, £DD, TEF N TIIHEBON A —RFHREB T ADIZ I IZFBoTWEH I EMN
Ex b, ETNVITRTHNONR) BEOBKFMML IO LERBLEZERLEZ LN,

K, TWODF—F 2FEHINHT. FHEEZZLDEH0E2K 1 ITRT, 200641 A~3 A
¥EFE 4 A9AZEFLER L, BEMEICOV T, NO,, HNOy(g) BEL bz, £FDIEH
BREFELVOELS —HDOETAFRMBEIZOVTIIHNO(g) BEICHSVWTEZDIEFI BEVRERE
molz, ThiX, CMAQ EF NV THEDLITWAHEHEET /L REAS MBHEHHBOEH LS+ ZE L
TWRWZ ERFAREREE LTEZ LN D, EETETO NO, DHFHEIIBERREOHEAZ L ICL
D, XFEDIFZINEFELY 2 HBERVEEXILRTWVWS, FiTiX, EF A TR FIRMEERO A
FRIBFEA T =7 LHNOs(g) & PRGN H

# 1. CH2 HI3RDOKHLDNO,, HNOy(g) MEETIIED
BoTHY, ZORITIBERESEOMRVE . 3(8)

te#k, BfLippby TH B,

RIS THh D, I, €T L TOHNOs(g) # T e

BIZoWT, EFEDIEHI»VNEVRERE - BH O E5 B TSI
DITRYRERTHD LB IN-, NO, 191 2.04 1.50 1.98
(55 B &) HNOy(g)  0.40 1.05 0.15 1.26

* Numerical study of the atmospheric input of anthropogenic total nitrate to the marginal seas in the Western North
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* Transport and transformation of total reactive nitrogen over the East China Sea, Y. Takiguchi, A. Takami, Y.
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Res., in press.
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Analysis, Submitted to Plasma and Fusion Res.
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Fig. 1 Schematic of a 5[111] edge dislocation in a simulation cell.
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[111] direction (Angstrom)

Fig. 2 Binding energy map of an interstitial
He to a dislocation in the plane. The
separation between contours is about 0.23 eV
and the position denoted by the cross star is
the maximum binding energy (2.26 eV).

Fig. 4 Schematic of a % [111] jog.
Dashed line represents the
dislocation line.

1075}
IEM]

Fig. 3 Rearrangement of an interstitial
He atom in the dislocation. Large white
circles are Fe atoms. Small white circle
is the initial octahedral position of a He
atom, and small black circle is the final
position of a He atom after relaxation.
An arrow connects the initial and final
position of a He atom.
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[111] direction (Angstrom)
Fig. 5 Binding energy map of an interstitial He to a
dislocation with a 2 {111] jog in the plane. The dashed
line shows the jog position and an arrow denotes the
dislocation pipe.

O 1810



F—=RTFTA FBLOT =74 MAOBNMPIZIT 5~ U LZE8) &AL R RIT
BRRFEREET AR /NEFRKRR

1. HRELAW

EREFBREMECI, PHETICL 2B LORHBEICMZ, BERKISIZE D A~Y T ARERT S.
~Y AL, BERT CIRATRETL, RAENhOTERE 23FRBHINTHEDR, ~V TADE
BEBCEET A2 EMEMMALIIMEARE LTS LW, 2 THREEL, 2BEOA—XT A NRAT L
A$(SUS304, SUS316L)EZAVTAY U AOEBEBEZR, BMERBKELSFEL TV D REM
L. AR THE, ERAFEBEMEIOF NIER TH D Fe-9Cr 8L U Fe-9Cr-2W x5 & LT,
AN T LABI VOB XL —BEFIC L 2BREBEREBREOZTOHBEEITV, W OBMBRLH L H
T 52 & 2RAT.

2. EBITE

REHERR D728, BME Fe-9Cr, Fe-9Cr-2W % JEHE, fTHIKEFITX Y 7 4 A7 K (t0.1mmx$3mm)
T, 1323K T30 SOEEREMEIT 72, 20%, VAL V= NERFELEL, ET7HME
BEREERE L Lz, 2o 0RBHIA AV RRHEBERSOFZARETEBELAVT, ~U U A
BHRIOBEREREZZOGBE L. W, BHEPTORBHEE 673K BLU'8T3K THY, BEM
%% 1017 He/m2s, = R/LF¥—20keV & L7z. A B, NV U ALAOREBLZHAKICTHIENT, BRE
BFEMELZRAVCT, RERECHEREFEED 1 MeV 0OBEFHBHERZTV, BEHKREEREZA~Y
7 LERAT & B LT
3. BEBIUER

~Y LB LR T TORBEBREAEZTOBBEOKR, HEEICEEE OXRMEHKSHER
Efr. K112 673K T~Y ¥ LARRE L7z Fe-9Cr 35 & 18 Fe-9Cr-2W 1 D#{ii /L — 7/ R E BB O ETFH
WEEB () & RBEEOBHBEREEEGE) 2T L. ~U 7 LABHBEORMBOBEE X, EFREHOE
BEHBLT—HULEL, V"7 ORERPMREI NS Z L BHALNTR o7, Z OBERDIREL,
873K BH THHEE I, EFHREH CINV—THERIIER IRV OIZR L, ~Y U LBH TIHER
ELTA—FOBRMBEINT. &5IZ, 673, 873K WTFhoBEHEEIZB WV TH, Fe-9Cr DFH
DIRWRH B CEML— 7 ORBHERINTE Y, Fe-9Cr-2W TIiI/N—7OBERSHfl SN D Z &
BEHALNIRoTz. ZhbDOEE, Fe-9Cr-2W FOF—_—H% A XFF[1]THD W OFEEBIZ LD
LEZ bz, Fe BTk He L RFEALDESEHe- V)R FRREFO 2% L, AL — 7 OBAER
RRHET D Z L BRHER SN TWA2]2, Fe-9Cr-2W F T, A ——H A XD W BFRFZEFL L8 < tH
HERT5Z & T, He-VESEREB LEMLV—7OBEERBIGl SNt EILLND.

—7F5, ~NYTLANRTIULDOFERIZEBW TS Fe-9Cr B L U Fe-9Cr-2W IZB W GEWVWARBER I, K2
121X, 673K T~Y 7 ABBS L7 Fe-9Cr 3 L T Fe-9Cr-2W 1D~ 7 AT VOB FBEMER (L) &
BN HEBESYTZDIEANY D ART AR LED 5REROBH BEFHOLE(H)%Z /R L. Fe-9Cr-2W i1
Fe-9Cr (2RO AT TR BPIE SN TND Z LR ond. -, 673K BERE TIIV A3, 873K R
HIZBWTHREDHERMPBEREINT-. ZOHEDER Y A —1"—H A4 XOFMTE W BEEL T
HEEZ LN, T72bb Fe-9Cr-2W FTI, W LRFZEILOMNMEEERAICL D AT VO ERD
He-V OEESLBEI NG SN R THDI EEZ DN,

0 1820



[1] H. W. King, J. Mater. Sci. 1, 79 (1966)
[2] K. Arakawa, K. Ono et al. J. Appl. Phys. 89(2001)4752-4757

27x101°

-

8
\
N

@ Fe9Cx(He)
OFe 90x (of

Ml Fe 9C 2% (He)
I Fe9CW &

volume density (/m®)
o

aat

K1 673KIZT~Y v AR LICRBH OB —7. BTFHRBSER(E) L BRHEEE).

[oHe m?)

2x10%° | 9x10'® | 18x10%¢ [ 27x10

45x10'° | 60x101°

Fe-9Cr

Fe-9Cr-2W

PR

@ Fe-9Cr A
M Fe-9Cr-2W i

{2 A
P 2

] &

¥ A
1.
&,

L o ® _,-f"

Curnt arogl il
™,

LY

Not observed

M ocnce tl He m'

2 6T3KITTAY U AR LRBPOANY U ANRT V. BFHEMER(E) L BRIEHE).

FRRR

K. Ono, M. Miyamoto, K. Arakawa and R.C. Birtcher: “Dynamical Interaction of Helium Bubbles
with Cascade Damages in Fe-9Cr”, 13th ICFRM, Dec. 2007, Nice, France.

H. Urabe, M. Miyamoto, K. Ono, M. Tokitani and N. Yoshida: “Degradation Process of
Reflectivity in Stainless Steel Mirrors under Irradiation with Low Energy Helium Ions”, 13th
ICFRM, Dec. 2007, Nice, France.

M. Miyamoto, K. Ono, Y. Mori and D. Shitabou: “Difference between Helium Retention Properties of
316L and 304 Stainless Steels”, 13th ICFRM, Dec. 2007, Nice, France.

WL, EAKE, NFEAH : [Fe-9Cr2W 0 He A A+ BHBREIC 525 W WNHE], AL
B¥£ 2007 FRKFERR, 2007 E9 A, HR

HNFBE, BEhE, TAKE, NEFRKN : [Fe-9Cr-2W 1281} 5 He fRFEFHFEIZ S 25 W ORIR Y,
AA&RBFR 2007 FHRFEKRR, 2007E9 H, KE

EANE, MEVES, PEFRA, S B, PNEFEKE, HFRER: (N ULARKH LT T AvBEA
ER I T M ORFRMSLES), BARSRBFES 2008 FHEF KRS, 20084F 3 H, HK

WFFeRERR

HAREKE NEFRAM(BRAFREETERER), A FHETE UNKZEISH 20 R #0R)
HRWMAE AN E 2, EEHL e, DR, BOEKL, KEMBA L CHRAREL, PILKISHH)

0 1830



ERMBTICRBTDRERMEKERMEELOBMEERCET 2HE
EmerEHEl MmERe

H#

TIATHMHBORABIIBD CTERBEOKZERMECBINS , AEXNLEEM BT
EATDLEBBRBURTFELRAMB R EIEEAL., KEOWELBXEITZ &25a
bhTWs, F—REAFSFHNFEEZAVERRELEORIOWMEICLY, MeskhoEF
ZHRICBITHAKROHEBREZOEBRNDHEILIBELNIR-TETWS, ZhbD/ERIT
WHRETO—BORRER L ERMNLRBAMEZETIN, S%OFTRICEELREEMEL
EEACTFHLTWS ZDICRILRIEELPLEENG, TOEDICREBRNOLRERES
RLEDOHBEBPVERAARERZY, BRHBLONF 2 74— FRAy 7 S8 -HELZRBEL
TWDOBRHRATHD, WHRZBERBHWFEHFRRFICIIAERME L HE L 0K 2E
HAEREMATI20RCELE-FHEES, CONBFIIEBELEFEZERKEELTVAED
I, ARFEFREZRITT 2L THENARIBFLERCBIIZELVWERSHIFETE B,

Rk

AKFROBBIX. B—REBEHSTFHNF2HCC,. BETORFHUHEERLZERRMBIC
HETIRIEHD, ROHTFHHFETIE, EROCHLATVWAIEKOBBWMEELE
RTD2E5%, BRUBEERART VY VERET D, —FH. AHETAHVWIE—FHE
DFHNFETE, FEABEEKBERCESE, FEORFEB COXERBOETFEESH
FPHEL, EYEEMMAPLOLELVWHAEERARTF VY LEBFHBOICKD 3,

BA~DEKEAA VHLAAERTHI0.63, 0.43eVOREz v A A —IIRIET 5K
FHREAT—URBRAcATWVWS, AOHEEHENR (BNT) X3 EERLEOEENL, =
NETERFELLKRKEBRFIIRAIOBERRIAVLF—IHRHET I EELZLOATVWS, Z
NERIETAEZDIC GREF4AEPLEDI bec BEFLORFIBEIRIVBRVWTHERSE
LE2EY, ZO8HEEYA MIE (FNILVETFTRFEATLICAL> TTFREMARE)
RKERFZ 6BECHEBEIRLITIRFIOREREL LIV —DE—FRESTFHHE
HEEToE, ¥, FVIATUVROWTHRAKOHEL T2, KB TIIEENE
BERBCESWEVASP2—FE2HAWVWE,

e AE R

AHBECLIBEOHEARER T XA F—132.18eVTHY ., R b vy HEFAVWEE

BRIE (1.4—2.0eV) LHVWEPELNTZ, BRBBTOBRT RNVX —%E; (Fe;,). BFM
LB (4EETA ) CIEOKRFEFREBRLEZBEFOBE T RV X —ZE: (Fe,H,).
HRFEALLnBHOKRERFLORDI ISR ZI 2 ELHEBBFOBR-ILX—%
Ep (FesuVIH) & LT, BFHIME 4HEEYVA L) 2BBILEAZERFLEISRAIORES
T RNVF — :ey= Ep(Feg3ViH,.,) - Ep(Fes,V,H,)+ Ep (FesH,)— By (Fes ) 23 E L7, A
HREEBRCBEAINTEARHHAT -V LHET L BxXALF—D DI KEERFI
2EPEEND VTR B RXAX— I3 - EOKERFNEENDZ 77 AZDFELT
ANVFE =L I —B L, =5, KERFZ2MBEELI7ITRAFIDEE, ENMTICL 5 FHI LR
D, BEIRAX—IZEB TR NVF — : eg= E; (FegH,)- Ep(Fes) - 1/2 E; (H,) £ 0 & /1
SVHEIR 227,20 BFRMBICHOI26BEDOARRRFV 7 FAFICHEATDHEIN b,
KEFFELELTRAPOHTWLSFRZRAEF—FBIRIKENILEZERLTWVS,

G T AT (bee) OWTHLEAKOHEERTo, HETHBONEAAL I ODEME
DEBEBOEKBEHERBIERMEE I &K LA, £, ZAFRIALX—DHEMIX
3.25eVTH o=, HBRAZIZ, Finnis% (19844F) ORBRUWHEEARTF v vy L2 AV E
HEBEIL3.71eVTH B, $he XLV FRXAFLICHOWVWT, SRIOHE AN EREESZ R ALY
— 5T, WThb, I-2FTCIHEE—EORKAETRALF—%FoN, 3@U LD
BAE, KERELtOKBEBEEA CRHRA IV -NETIE2/RE 2o, £72. 4

0 1840



HEPLEHDOLTILKEZ RV —OEIEMTIBERMBR LN,

: R w:thout o
w .
124 — 8- WIth £,

>
1
+
I
/
\i
I
Formation energy (eV)
o - N
" 1 4 1
1 1

binding energy (eV)

1 2 3 4 5 6

number of trapped H atoms Number of trapped H atoms

B1:6, Sy 7AT7VHORRTERLLARE H2: 4 7 A7 Vv OBRFERLL KERTH
FORBETXRANX—OHEE. OR¥umiRE = BRAELEBAOHR XA ¥ —,

AN L OWMEZE VR, WAL, gL .
FYITATUDRROBEET R LF—. —HER ef(VH,)=¢, =) e,(i), e; =3.25¢eV -

.Y TATUVOBED, BEFZEA»H < b =1
JI2AP~DOREDOBBZ RNV F —,

R

BV TRATF IOV THR, PolEBc XV —DHEFEVWEHEGR LGB LS,
HBINTEKRFEFORP1I-20BE BRFEALOSEHEY A MR ICHBIAT-KE
RFo¥foe ARBc XA X — 3R FHME WESY S L) COPo SEHRLX— LY
HbAERFIMYE -0 #160meV/ NSV, 8EEY A M2 G 0HEE FITHAOESH = XL ¥ —
BPEWZEDBRERFETH D, 2E0, BFRMORTF Y VREOEERNE FRNME
IVLBERODDRILERLTWVWS, . BHFAORT Iy AREBVED, HEBEILT-
KERFRZEALORMICB - TRBEARADGERESLEZONS HWBINFEFHAI@EL
ECR3s  KRRFIESHLVOP o RmEBH XA —BHML. BFRIMCBOLD LA
WEZ b2 X525, 2hid, KRFEFRALTOREMEEEARBI LB EDEEL LN
5,

FUTARATVIZOVWT, AEHOHBICLVBONEAERTFORERIALX 05, K
FRFERBLULEERFZEZAOER= R A X —2ROEEELYH22CRT. DOBEY . B
ITRNVFE—DEIIHBLAEAERFORSIHMIZIEIEETL.IAULEEL - BEICIIW
TRV —RNAOHE (RBER) t2s, 2hid, HELEKEFEFORP B VIZVHE
RAEALOBRLHREIBEBREEMIIHERTIZEZTBLTWVWS, 2L, BHE[REX
ERFRE 61(8)663 1IN]IDARALY vV HHEZRAWEANFNEZ CLINIE., AER
FLEEGLEREOHFETEANBRNZNICEVERRTEETLI-DIIE. BFRARE
FOREPTHIEVWLERD D, BBEAFO 77 A~EHEERAICBWT, 2B ED
LIONREFUETHIEENDIONISBOHERETH S,

RE®E

DEDOHREDO—#IT, BARRTFHER200TEKDO KRS (20074F9H 27—29H, LA ME
BBEE) OMEBSEtE Ly a3y TRFFHBBEOALF Ry —ABFICHIT-E
RETNVOEE{L | . IAEA Research Coordination Meeting “Data for Surface Composition
Dynamics Relevant to Erosion Processes” (20074E10H 17— 198, IAEAKRE, w1 —)
COBEFERLE,

O 1850



BERE P EIO T AR MG+ 57V THE

ZTRY, BORZ' BOEK, ©BEEEP, B 0P, ®mofeh, MmELRES, % ws,
THER, FL R, =HEEE, ZFBES
DEARTREIH, DRSS, HEKI, btk k<, SHZEEH, 6)FKF

1. RLBIC

SiC/SIC BEMEHT, BEE 2 PHFAMBFRINIZEMAFE TS5 7 v P OBEME L LT oA
ENTWD. BE, S<OMBRBNCL > T, EHBF, SBRAPETR, 4o mEsss s Av-Bi
MESBANITED LN TVEE, WThoBHEL, EROBBMESFORE&MHLIZRZ 244 TORK
2%, EDH, MERHEZEELEEREFRIICE VT, MEoRARIZET S v—Y v 2 RUE
WKRELEHIDE/RDVRIUCE->TVD. ZOL S LEURHESFE- TE LN MERRT— 4 %,
EROBBMEFORA CHRINAMBBREFT -2 BRI - LncxniE, #hit, S%0OMEm3 -
A - FARHE - FREOBEEEMICH L TRERL ST AR S. 05 RBFRIELO R % REHAE
ERESED, Bald, BEME Y I 2L —2ailioTIiNEERLLY L EZTWA.

RAEMEAIZIE, B4 OBRTFRESERSN, I 7 olBHBEL, MEOBESENEL (Hik) +5.
F¥IZ He F DA ARMMOMEINOZEENY, ZTOMEOREME LB T2 LCEEREF L2523, SIC/SIC
BEET Iy 7 AMBOBR TEBIIX T 240 ARMBOPREOIREIL, HRMICLIBESIEND ThH 3.

INRETHRXIT, €BANO He #FBNZRT 2 EBRNR L CEBROMELIT- TE 722, 4%1%, SIiC/SICHE
BMEHIR T 2 ATMDEERN OV THLHALIZLTWL . £ 2 TEFETIE, £OEBOHIZ, SiC/SIC
BEHERN OB 4 OB RBICETHEB AT A —F ORBE2T-o7. BEMICIE, STHHFEEREST
B-SiC h D REEREEOHR T XN F—B L OARBOBEHIT XX —DFEEITo7-.

2. H

AT IZ AW IR FEIART 3 % /L1 Gao-Weber RT > ¥ L[1]Th B. Zii, Brenner [2]% 1 T DKL
RA=F—=RTF %V Thd. MD BT Tik, BRRNICEBORMBRLRFLERBL, AMRIBETHICE
MESEHEREITUFL, ZOLEDRIRXAX—EEF. BohTIAX—L0, KEOEE-
FNNF=RBH RN F—2 B L, ZZCRBOBRTINF—LII, BLERCKBEEATION
BERzANF— (CRFEHTICREEEALLBEOT XX —1NG) Thb.

3. &R

B 10X, p-SICHDOE—DSiBFHET () BLXOCHBFRET () OREMETHS. B SikFH
BT TCRAR 450 CHRFR7ICEEN-HEETLEER LZEER) © CHTFHREFIICC
SN (CHBFRFEBRTFREEFLERE) ThY, BRI IALX—1ZFRER, 3.17eV L 324V Th
2. ZTIT, BHBETD C-C,Si-Si, Si-C DR FEiX, pure 22C (¥4 7EVF) , Si, f-SiIC ENEFhDE
L&D C-C, Si-Si, Si-C DEHR L FRIIFEZE L R->TEY, 20L5hFFEBLETIHENR
LbRELLEEXONS.

B 2%, &YAXn (REKFOAXMBOBRE) 10T 5B FRIFETF (SIA) £E8FB LI UEIESEOT
RTAAVF—ZR L7 bDTHY, MEROHE LRI, ThEhan'+Bn'? L UCh+Dn'? OFOK T
REDZ LMo, MEBEBOTINAF—ZIINEL, Zhidsk (Fe) REOHERBDBELITKRELRARD
BERTHD. FRAEOEEICEHL T, SIAERSEF DS CiE, #hFh LR TR LETCRARK L UC-C

O 186 0



BN RIEHRLTWE, £, ZAESEICE LTI, SIZELEECEAKDO AT U ABBENBIZH-T
BRIz T o FH A D RMEOFERE & A TEHEEIC A2 > TV E[3].

30k, BE—oSilFREETF (Is) BSBEYA MNPy 7T 3BORT VU L RXAX—ELERL
HbDT, ZRREIBBTRNLX—Ld. AREETCREZTDIBEMIRLILET, KOBE LY HED
BRI XX — (1.58eV) 2B/, ELICZDOMEI, dynamics RHBEIC LW BoN-BE= R L¥—E (1.52
eV [4) &L LIEFITEL, XARFROFMAENER SN, £, ST (Vs) OB XX —0ORER
REE 41T, (DD, RRT v VBRERWTEE ShZIREM4ILRLTWS.) KHET
BONFSIZHAOBEIT RLF— (1.80eV) 1%, HE (235eV[4]) LV HIEVWETH DA, Zhidk, X
DFiE (nudged elastic band method [5]) THRITHAHIEMINRD =L THS.

S#%IL, I EMERARBOTRK - BEIT XX —ICHTI2HEREME LML, FRRZ, SiC FORME
BIROBZER - REDOET N, LT, TARMHERNCETIETNVEOBELBRT.

25 S — T
B -SiC (Gao-Weber potential) ’
s BCC Fe (Ackland N-body) )
3 o
@ 20
a ) r 1 1
% 7 Eqaue= 0.81n'+2.41n"
§ 15 SlaclusterinFe . £ SlA-cluster in SiC
k] Ao " j
T | # R
k] e
] 10 ¢ e e 1
o o ‘. .-;'é;-" Y
§ . g' : Vacancy cluster in §iC
S sl . Ops*ts " EY =275 0250
C-CHR LB ‘g p-“%& Vacanc} cluster in Fe
B1 MSHTHMRT (D) BLUMCHFMRFE) ORERE o , 7| MD data for SIA-clusters
OTCRAR 4>OCRFRFI~EFTh-mE kb LESALLEER & { MD data for vacancy clusters

0
OC-CHURLE CRTRFERFRERALLER 0 2 4 N 8
Total number of point defects in a cluster, n

B2 REEMEFOBRIRIILE—OY 1 XREFE

6.0 , 4.0
—e— Relaxed at finite temp. ' —&— Relaxed at finite temp. (present work)
—w—Relaxed at 0 K —a— Nudged elastic band method (F.Gao)
1
B -SIC({Gao-Weber potential) a0k B -SIC (Gao-Weber potential) |
' F. Gao
4.0 <+— Relaxed at 0 K _| Ve,
~ E"=4.07 eV _ ¥ Ex=235eV
i 52.0 F -
w
v Relaxed at finite temp. ¥
20} Et=158eV

1.0+ present work

EY =180 eV

n i P
0.0 0.0 0.5 1.0 0.0 X 015
Relative distanceon [0 -1 1] Relative distanceon [0 -1 1]
E3 St FMRF (1) A BREBH RS T 200 H4 SIRFEH (Vo) MBEBHAASv T 5D
RFLPvLTRN¥—F (L REFo eI RNF—KL

BE W

[11F. Gao and W. J. Weber, Nucl. Instrum. Methods Phys. Res. B 191(2002) 504
[2] D. W. Brenner, Phys. Rev. B 42 (1990) 9458

[3]1 K. Morishita, et al., to be published in J. Nucl. Mater.

[4] F. Gao et al., Phys. Rev. B 69 (2004) 245205

[5] M. R. Sorensen, et al., Phys. Rev. Lett. 77 (1996) 5067

0 1870



BT — AT BRI BT 7 A MERI B T BB

[B=]

AARF O EHAREEME I, JFAORERO
ERFEHLBREICESEN D& VA RAEREED
DHH, WMoy LR LRI L i 2 RFMEE R
PRI LV EEIIEF MR ICEE R
HL, RHICOE2RE~OABZERT S Z &
ZHH L LIINERHERER S 27 A (ADS)
OBEREEIT> T3, ADS i3, KEERTFINER
EEREFPETR, £oPEFROFEBICER X
hoRFMEELZITRE (FL) THRREShD
»(E 18R, EB#S—7 v b (PEFR)
HREHM & L THERMRECARARAZAVWEZ L %
HELTWS, ZORERTRAZ—Fy LK
BOAVE—Tz—RL LTHFE—LEAR
DEMERITL TP, ZOEHTHIBAREE L
LTHEOE T XX —BT ot 5 R H
mERBTOND, BT RAX—BFHRBHICIER
ENBE—LEARM TR, HEPOAZER IV
N T LAHADERBEIBDTEHLS, ThbDH
ARIMBPICERINS L BEBLO—RE R
52L&, ZOXSRBEBETTOMEIHROKE
RNV LT AEEEHZRET S Z L1k, i
FHMFMO L TEEL 2> TW5, o THRFE
TiX, MR b0 H A BEEEIC T 55
MEMREBSHNT, KEBLIUNY UL S
VEASNIEME O F R A ST B LN
EAREEE & 1T - T,

[ =BG E]

AR T, ADSIZEIT 2B £ — L EARE
WBHETHY . POBRIEIFE L LTOER
LbREINTVWBEKRAE7 =54 NHAF82HE
AWz, 4 EATIVNKZIEH D EFEFO
BT RNV FX—A 4 BREHERZ AV, SkeVOHe'
& 0.5keVOD, 2 ZNEFNHEHZ LV EA L,

H AR T /BB S J-PARC v ¥ — HEDO K
He'BBH TIXRHIRE SBKICBWVWTREAR
1x10*' He/m” & THH 217V, E 72D, BEHI=E
THREAR 1x10”Dim’ % TfT o7, ZZT. D'
FIZBT B 05keV & WD ZRAVF—i, SR
o LT LBE2 bRV XL ¥ —
Thd, BEEORENI, ERA A E—LMT
¥%E (FIB) ZAVWTHBMEFHAME (TEM)
BERHEREZER L. TO®REIRREREBR
BEEE (TDS) ZHAWVWTHHT Ao E21T-o 7,

(KRB LUBR]

X212, He' PHRE%IID, 2 BRE LRE O
BARBIOCANY VLA BHBERA T bV &
Y. TORRLY . EREOKHIT 600KLATF
DRETIZIERTTI0IZF L, ~Y v L0
IXEIC KL EOFRBTHEDZ EBALNE
Role, B3 1A~V U LRE I I-REIONEHE
BEETH B, 873KT 1x107'He/m* £ T~Y ¥
LEBET B L, REEFICANY VAT VRE
BEIHERENDZENbNE, K2 TRLND
XA~V v LAOKHERL, ZOKI RNV Y

X 1.

0 188 O



INRTNVOHEBICER T2 bDEELZLND
WA~ T ARHRB I A REFRKICEVTE
KEOHHMBRONAZNIE LY AU T LA
TNMIEAFRLZRSBEL 2V, lIHEARRIT
NYOARTLVHIIHEINRZWEB O
5. —F. M4 E~) v LETRELEZRE
FTRE T o TWWEE b 0 EAEBBE
AN MERBLELDOTHEIR. ~Y U A
T RS SR T 23K F O BEAFR K
U=, ~Y U LRBHM & 3 L 30KIZ
EEBEMC 7 M TR b E RS T,
ZDE—=77 NI, A~Y Y LAANTIVEBROE
HBILEKRPHEINZZ LICERT S &
EZAbhD, ZOX>REBKREHRHEBEY—7 DR
BA~DL T M, AL R ULV 2T —BF
EROSINQIEREANTHZRIALX—BT
BREZITV.EFIIBEEDOANY 7 AT N
TR SN T=F82HBAD H A S ic BV T
INECRHERINTWAERAETHY  KER
X A~Y T AT ARIKRTRICH L TR
BERIZRVCE2D LT ZORBERHT
WWAKROWHBS A FELTHRELY B L %
MmO HbDTH S,

(R ]
FHFFERIRIL, 2007 12 AIZ7 TR - =
—RZBWTHRE I N-F 13 BIER S FHE
EER=# (ICFRM-13) 128U\ T, SUMNKZERG
RNFHEFROERETEER. BUERHEHR
#LEEDL L, The trapping behavior of
hydrogen F82H
ferritic/martensitic steel] L THE%21T> T
W3 HDTH Y, Journal of Nuclear Materials 12
BRTETH S,

and its isotope in

Desorption rate (Dzlmzs)

Desorption rate (D /m’s)

0 1890

—
(==
3

o l0]7

(S, W/9H) el uondiosaQ

10" 4(-)0 6(.)0 860 10.00 1200
Temperature (K)
X2 BEARRBIOCANY U LDRIRBM
AT hv

K3 ~U v AREREONTER

10"

He irrad.

=]

10" 107 2

S

=

2

10% g

ﬂ

7

10" N’a

. S

no irrad. B,

10" N N N 0' e,
300 400 500 600 700

Temperature (K)

K4 ~VULATREME X ORRBHHE
DOEKRFRHBART bv



EEREEAN)ODLTSATLEB/ILRAERRBSICKLD
BUTRATUMHEBRICETIHR

WRREE AHBRFEa M7 REWER KBEE
1. [FLE®HIC
2T AT ITEBREEMAEFE (ITER) CBWTHFANR—2HICEREINETETHY, DEMO
FOEEEREF BV TRE—BEOFEAHICETOATWS. MATL—F—HBADEDDIF
— ¢ LTHHEASINDZ EBRFTFTEIRTWS., T, A9 F YV TREULTOBE= XX — 2
WTH, BRTFREENY VLTS F AvBHRIZEK

D2TCH VT AT VREEHETANY U LANRTLRFE 50 eV, 1800 KB e 90 eV, 900 K
—ABREREND Z L REBRNICEID LR TE T “ & el

E@1). REEHFTOMICEO S ra7y

DORHEDLHINEZ 5 &, Edge Localized Mode O g .
(EL) RF 4 R T Fra iz ST D BIR MR8 ey , %g;ﬁ Ly
BRICL o TH VY TATUDBERT I LNEE 0 =2 e g o 8 200
ShTwa.

AFEICBWTIHE, ~V UAR—UAERSh B1 IS5XTBHIZLEZ8VTRTFUOHHORE (£
T v T AT 8 ns DIV ATED Nd:YAG L — BAMRAYYLTSXT, ERNERETSXI)

F—ROY T ns OXNVRBEOLE— L —F—%
BEHL, MRAOZBATNIEKEBEL ST
TRAT N RIETHE Y RBRICHAN. N2 T,

tlu sten plate

. Nd:YAG

U TRTFUATOREE{LEZIVGE SRR E  laser
L USRS L 0ok, -y sz s A A Ny /chamber
MEERIZOWTOEREfTo . o
FIRE| 'Q-SW xcco;J CZiM@r
2. REAKE i y
7 :/y‘Z?.‘/’\O)jﬁ fvﬁﬁﬁ@%%%&éfl ; delay E PC
DICHEHBBIANR— S A B ERER {&?g" S I

NMDBH%%WT,EEE%§®73X7%H‘M% :

2{To7, BIRABRBATEZERET -0 — generatori

#— (N&YAG: ¥ & 532nm, 7SV RAHE5-Tns, &

v'—: & 694 nm, /LRI 600ns) &z, H2 =REERER
FUTRATUVRARBIR T I A L—HY—lzxt LT

45° ODAETRE L, 77 X~vBEPORBHEEIZ 1500 K & L, #7227 DB OT
TANE—BEF LA AL T 77 CCD A AS (ICCD) 2WT, L—¥F—%R
NEOF L IATUBERXEBELE (®2),

3. REHER

K 3 (a),(b)ic =3 & 51z, Nd:YAG L —H#— (A=532 nm, 2kd/m?, 10 Hz, /XL XiE 5-7ns) # R
HLESA RV —RBFHECRAEENSFNICEREShE. F—A2SHEFICHLT,
SREDEBCEFEX2ME, BETMMELZITY &, BAMIIHEVF—L O LBOBEENFINIC L
ALEBML, TORBRF—NARBELTWAIEENTRINE.

=NV AEH RV E— L —F —(A=695 nm, 0.03 Hz, /3L X8 0.6 ms)BHICIWTHE, %t
MRBERBBREINS. K3@),©),e)iE~V TABRICIVIBESST-BERERY VAT

0 1900



(@ENDR VT FXT ATV —F VT RF 8
BEHKETHY,b),@d),OiTre—1L—F—mR
HEOHRFERLTWS., L—F—HEEMN 70
K/ BED L —F— U — TR — U HBEE

SRNTVTHLREAOKRTIIEL 2V (X 3
(a),(b)).

—HT, —HBREL—VF—HENEVRE
it (B 3(c),(d)F—NMZERLTEY, R
BEAR—BEOICRAICEICETCEY BRER
fELTwWaeEX NS, Zhid@Emir—
P—IZBHRIZLY IS A=tk 34 25
YORBRELEET A ENFETHS
LETBLTWS, (@) TiEHR— LTkl %
YIRT v OMHMBERERINEENRE
ELLTWAHETHY, ZOBREITITL—F
—IREA 100 kd/m? LW Z LB D S AR
DGR R & (f), il O BIEBER IS BT
HYLTWBEEZLND.

—FH, ~NVUALATSTXvBEETIIL—F
—RT—RZHTBE T AT RN OREN
REETUL (K 4), BRLBARICHT
HMERKESIETLTWAZ LR EH
Too V=BV RIZLBZANY TARTL
WEOBRIZ Y v FRF e ~Y & LAHEERREY
WWHRHEINDZ LB HLICRBENRZ@S),

9 T T T T
- 10’ . i
g |
s
S 10° s 3
> 1
."'5 4: "
c 2 =
8. sk . i
c 100E ;
4: 1 i 4 i J:
400 800 1200 160!

Laser Power[mdJ/ cm2]

B4 FS5XINBEIAE=L2TZFUANGYAGL
—Y—2BELEBOAVITRATFUORFORYE (O
AYOL+BKETSXT 0 SBH, A AUYSHL
+HAKXRTSX7 90 HBH, O EXESSXT 30
bonilip)

BERBE GRX. FRERE)

R e i
eeme g N %4-.& " \"M e
B s A . -
te o S ¢ FE O o e
a E@?;ﬁ»ﬁ'ﬂ‘x .t igﬁA et ﬁ “'gg
. c 5 8 4 g ““;s} = ‘ ,j.%p.ﬁ
N Yot A
.\hﬁg 2 e e Y W e
2
» ‘*&;}

B3 27X FURED SEN 4.

(a).
BHEMNZNEETHY, REBE 1600 KIzBWLWTILIVX
3x10%, 9x10% and 3. 7x107 m2 DAY S LA AV BHEF -

(¢), (&IFL—¥—

. ), d). AOEELEh@), €, EORHEADOLE
—U—H—BRET->EORED SEM K. (d) IXR—ILA%H
ATWAN, VE—L——BHRIZKY REBEHNMAEE
FTHRINZEL—Y—F=— o FIc &Y REMRBIH
RERDHIEERLTLS. (e)OXRMEITIE 10mm F—H—D
NAMESHEShTEY, COBSITEBRTORMCEEMN
BEELLTEY, BLL—Y—BETLREMNRAICEY
POESITEROEBNESIS.

P et 2 e € e e
’ EOR AL S EA S T by
: averRi Ty

15 mm

AN LEEHTW
0.8 Jicm?

W targed

~1)ry LEBETW
1.4 Jlcm?

T

i 5oy
Wtarget 15 mm

B5 JS5XIHABHEIAEL2UTRAFUANIYAG L—¥
—EBHLEBDODI D ITRAFURFEAYIDLEFIOD
RAD 2 RTDH

1. 8. Kajita, S. Takamura, N. Ohno, D. Nishijima, H. Iwakiri, N. Yoshida, “Sub-ms Laser Pulse Irradiation on
Tungsten Target Damaged by Exposure to Helium Plasma”, Nuclear Fusion, Vol. 47, 2007, pp. 1358—1366

0 1910



7T Xttt P OKRRMERTANY U LOHE - RIHZEENICBET 2%
REAT BEMHIRAOH e R R R

[B&]

D-T HREFIZINT, Bt LTER SIS ) FU MIBSERRETH S Z L D DEREIFNTO R Y
F U LOBEEB DML, HREIFOREMETHEOB AN LIEFICEELTETH S,

BREIFIZIT 57T A tMBEM B OV L D& LT BESIC 21U ETIHRIERET I v 7 ABE X
b TS, D-TEMEFUGTIE Y FULEII LD &3 HABRNEOMIZANY T ABLER L, ZRHIEH
TRNVF—TT 7 AHMEECRBF SND Z LB OND, BB S Y F U AOMEH COREE
B RIETA~Y U AOBNRICET 5 M RIIBMAFORSMOBE O LEEICR D, T T, AEEDR
EMFFETIL, SiCIZIRF SN EKROBWEZEENRITT Y U AOBRNHER LU U AOHREE O
BAZOVWTRRETL 7=,

[E5]

AHFFECHER L7 BHEB-SIC TH B, SiC IZOWTIZ LD L B & LI MEVLE 1323K T
+aEHT o, DB, ~V VAL AL HOYWWEAFA AL ONDOBRET7Z, TOBE, ~U AL
VOBKEME, A AT RAX T 13 ke, A F T T v 7 RT1.0x10%8 He' m?s-' THY, 4 AT
VA 1L0x10% He' m? Thotz, —F, BRERA AL OBREMHICHONTIE, £ AL TRALF—iL 1.0keV, A
Fv 75 v RiF1.0x108 D" m? s THY, A A TN RF 1.0x102 D m? Thotz, BB, B4 AL D
BT RVF—ZONTHL, TRIM 2— FERAVEERREL Y, BEREBE—IRD L5 Rz fAF—IT
REIhi=, SiCITIX D, DAHDRE, % LT He' RS (He TR D, FBEH I L O He H FREHD, FRH 1% He'
HBghD 3 BOBRETV., TN OV T, FHRBEEH(TDS) % AV T 1323 K £ TOMEE 30 K min” TfF
ofc, IbIZ, LFLORNSE T He' OAZ % BEH Uiz SiC 12kt LT, JUNKRFESH I ER RN BV TER
RIEFIMSSEM)E AV - RABLREBE 21T o 72

ERBIUEE]
B 1 IZEFHF TR L7 SiC 3BBHIBIT 2@EAFER L VO~V UL TDS 227 M ERT, B@&.

Pre-He' implantation
Post-He' implantation

o Non-He' implantation
3 @ﬁ Pre-He' implantation
F g .
Post-He implantation

fim]
js]
o @
D n
[y
C
2t g T
a
= =
uj ey
u}

1

N vity .
l CoL
« 1
”
s e
I3

QLo - . i oL \ \ i i
300 500 700 900 1100 1300 300 500 700 90 1100 1300

Temperature / K Temperature/ K
H1 FHRETHREIWE SICRHIBIT 2 @EAZERBICMA~Y U5 TDS A7 b

He desorption rate / arb. unit

D, desorption rate / arb. unit

0 1920



SiC I3\ D EARDOHIRY A b & LTid, 800K & 1000K D_FBHFET B L idbh o TEY ., £-2n7
MUZOWTIESID R, £LTCDHEL LTOEARBIEY A FTHHIENINETOREL Y bhvo
TWB[1, Fiz, ~U ULBHINE SIC BBHIRBWTIE, BEABEOBEEITEOT - E8bhY | i
He BRH SNBRTRW I ZOBAOBII L WFEETH B Z L itbhol, RRERICOVTIL, He BiMBSE
CRWTIIEAROMIEY A b ThIEREFPIC He' BPHIR SN TWA 2 b, F7-. He BEBHERCR
WTIHER SNIEARD, BE SN HelICk B3Ry # ) 0 S OB 21T 5 - DEAZEEEIIRT
BT ETNRENT, —F, ~Y T ADTDS A7 bAMDIL, BT He BHEIFICBWTIEB X% 1000 K
ZHNE—7 PRI, TOE—27 2B L Tid He BHIZEENT Y X PR LI 2 EASTRB I, %
Tz, HeRTRRSIHIIWTIET Y R F TR D D IREHTIZE D 7Y X & ORGSR S h iz,

2(a)i% He BRI S 7z SIC (12381} % SEM BEHEHRER: (F53R 100 ) TH Y, F7. (b)ik He skBEHEEE X
W O)i3 He FREF RIS A HEK L 72 SEM B R 2 7R37(b, ¢ IXAZ5R 5000 1), B 2(b) DRIBHFEEIRIZ IV Tt SiC
(CHET DREHER OREIRABAEER S 7203, BFHEIR TH D H 20V T & 1388 bz Bz 2 REIR
B sz, £, OBV TIRZ Y AZ bBREhE, BEE B 1 TRLEAY 74 TDS A2 k
NE—ETHRREPE LN,

X2 HeB& Shi- SiC 2T 5(2)SEM EifR, (b)He RBHHFEIK, (c)He' BETFERIZIHIT 2

SEM H @B 82451
[Rak L USHRORBE]

SiC IZB 1T DARFRNM AT RITT He RNSR 2RI+ 5 72912, He' BRI IZ L 2 BEARRBSY
BRI KOS 2REETo 7, ERERLY ., HeBHFIZ L Y D, OA DRI & HEk L
HERFHEESED L, B H' B BRBICBWTEDORAII L WEZICRbNE, $7-. SEM EHE
EZRERABLO TDS HIERHR LY, He'BHIIC LY 7V R ORISR Sz, S%IF, SiC PFOkE
[FLE IS XYY LOLERIEEIZ OO TEVEEICRETT 5728, SiC IZRLT D'$aAWE He' o7 L~
VARRACSETRHEL, BFICLVBIRSNEEAROBHEB R IOHEBEOE(L., TH~VTLBHRE)
RIZOWTHLNPITT D, o, EINVZUVADANVTAAF BRI ERE OB EELIZOWT, UK
FICH I ERRATICRBEN SEM, ZEBEE FRAMSE(TEM)H X O 7/ BMEE(AFM) % BV CigHe
L. INLOREBEDFERL TDS ICBIT AR R 2 A A DY T, SiCICRF SNk FR R EOBR 28
RIET A~V LBA RISV TREIZHE T3 T E ThHB,

BEIER
[1] Y. Oyaetal., Fus. Eng. and Des., 81 (2006) 987-992.

0 1930



BRREZIIAT U 2RO RFTFEIS HEREIN (ASCO) IZRIETRI A BHEICRIT 2/ 205

B EAP R R B—.F H—8B
NMRZ: JCRAERER B0 %k

1. B®Y

RFFEOFNEEDI L TRAVLNDA — AT FARRRT VL 2L, BASFIRE THEF B EZT
Bz EY, IEHEREIN (SCC: Stress Corrosion Cracking) B4 £ U S5 135, ZOBBITRFFH LSS
& &3 (IASCC :Irradiate Assisted Stress Corrosion Cracking) &FEIT 1L, BRAELLI-BAFE M A IFE OB H
RES B THIBL RN DD, FOUNT, 304 ATV AROVEE(LE L BGHELHIZ DV T IASCC
RBEEOPHFREBREKFEELR . WM ERO TR BEEEOE VR 70 2B0EOICER T
DFREMEIC OV TERIE L, LA L, 2O~/ BB EEIcERE 52 AMMEBRO BRI >V TUIAEAIN T
VWRV, ZOT-D AR T, #ERERL O/ MEROET 284 O T 228 % BIEL T, BRERINOERED
fERAEITO TV, THETORELSNLY, BEFE LA RIRF R THIELZRE TIL, BRIt L b AT S
O OERIZIORE RGN ZEDBEINTDIEBHTBIN TS, —F, BEAAVBEMICOVTIT, R EOH
MEFTRER S A ES M T IR/R LB RVEROBR T3 ENELN TV 5, AHE THE, EBSPZ VT
RARIZORERSMNELRETHILICLY, BRI EELO B BEFEE SV TR EIToT,

2. ERFE
2.1 HRAMLBE RN

BRI, 316L AT UL AD 204 IEEM LT, M O FERRE R LR, B AV BHAREHT
3mm ¢ x200 z m @ TEM 74 Z7FREL . BEFHEIZ OV Tid 5%iEHE - 95 FHEE VA K T 20V-30 RO D EARHF
BEAT T, BEAABEHT 400°C T, 0.3 F72iX 3.0 dpa TTEMLT, TN TR B2 DT B RICHRRE
FBE K 5X 104, 5X10% n/mi(E>IMeV)&725,
2.2 EBSP I

EBSP#IE 1L, A EICHE 10gf TIHRELIZE v h—RAETFOE L B 1L L, BHATE TITo7, BIERERE D
4 EFTIZOWTEM LT, 4 [EIFEEL 7= Kernel Average Misorientation (KAM) 1%, RIS ZRIE S
DS GNZE BIEBIBA TEBULL b D THS,

3. ERERLEE

BHALVRBHFIEROEBSPRIERERORKRFIZ KR T, ZOKT, Inverse Pole Figure (IPF) IXBIES 54
HHL, KAMIZ ERRDIRFV T —aThd, BREZOBIZIE, BBV ICEAE TTF — 2O KRBT 5H
SPFET DR, RFICEEL RO RN ZEOHIMTIZLAL OV, K2IZKAMOEA 7 Bt
BKFEMETR T, BEICIOKAMIZENICE2AEEA RO S8, 0.3dpak3dpaBET TOEIZR LN, X3
R ATRICIITDKAMD (LB L 7 —# KBRS INE & OBFE T~ T, 7 — 2 REEIT. R HW
IZEVEDFWEIREXIEL T3, &Y, BHE%EREIOKAMOBEINL, BEERVRWIC LS A— I BIL T
Y, 3dpaE TORHF Tl KAMORBRHEERFHEITREN 2O IEN S0 -7, BRI T TEASNDEN T, BLR
FICER T 2700 BLRGEF TGRS T OELE S -5 38, B TR SRIPRIIIRSI LT ERAL v
— 7 BERENBT-HIZ, BRSSO BBES N b DEEZ NS,

4. £&9

EBSP I\ L H#E ML, 3.0dpa ETORSM TIXRH BIKIFEHA TSRV IENBLY L2 o1, ZORKR
Bb, IASCC BEMDRBUTN T2 EER FIIEHOF 5 TRV RIS S,

0 1940



5. BEEK

1] K. Hide, M. Mayuzumi, K. Tsuji, M. Narui, Proc. of 13th APCCC,16-21 Nov 2003, Osaka Univ.

[2] K. Hide, T. Onchi, M. Mayuzumi, S. Dumble, Proc. 10th Environmental Degradation of Materials in Nuclear
Power System, Aug. 5-9, 2001, Lake Tahoe, Nevada, NACE (2001)

(3] F#-—BR, BOOXHE, W KZISAAFHET SEERFARTRRERE $75 (2003)

[4] F#—88, KEXIE, O, UNKFSHEAHFEMET 2ELERFAFERRERE £85 (2004

(5] FHF—BR, BEDRHE, WNKZFISB O EHER LEXRAFIARERERE $£95 (2005)

(6] FH#—80, BRE—, TAKME, WNKFEAHIFMET 2ELRFIAFERESRE $105 (2006)

1 LFEREBRNMEOFH

Element 4] Si Mn P S Ni Cr Mo N Fe
0.016 0.7 1.2 0.031 0.002 12.2 17.3 2.1 - bal.

EBAZ BEAEI HA A BHH (3.0 dpa)

a

M1 &A A BEFT%OIPFE L KAM&O T F]

1.5 T 0.4 T T
Type 316L SS Type 316L 5§
20% Cold Rolled 20% Cold Rolled
0.3
1 ° M g
> 2 s
3 g
s 5 0.2
. i
0.5] 5
= 01 Iradiation ]
e 0.3dpa
O 30dpa
0 100 10° 10" % 0.1 0.2 0.3 0.4
Displacement Damage / dpa Increment of Error Points Fraction
2 KAM OEAF R BKRFHE 3 BHEEMZIZBIT2KAMOE(LEL

T — 2 R RO EE O &

0 190



ARRICET 38 D TRAToRETY RS ORROSEMER

BSLATBUEAN B ART IR s mapr s R me
MNIFULATEREI V-7 W B

1. BY

LN R0 J1 2R 9E i O AR & £ B EFEMEL AV, B xL
X—R7T7v I ADEKRT T AL DI TRATF U TOT Y AFIT
DWT, FRICHEIBRZEBEBE L. ITER F A N—F DT T X<tk
B CHBY L TRATAIRBIT BT Y R ¥ DIBREE AT B,

2. EBRGIkL

(1) Zo 727808 I EEH 1800°C CTH-#t mm2LHEL

(2) 7 X~<HBHER : Kz XX — 577/&x®§m$77Xv%%
HEEHNWT VT RATF L TOT7T Y AR 2 ERI L7, BESEMEtT. =L
X¥—38eV; 75 v 27 X102 D/m’s; 7T 2107 D/m*% C; IBAE310~1000 KT

H5D,

(3) FEBLEE(TDS)EER : 7' U X ¥ DIRRITHE - = HAR DO RFEH R

ZHIE LT,

(4) SEM#BIEE : FiBBBE (TDS)EERZ 7 Y R ¥ Ok 4 12BNk % SEMT

LI,

3. ERHER

(1) BHEAROZEHEAZ:
ﬁﬁﬂj Fig. UZRT X9
(2, TDSEBRIZRBWTT
URZDBRIZF -T2 E
KB DEREW I ©—
7 73400~750 K¥ CDJA
VR EEELEH T B X
N,

(2) 7Y REZDO¥EA
BT Fig. 2l
X5z, TDSEBRZ T Y
R ¥ Dk A T2 BRR T
(REaspI R, 7Y &
ZORERE., TIRAFZD
B, 7V RZD v,
TYRZDED—E.
TYRFDEE) Nk
wmant,

Release rate (10"7 D,/m?/s)

Fig.

300 400 500 600 700 800 900 1000 1100
Temperature (K)

1 TDS spectra of tungsten exposed to the fluence

of 10°® D/m? at 500 K (heating rate: 0.5 K/s).

0 1960



Fig. 2 SEM images of various bursting features of small blisters at the recrystallized
tungsten exposed to fluence of 10?° D/m” at 520 K and then heated to over 1000 K.
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AILEBEIL, FR17TEELVRBE IR, Z2hE TIZ, ERAFEBEMEORETH
5 Fe-Cr&&MD 5 b, Fe-Cr ETNAEEERMBE L L. Fe B0 — T OBENBRIZ Cr 2
RIETHREMETHILEBHIEL T, #li Fe (B 99.998 %) 35 & Uf Fe-0.1at.%Cr, Fe-3 at.%
Cr, Fe-9at.%Cr, Fe-15at. % Cr &2 BT 5/ — 7 OEIRIZEE % TEM FOBEEEIC LV R
MANCRART & 72, ZORBRO—ERIL. TRk 17 FEEBLIOER 18 EEOREZ TR L,

— 5 FEOEROER T, BERBIZHIML TORY ppm 3 —4# — OB B R F
EFTHH N—T DBENIREREEREE X DIENHLNE/2>TXI- (Arakawa et al., Science
2007), A CliL, #i Fe 0 12<111>0— 7 OBEMBRRIZHOW TR E RS2 R <3,
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BEIZIHETHIZ LA L o7, 5%, JVEREERERICL T, ZhbnHE%E
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FIG. 1. Dependence of motion fraction of FIG. 2. Analysis of loop motion. (A) temporal variation
loops on temperature and time. in the one-dimensional displacement of an almost
: isolated loop. (B) wavelet transform of the temporal
G67K 625K 583K  S56K _ 526K variation in the one-dimentional displacement shown in
5 panel (4).
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FIG. 3. Dependence of loop diffusivity on
temperature.

0 206 O



FePt-ALO, 7 7=27—#IEIZ 1) 2RI FEMEE

(FFaa
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Bz THRET D,

(=8 51E]
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F) 75 ma T —EETHY ., A AV ARy T
X 0 BBHERR(FePtssPtys)ar(ALOs)s; TR E - b D
Thd, ZORBHIH LT, ETFEEFIZRENT
650°CT 20 /YDA L7, £D%, SUHK
FINRNERRFICRBEN DB RAF—A( F
RAEZEE(Y 7 HENE)E AV TEIRICT 24
MeV O Cu®' A 7 & BBE Uiz, BEHIREHRE %
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TN KRS EEFRIMSEED JEM-3200FSK(B A&
BFHEYE VT, -66°~+66° DA EFIF T 2027
v 7 THRE 6T OARBFBREBE L. T0Ka v
a2—F— XD 3RTEEHEL T,

[RFRB L UEBE]
11T A A BRETRTOFEH650°C20 53 HIBMLEE)
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HRTOBEHIZ  OFePLALFABEVIFES LT
DT EDBIND, H2ICRARRBOMERERLR
R, ZHE Y BERIO FePtAI FIUSITRIR TH
D, BRI —IZoBLTWAZ ER3b»5, K3
IZIL Cu A A% 5.0 10" ions/m® F TS L 7=3%k}
DRREF@RE T, ZORFBRTITRFELBHES
L. BRETE AT EA ST, REE
I LI T R FICE LA BE I, 41T
Cu A A% 1.0X 10° ions/m” £ THRE L 7=t B
REFR LT, BRATIRBEWVISES LTWRT
BTSN THBZ E3b»d, ZORBHIXFLT
BFRINET I 74 —I0E B 3 RTHERER S I
RY, ZRX VWL 00D FePt B34 4 BE
M TH BBEEHFMITHBORA~EELLTNB D
EB5INnD, ZDX D RRFERDFEA L LT Fe i
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1% FePt BiFIZBRE L E(LITBETx o, L DFHELE L TEHFTIZ EBTE S,
L. CuA A% 1.0X10% ions/m® £ CHRETB L,

e L QUSRI F i & i, BRI O kL (B& 3R]
FRFEEL TV, Cu A AV BEHZ X VR T O [1] S.Matsumura et al.:Scripta Mater. 53 (2005) 441
AP o= Z &b A AV BENT T/ &I [2] M.Shirai et al. :Mater.Trans. 47 (2006) 52

X1 BHEFEEHE50°C20 oMHEML X 2 BBERETEREN650°C20 8L X3 2.4 MeV Cu A A% 5.0x1018
BRYD R EHE B O E X ions/m? F CHE L 7= 3Bl BF1R S

&

4 24MeVCuA A% 1.0x10%ions/m2 K5 2.4MeV Cu A A% 1.0x100jons/m? £ THREH LR
¥ CHRE L7 REOREEE Bl 3 RTiggEs
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BOF UL, 5 RERMFP)H AD IR IHEB DO KB ERDE T3 SEI 370, REHED SR8 - L1
BENTVD, TRETOIFELD, VABBOFRIT, BRICIVERMENGIRFP L. BABKANBRT B EEEFRE
OHEERICERT2EEXLNTWAR, ZOMMEEIIRATHS,

Ce0, 1L UO, ERILH ARBIEL AL, BRI, £ 1000 K ETIRFLLVBVREE LI, F-, 0 Zr0, 2 D R
BRIEM L N THBICRE ThHHZ LR E DEBIZED, Ce0, 1% U0, DIEEEMELL L CBAHREHESED LN TS,

CeO, IZ 4 ffi> Ce A4 LITMHMAR2Z 3 DT 7 /AR (La R T R)EHRMT DL, BRHPHRUER IO ICHELETL
PEASND, LaRTREFMLI Ce0, TiE, BRZMEE M T 2L HWMERDHY V. BEREEE O IMIIMRELOBH
BEOBMEEEIBREHLLEZLN TS, FITHRL ITET, LaRTE THENdBL U La 2 /ML Ce0, DELAZMEE
REEATV, FMTRIBE LB CEE QBRI OV TR, ¥, La RTERERMLIEZ Ce0, DRI XD - EBE
1, EREOMBEEALELD, Ce0, DENLIZRARBILNTRINS, P LOERICESE A TIL. La RoEAE
L7z CeO, DERUREELBA KBROF - REBREZHA N, R AHBLDOBREHEMIEELICRIETEILOD RS
BALNITTHILE BRELT, BRRBIIEMATL A EATIET RN L BAEREIC AL SRR P8R
7o Xe 14 BRNEIT-T-,

2. RBik

BEEE 99.99 %D Ce0, iR I L T Ln,O5(Ln:Nd, LayyRZFEEL , R— AL ULITT 24 BRIRATH2LI2EY. 0 ~ 20 mol%D
Ln,03 ZEM LTz CeO, ¥iKZ BT, BONTMKE—HEMES0 MPa)ds LU B A EEM(150 MPa)L T, FAER~LyM
R LTz, DLy b 1873 K 12T 12 BERIAK S CRERSL . S8/ L 7R8 2187-,

BRUHBEREABREOERIZ OV T, TPEEELYI0HEL, #0350 ym OESECHMEL, Ti B2 AV TeL¥
= AR BRI FU N BEERE L, BRI R IR 373~ 573K, EVNEE 1~ 100 V, EZEE 2.0X 107 Pa
OFEHTC, R ZHAEERAVTITo R,

EFBEBBAKARBOERII OV T, TPEEEZYIVHL, 4 200 pm OESECHRIRBIEL-%. B AR T HH%H
FBBUAEA) D 7 ©EIEREE VT, 210 MeV O Xe 4% 5% 10" jons/m? DRI B CRHAL-, BEZOREE,
FTATT—BIOAF U REEB LAV CERRE FREMSEHSIOET 2RI L RSB R 1T 7,

3. BI
B 112 Ce1xNd Oy, (0=x 015D EREEEDRERFMELTT, B 1 LY, 2TORCBVTERBEEEILRE DY
MEEBITHML TOBIEADAD, F7z, NdyO; ZEAMLBEHI, CeOy(x = 0)L0% 2 ~ 5 Hid\ W ESEEELRL TS, L
DLRBE, BRUZEE, FMEREORNMIC U CHEAATHEME T, FIMBES 5.4 mol%(x = 0.054) D IZHE K RLTE,
A AREICER TS EREHEE o [S/m]id,

oT = Aexp[— f;J 1)

E,=AH, +AH, ¢))

EREND D, ZIT, TKPIEFHREE k VKIERA Y~ EHK, E, DBERA A OBBOEM(L T R ¥ — AH,, ITBERA
AV OB IV —, AH, ITREEAT U IVE—ThD, AHETHEL-ERGEELR(D)ITRAL, BOhEEMEL
TRNFH—E, D NdO; BEERIFERE 2 177, BMBEOHMELLITEL TR F—1ZHA L. 5.4 mol%DBFTiE/ M
AU, FRLL EOFMBE TREHE L X — 3 ML T3,

Nd;03 2N DL BBELBRINDD | AH, B THEEZ NS, Ll HORMBEY B2 DL, RN
BRITERESNDH, BH-ZF. FHIZEIND A OB HOFENKEAD, AH, PEITELERIN TS, FO
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B, B 2177 T LI CepoaeNdg 05401973 T Ea BR/IMEZ R LI E 2 BND,

BJ 3 i 200 keV EFEZRHALE CeO; BITE CeposgNdoosiOr073 PRI, IBL T 1000 keV BEBF 2 BE LT
Ceg 94sNdo 05401 973 PIAREF % TS, 107 /> BEDEFBHICLY ., CeO, TIIMBEAA L DESRLE L LNAEMAL—F
DIERRENTZH, Ceo 046Ndo 05401 973 THLRE RBRITTERREN 2D o7, 1000 keV DETREHHTINTH 200 keV OEFRE L
[AERIT Ceo.046Ndo.05401 973 TIXRH KBITBEBI N2 o7, P EORRIT, BRI PHERGEREODICHASH BRI
LB FRIRFOBRES CIVBERMESKOTEBIHESh I Lic koL E 2 LN,

& 42 210 MeV D Xe A3 BEITED Ce) Nd 0o (0 XS 01ISNCEREN AT LIS o 7 OHBETRE T T, BEIX Xe
AZ L OREFEICERERFAPLBEEIT> TS, A4Sy 7BRRITE., BMTERL OB EIC L&V RO H
DT LMLRBD, CeO; BEV CepooNdgiO190s Tid. A DAZT U v s RANTZOIRHEL. BNBEOB N
Ceo946Ndo 05401 973 BETF CeggsNdy 1501025 T, FFHOBREIF O A L M v 2 B BENT-, ZO+FROA AL oI D
BROF @, — O DFERRINTITIZEA L BRI —THY. CepossNdo 540y 573 PIEARITTT LIIZ[100)F FIZHEL TVWAZE
PHPALT, CerlaOryn KBV THRBRICHFROA TNy /B BBRENE, U L0 R, BREOCBEELEN LR
FAA L OBBRAA NI O RBRICH B 52 TWAIEETIBL TS,

4. &5

(1) Nd,O5 ZEEMLTZ CeO, DEKAZMEIL, CeO, LB THMURMIMBEE 5.4 mol% CHEXEER LI,

(2) Nd,O; ZHEML T2 CeO, iZBVNTiE, Ce0, L BARVEFRBHIZIABK R MBI RINI2h o7,

(3) BMBED Nd,0; ZFRM LT CeOz T, CeO, LITRARVEE Xe A4 BIHZ IV +FRDAF LN v I BHRESN,

(4) La RFTTREFMLUI= CeO, TiL, MMBEICEEL T, ZLBREBIVEOBREOFBEMLT RN F—BEL, Zhit. B
FRETIIRHXRMEROMENCHFLSL, BFE Xe A VBHTRHFEHOAAL N v/ OBRICESELTWALEXDLN
3,

BE 30

1) B.C.H. Steele, Solid State Ionics 129 (2000) 95.

2) 8. Dikmen, P. Shuk, M. Greenblatt, Solid State Ionics 126 (1999) 89.
3) K. Yasunaga, et al., Nucl. Instr. and Meth. B 250 (2006) 114-118.
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DT, BEDEB TSR LTI XEBERILL EITOEBRFELIT> T LERHS. F1,
QUEESTIZ 2B ADEREB THY, £ OWAE, ZEBRSMTIEBTHILLLEEHLE
BRETELLIREROMNETH S, AILFEBFFEIL QUEST (F 1R R=0. 68 m, /NEER a=0. 40 m,
TANRY REA=1T, haA FARBESE B,=0. 25T, 77 X<&H 1,=300 kA) B3, [114—
Sy KE, 21— v 7Sb BT RFIC K D EIEERE), (3] RFMBALGHLT, $—
G, FAN—Faf Ry eraf ez cs e UiEls, FICPF4-13 Xy bb
AANIEDZY—D U TIEBT T AERLSL B, IZoWTHRBZZEZEMEL TS,
2. ¥votprafnr
EBW EIEBRENI O /= D121, EBW IR 75 X< AVRTWNE DL, A—I v 7 TubETR
WERCTEEAREZIEY, TOEEFHEZFERIIIICLTEARIERLRV. BIh, WANS
BRITAZHFMEEEND LOICLTENRVE BBV ARERIT) T VRV EZEILNS. £
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BIRBETHZ LIXTERY. MLICTFT XS KRESHIIBOLNA TS, 20Xy ELads
VX, PF4-2 a A VEREBEINCFH L 7 7 X~ BRI S LT PF4-2 24 VERIC L DR E
BERREEZ XY 2T a4 0THD. (1)) TTARTL—I F U UBRIIINVRE/ED D TPR2
A NVICEBEERS 2 THLT3 L, P2 aA/ VERIZY vy VRS I2BE/FICEDHTHY.
(2) PF4-2 2L DRIBEENRL 25D T, 753 AvEBHR—EDOLE, A—I v 7 HET/UL
AW Z RS LTH, MEBEPF2 2/ VERFERKITIMLEN R —ETEL, Hl#E 6.
(3) FAN—F L EBEBBE 2RV CS 2 LML EITERIEOFRICENTX, (4) 75X~
TV T ERBEETO MST CRERRY ELIZHEBLE-EMTTESEERSHS. T4b
L, ZOX¥Y eI NIEST, Tv—2F Ty, F—3 v 7KE, EFREBEROMERE
BRMTXDLEBLIT, IBITEATECS 2 LER, v— P VERBHGFETE S.
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(a) Before irradiation (b) After irradiation

Fig.1 TEM images of a joining layer (a) before and (b) after irradiation. 5@
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4. WREERRREE

1) HE g, SMEE. 2KELRAAFERESRS TR 18£8 No.10, SN KR /ST,
(2007.3), pp.201-202.

2) HE T, EFEFIAFERERESE TR 18K No.23, Mt KF& BB EATH B BT =%
X —HPRHE EE BRI R v & —, (2007.6), CD-IV-1, p.43.

3) hEEM, HE . ABEE. FHEIY. FARE - KPEESHEERTE. BAREYES
BB ER - K L%, (2007.9.28), No.109, pp.17-18.
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EREcEEHEE LN L, RF 77 X~ EBOREKKE SR bdhe— K jectrode
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BICHE L. BRE LTEXEA Qemx0.5cm, B 0.lem) RYE X
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Substrate

10°Pa B F THR 21T o 7r, BBRNITKEN XX EA L 10Pa V’ — ng
B L%, 100WOBEHXHR LTS X2 R4esE. & xmn Electrode :
RECHEBEZER L., BRREICAES ZEMIEL2 L [ g SSSCELES |0

THRERV A BEZRE LT, Tablel [ HHBEIEREH %2R = 1
To TP HRADKBEFET 272D, 3 DOREHI SN T
ZREMBRASEICRBTERET o7, HHERIIERAE

Fig.1 RF 75 X~ % EHIKE

DEBOESZ <A/ B RUCE > TRIVRET B, 2T Table | BB ENAM

Tia—=T—Fu—TERNTT7X<wT A~ —

2 % BIE L Gas H, H, with Air

—o . Temperature [°C] 110 [ 150 [ 200 | 70 | 180 [ 250

HHEE» T AT RS THAL, KFEHKE RF power [W] 100

EHEPBH L7, ERIX2000CHL46D 3 BEE Pressure [Pa] 10 | H;=9.5,N,=0.5

12 100°C 92 1000°C ¥ TEMBERIICHEIR L., T DO Gas flow rate [sccm] 1.2

30 ABEFICREBEEZHRET VI AR ERHBES Discharge period [h] 240 I 120

B, RSB EnNZkFe Ao b )
F7WHEALT, £z, EDX KL > TRESHR, TEM IZ X 2B EEE 21T,

[BRRUEBE] TIXBWORBR. 77 XA~EREN, ETFHERVETREIXTAENA 30 V],

L1x10" [/m’]), 2.0 [eV]& 2 oTe, 7T XA~ KMBEHOBFERE 1.1x10" [’} iTxf LT 11I0C THRE S ¥ 725
DOARREEIL 1.9¢10% [Um 1 TH B 728, EBRF OB 10[ppm]RE & 725,

EDX IZ & 5 RS FER TIXHBRORE I b T2 COHRBB O BT RLIL SUS3I6 ITHL LB
AL, ZRBEGBAGET CHEIEZBOFITIIN 30%D N, BEEN T\, EZERMT DEAD
ROVERHETCERLHEBEE CRERBEOHME HICBHOBBRENHEML THHEI ERghol, &
it BEFBANCEE T KARICERT2BENSB LR LRIGLEBEYE LTRVAENTTZDTH
rEEZEzZzHND,
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Gsus= 1.33x10%exp(7970/RT)[H/SUS]R: Kt E 34 [//mol K]
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Fig.4 121X, 80CRKR 150°C TR ENI- R T L R
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[FRE#E] [1] Y.Uchida et al., Proc.International Conf. On
Tritium Science and Technoligy, Sep.16-21,2007, Rochester,
New York.

[2] K.katayama et al., Proc.International Conf. On Tritium
Science and Technoligy, Sep.16-21,2007, Rochester, New
York.
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DEES, INSEENETNE, Epi L. TNTHUCEL TEEOHBRZR W TS XTERBICAN - THS 2T
W FSXYERTOM. E, E, 85, TIXVERBToOOBHERTHEMRER el=( singa*sindb, cosdb,
—cosQa*sindb)*exp(-i|Nx | *x), e2=(cos¢a, 0, sinda) expl-i|Nx| *) EEE L, T35 DS TS I X R
SHERLRT B, a0 EOBA, el BEEHE— K, e2 MEFRE— KE—BT 3, Fi. fl=(-sinPa*sindb, cosPb,
~costpa*sindb)*exp(i | Nx | *x), f2=( cos¢a, 0,- sinda) exp|Nx | *) EFHEHL . ZHSDBIKEE TS T XN SR
ANEFPDFERR TS ZEICT B, B, EI3ZFNEN el + S11*1 + S21*M2=c11*E, + c12E,, el2+ S12*f1 +
S22*£2=c21*E, + c22E, LELRTE %78, 215 DB HENE &\ T, KA S11,812,521,822, cl11, cl12, c21, c22
ERDIENTED, INSERANT EBW HSEBRIET— RADNT i8R ERD 2 2 ENTE, £7=. EBWH
ROBREFRREOAETES,

REANAEREICKD, O-X-B T— REMHIEN 100% &2 FELARBERICBNT, 75 XvERHBTRor )L
RESEIREDS b O FIVHERRED 50%5% &L TatEETo/-E 23, MUARAERETROA ¥)VEREL T
100% 7> EBW-BRERE— REMUIRTH 5 DIt L, BHZIRIZ 72% LD T 2ENES Nz, S TAHBIER
K0, BBICHHTRIBFREAIAE L, Bl EDSITTNRRERL TN EEZSND, SRIISTA—FIFEE
T, ROA YIVEENE L THEEESIRIMES NBN T A—FEBE ANAEREEROLNDLIITT S,

SR

T— RERIEENT 5 X BREN SEENTVWSIHBA. AU EBW ICHRT B EERE— REREKE— RO, T— L
RS 7T A BHFEAELHEA L AWATREAE X 55, COLSBE, 27T/ IXERERNT
RS 2 ETE 272178180, T RABOFHRZIT— REREISITE TTV, B N/=E— RO#REIcDNT
FNENNHEH I — FTHEL. 2(E7 > FHIB1)% EBW BROBRIRRR £ RO 2 HEAH 5, HEEsFa— R
EATOE, T FOBERDBEWCEDRET > T HIfEIET % EBW HROBRSHRED EDBRERLT 21 ER
195,
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B &
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VRS, RO DI TF UL AR P —OBRIE~OREBR PEERBEOTEA AV M E
BETHIZIEZOORESBRROBESY, FEOR AHMICHHATIZ EBALETHAS.

LHDIZE-BEHIZAT VLR, FANR—FRICERBERANTNSED, ZhETORFEIZLR
ROBFERIEEHREPICEL, ATV LV AOERBII S o —HEBRICELDZ LXALNL ST
Wb, £, EERBRNICREINEME Y-t L3R FASHIZETEHWTIE, 75
A< L DBHEDOBREN LTI AP TRE L EHERBRFICLIEEREV L BESNDAE
THRERENEL, 77X BN B CTHEHEEOEENE S REOHEBLLLAE .

AR TIX, 82 ICRF 2HAWVWEarF 4 va = KRB L e L OREERIZOWTHE Y
fTole. ZOKREIX, BEBFIIRTIa LT ova=EL LTEBENRTEY, ITRR Tiis
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NE¥—5AE, EOROREBEREL LV EEHBRTEZLICLD, AREMEREICHT S RF
BERHOREZHETHLOTHS.

®EA &
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NBI RE A7 ViRT S X< DER & HilfE
WARFERZRBEITEHER BB &

1. IROB/M

PRI B — A AST25E  (Neutral Beam Injector : NBI) ADAFE/EKRERAA AL EOBRRBEED T
5, SEONBIHAA A VR TIX, A AV EOERFMILEGRA AL (B4 Y EA AV EBE~1)
DT TG AERBLETH D, BFRTIL, HRELRRBZ (745 A MRE), BV Y ARE), 1B
K7 A NVF—FRE) OBBNRAA T ROMELBET, BT, RFEES S X2 /BIZZFD
AREBBCEVRAALETS A2 ~OISATMEEEZBRAT 2D,

DCHRET T AP DT T X235 X —FZHEN IR 7 4+ V2 —ERAV LR TV B 1Y, RFKES
FARONT A—ZHEICEL TEENEEFDRFETIIRWY, ZhETIEZ Y v FAAS 7R
NZLBREF T Xw 35 A — S HlAERD, BET ANF—ELORBLED TS Y v KL 7 REH
RF7' 5 X< OHIBICIIRNTH D Z L 2R L, A A VERDEDRILEBRILES D, SEITEK
EDO)RET 7 AP TODERENGRE LT BARHY)AESS A~HhTCOHER L B LRSS
T A ERB L OEA T ERICET 2 RNLEZIRIZ SOV TRR L=,

2. FEAAVEOME

M1IZRFRESS X~ EBREBOBKE 2 R, HEARITER 2lem DX 7 L AMOMBES T,
TIAEREIR (W), AvvaZVy R BB X<EE (TH) »oREhTnd, Ay
YaZ Uy FEEARMOFRALE LT, AvvaZly Fb EfMl 13.5cm OMBICASRT V57T %%
BLT, 13.56MHz OEBAEREELZHIML T A<ERFITY, BRIVBIZKARKS (R4 U A)
EERELTHERLE RBOIA VIATHBIZL T, ERENETFA<IZACRAD LN TN S,

Av¥aZYy KL TS0, 308X 07 mesh/inch @ 3 BEEAV., B TREMIC LB T 5 X<
DEMHOBHBEI SOV TR Lz, 2, 0y FEBEK 7 ANV —%2 A v a2 bR LTHREK 7 A NVE
—HIENC X 2 AL T U AERORBERY T -,

TR —MEF L VBB RSB 2 e — T #HA L TS X<@ iy, £7z=4, llcm®
NEBIZBFMIVEALEYe—T I LY I X~ERERD ST X235 A —% (BFEBEEn. EF
RET,.. ZREMY,. BEBMV) 2RE L, = RV — bz iF = HIL (109) LV ABKE
FIHL., BBRAEA A L OB LS HLAS AV BRBIVCEFERZAE L,

3. EBRBRPIUEE

7Yy RRATREILLZD, 75 X<fili#lliz, 75 XA~DFE L BERERER THo T, 55X
<HBEO—FL LT, AviaZYy FTHRMA GIHLER 0F7 X152 —F (BFEE. &
FRET) 7Y v FNEEKFEHER 2IZRT, 7Y v RS TRABEVZENLA~ELLTBIZoN
TTIHMET L, niidh 5BAL CEREZIMOBOELETRT, VPRI ERTAL A VERICE ST
K77 X<ikig (T.<1T/in) MBERIN B,

X 3i125tH LAA 4 BRORFREE(Pre)kFtE 2 R, EREMIL. p(Hy) = p(D2) = 3 mTorr,
Ve=-50V, Zeg =-Tom, BIHLEEV,=1kV, Xy ¥ a2¥ 1 X50 mesh/inch TH b, = KSL— D
MNEIIZIERHENEL L > TVD, AL AV EBRIIPrOBMICEEI L THEMLTWS Z L5215,
TIPS D Z LT R BIBT T A~ RTO (T eVIREIZE PE o F F T) n MM
EFRFREEATH D, Pred & HIZDEHREHEROENRFAWVTWEHAAZRTA, SIHLEERRCRZOT
BEHICLDZEEDOBWEER TS LIZERUEREL 2D, S%IFBIHLEFERLEDTDAA A
VIBROBEBRIZOVTRE LTV,
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1) Y. Nakao et al.: Proc. 6th Inter. Conf. Reactive Plasmas / 23rd Symp. Plasma Processing (2006), pp. 185-186.
2) O. Fukumasa and S. Mori: Nuclear Fusion 46 (2006) S287.

3) Y. Tauchi and O. Fukumasa: IEEE 30th Inter. Conf. Plasma Science, 2PA 16 (2003).

4) K. Kato, S. lizuka and N. Sato: Appl. Phys. Lett. 65 (1994) 816.

5) S.lizuka, K. Kato, A. Takahashi and N. Sato: Jpn. J. Appl. Phys. 36 (1997) 4551.
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6) J. Okada, Y. Nakao, Y. Tauchi and O.Fukumasa: Rev. Sci. Instrum. 79 (2008), 02A502-1.
7) Y. Jyobira, D. Ito and O.Fukumasa: Rev. Sci. Instrum. 79 (2008), 02A508-1.
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RATEE (JUMNKRE) . C. S. Chang(KAIST), J. Y. Kim(NFRC)) & D 3EfETiTbiiz,

XIS
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®a— K& .01 L NTCC (National Transport Code Collaboration) & 85120 % T. SciDAC
(Scientific Discovery through Advanced Computing)iZ 3} A2 KEEL I 2 b—a VORBREZIO A
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L EEE 2 — FOBRRITMA T, EFDA OB & LT Integrated Tokamak Modelling Task Force
(ITM-TF) 7% 2003 #RIZER L. 2004 FHAOHLOLFHZHHBL TS, BRIV TR
ITER-BA(Broader Approach)iZBi 3 2 bihE v . AV ICEBREMEG = R X —F 7 —
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X DORREWE Lz, BEIL PARASOL =1 — FZ W T SOL-¥ A N—# 75 X< |2 3 ELM I2
LOBHHED Y T2 b—va v ETV, TORREZRE L, Ty a L (VIDTIX, @&WUASRFM
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Theory and Simulation of Magnetic Fusion Plasmas (2007/8/6-8, Kasuga, Japan)
NRISHBFERIBIE $EFE (FRR 1 84— 2 0 %)

EEEH R, KT HBESELRMRE

PSR- FARR

B 7SN - o— FBRR  EFHEE

SERH

2" Japan-Korea workshop on ‘Theory and Simulation of Magnetic Fusion Plasmas’ combined with 6™
Burning Plasma Simulation Initiative(BPSI) meeting

#W601, Research Institute for Applied Mechanics, Kyushu University, Kasuga, Fukuoka, Japan,
2007/8/6-8

Aug. 6 (Mon)

9:00-9:10 Welcome to Kyushu University (Director Imawaki)

9:10-9:15 Announcement (M. Yagi)

Project I (Korea) (Chairman Y. Kishimoto)

9:20-10:00 J. Y. Kim, Current status and plan of KSTAR project

10:00-10:20 Coffee Break

BPSI (Chairman Y. Kishimoto)

10:20-10:50 A. Fukuyama, Integrated modeling of toroidal plasmas and standard component interface
10:50-11:20 N. Nakajima, Simulation project in Dept. of simulation science of NIFS

Turbulence (Chairman M. Yagi)

11:20-11:50 N. Miyato, Generation of zonal flow and zonal magnetic field in tokamak plasmas

11:50-13:00 Lunch

13:00-13:30 Sergi Ferrando I Margalet, Zonal flows and ITG instabilities in multiple-helicity magnetic fields
13:30-14:00 Y. Idomura, First principles based conservative gyrokinetic toroidal full-f 5D Vlasov simulation
14:00-14:30 Y. Kishimoto, Global nature of zonal flows due to finite band width

14:30-15:00 S. Tokunaga multi-scale transport simulation with ion temperature gradient driven drift wave
turbulence

15:00-15:20 Coffee Break

Transport Simulation I (Chairman A. Fukuyama)

15:20-15:50 Y.S. Na, Simulations of KSTAR steady-state operation scenarios

15:50-16:20 M. Honda, Present status of dynamic transport code, TASK/TX

Design (Chairman C. S. Chang)

16:20-16:50 T. Takizuka, Prediction for divertor performance of JT-60S A and DEMO reactor (SlimCS) with
SONIC simulation

16:50-17:20 T. Ozeki, Report on first workshop on DEMO design in the broader approach activities

Project I (Japan) (Chairman C. S. Chang)

17:20-18:00 K. N. Sato, Present Status of the New Project "QUEST" for Long Term Sustained Spherical
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Tokamak Studies

18:10 Welcome Party (2F)

20:20 Adjourn

Aug. 7 (Tues)

Plasma Edge (Chairman A. Fukuyama)

9:00-9:30 C.S. Chang, Kinetic study of Resonance Magnetic Perturbation effect on edge pedestal

9:30-10:00 T. Takizuka, PARASOL simulation of the ELM heat flux in SOL-divertor plasmas

10:00-10:15 Coffee Break

RF (Chairman T. Takizuka)

10:15-10:45 A. Fukuyama, Integrated full wave analysis of RF heating and current drive in tokamak plasmas
10:45-11:15 H. G. Jhang, A feasibility study of the influence of the rf waves

on resistive wall mode

11:15-11:45 G. Y. Park(C. S. Chang), A new 5&1/2 D technique for simulation of nonlinear RF-particle
interaction

11:45-12:15 B. H. Park, ICRH heating and preionization modeling for KSTAR plasmas

12:15-13:20 Lunch

MHD (Chairman T. Ozeki)

13:20-13:50 S. Nishimura(M. Yagi) Poloidal flow generation by drift tearing mode

13:50-14:20 Y. Ishii, Plasma Rotatin Effects on the Driven Magnetic Island Evolution

14:20-14:50 S.M. Yi, MHD stability analysis of KSTAR target AT mode

14:50-15:20 H. Naitou, Development of a new gyro-PIC code for MHD simulation

Coffee Break 15:20-15:40

15:40-16:10 T. Tokuda, Progress in the numerical methods for linear ideal MHD stability analysis of a
tokamak

Transport Simulation II (Chairman J. Y. Kim)

16:10-16:40 N. Hayashi, Simulation study of pressure profile effect on the ELM energy loss with
TOPICS-IB

16:40-17:10 S. H. Ko, Coupled simulation of kinetic pedestal evolution and MHD ELM instability.
17:10-17:40 S. S. Kim, Transport simulation studies in KSTAR divertor plasmas

17:40 Adjourn

Aug.8 (Wes)

9:00-9:30 Discussion on future collaboration

9:30-9:45 Summary

9:45 Closing

9:45-10:00 Photo (Entrance of RIAM Research Bld.)

10:00-10:15 Coffee Break

10:20-11:20 Sight-seeing(Advanced Fusion Research Center)

11:20-11:50 Sight-seeing (LMD, H Bld.)
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10:20-12:00 BPSI meeting (W601)

S$MEYXF (AFX 2048, RE 8 B)

Name Affiliation
Y. Ishii JAEA

Y. Idomura JAEA

T. Ozeki JAEA

Y. Kishimoto Kyoto U
K. Sato Kyushu U
T. Takizuka JAEA

S. Tokuda JAEA

S. Tokunaga Kyushu U
H. Naitou Yamaguchi U
N. Nakajima NIFS

H. Nuga Kyoto U
N Hayashi JAEA

A. Fukuyama Kyoto U
M. Honda JAEA

N. Miyato JAEA

M. Yagi Kyushu U
S. FE. Margalet NIFS

S. Sugita Kyushu U
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