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TaATRHO>TEBY, T TEBESOT I PREFEINTND, ZOoPTHL 7 rR T 1)V
JIE. AEMEEEN T — 2 THY . B TEORESCOFRE L R D W REERH D, £
7o, WHE L — X —CH MR O REOWRNGNHE SN TWD, £ T, AT,
FRICAT R R AKIBIZ L > THEE L7 BRI O LB &L~ 7 Dol — & Z el U, WgiE
L—H—DF =X L HbETELLL,
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KIBOT—21%, 2 NOAA © AVHRR (5 2R L, FedkfifF L= KiROT —
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BUAER 2 T, Line M L — & —IZ X o CTRHEBBIRONL & % i~ HATEOIRET — ¥
LW A#1T 572, A-D & Line E-H % 4 KD F A » L0/ A BEAIERE 1km 12 FEH L,
S DA MR OFR A L KR Z I L7tk 3 K OBEIEYEA RO 7-. (T — 213,
LR OBEWIE A RERE 2 HEORA v v allRKy Lo KIEERK E LTREL,
2001-2012 FITHHE L 7o 8 & /@i o BRI E W e, &9 5 Ao~ 7 Vi
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1. H1Y

HAME T, A0, WEN D RRUE KRB S TEB Y, ZORMEBH L RE W &
BDHOLNTND., ZOT T v 7 RN, KENDOEEELZEBROREHL (XFFFH@) 2
FRTHDL ERESINTWD (AR -3 1998 %). 2L T, L b% < OKREREZ T - 725
HIR2S, BARWHOFA TICHEKE 25T L S TW5D (Manabe 1957 %), — 5T, i, 4%
O HARMERIBEAKOZER & LT, ERGKEOEEEN M Si>>oH 5 (Hirose and Fukudome
2006). Z AL, vEKIE Z ZPBIHEIREDO ERICR L Z L 2R T LD THD. £ZT, K
HF7ECIX, AARMECOBGHRE FRCEEUCER) IR TR AR O RE O @ Bk 7.
ZLTC, ZOREHMMPAROEKEEINCKITTHELZRDLZ LT, RRUFHEROWTZ72m A%
B2 EHEMNE L.

2. WH9EJ5IA

W7 7 v 7 A%, OAFlux 7—%4 (Yuetal. 2008) OZ% (MFmiAKiR, ¥ E5E, W ER, ¥
FRE) 2V, S A LMBEICEB L2 EMH L7-. Watanabe (1990) 2342 L7
monsoon index (MOI) ZZEHiJAFREOFE L L CH W, F70, BRI ERSRANIE, k5B
EHEWTT AL - SO 7 = ) —BlICESER M SN b0 %M H L7 (Hirose and Fukudome
2006). =512, AMeDAS OKET — 2 2 L7c. ABFFEOMATHIEIL, 1990 425 2010 4
FTO22NFEMTHY, EEHER LW 12 H el L.

3. WFFERE R
WENT7 Z v 7 2%, ARBIIH TRENE (0 BUTSvO AEEEE Wil | () BABREET SRR X Wni]
FrEb ol Enbholz (Kla). £2T, K
WFFE T, HARHE ARG EI (137°-140°E, 38°—
43°N) (1235 B L7z, X 1b X, H A aE Ik
TN T T v 7 ADRRINE R T . BREE
AT 2 ENbns.
DBNT, ZOWEET T v 7 AEEHOER
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Zi X7z, Z Z TlX, Sugimoto and Hanawa 1. (a) 12 A VBT T v 7 AEHERZES AR [W m ).
- " s e BRI A AV A 2 KT, (b) B ANV ACEBRE S B
(2011) TERH SN HEER (ET7 -4 & S5 ) AR,
EMVHEZMAEGEDLETCT T v 7 XA &Gt

BRI 217528 7T, 77 v 7 APREICRETHEEE (MEiRARE - W EKIR - 15 L EGE)
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ARBOERNTHL 2 &B¥binoTe. B WIS 5o AFHERIC IS L EROMBADE
2 e, AR C O KR e
BOZREWTC. Hirose et al. (2009) T yypngem  poer—s RSB RS
RSN LU0, BEMORBRMIE 4 mem nwmsen awer—sy A
ERERERICHD ZEBDD2T. R gy g RRRE RRRRE RBEF—

KRR R A D 52 8 2 5Pl 9~ 5 7212,
[l dnk C 0¥ L JRORZE B & D BIFR 2 d T
DR, Mg /KIE & XA O BIRIZH 5
ZEeNbmole. —HEOHTL Y, BARWR
BRI O it K IR, RAGRHNC & % 0TI
<, WErEES) GBI DR THD &
fRm L7z,

FREERBTIC &Y, B RS BRI T DK
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SEREENL, WEAKBIC LD Z Lo T, Longiuce (€] Longiuce (']
. . L 2. AMeDAS /K & & (a) MOI, (b) H AR S EI RN Z
Z 2T, ZOEBHH N HARORBKEEEIC 97 2L OMBUFEAR. AR (RA) 1%, 10%4 & AR 7=

TIE (A) OREMELNBINEEZRT. £, KEHX, AF
TRWERSTH .

R FT B AP, ZofE, Fio, dbH
ROBEKEIZEGRT 2 Enbhrolz (K
2b). Fiz, BBREWNCZ EIZ, ZOEBOBKEIR, AFEFHEICEEBEINZWEFTThHo7 (X
2a). T2 5, HARMHEEROWESE, HAOREEHRICEEREH LRI LE2R LT
W5 BUE, REES SRR, BAREO RKUEFEMHAENROEEMAICET 20T
HY, HRORBEROHMBIZHEMRT 2D THS.

4. WFFERRAR
Sugimoto, S., and N. Hirose, 2014: Variations in latent heat flux over the eastern Japan Sea in December.
SOLA, 10, 1-4.
KARFEWE, JRMES 12 A0 BARREEE T 7 v 7 AZENCR -3l AKRO%S ~JbR
KK BELB DR~ BAKRER 2013 £KF K=, Pl6l, A, (IBEEEE % —, 2013
F11H 19 . RAZ—FEK.
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CIF7E B89

ABFROBHHX, WHEREDOET=F ) T E2ITH DD T 74 X —RfphaRy o a#
S AT AZESLT D2 & Th D, HEARE OIL, LHEOWFREET=4 ) /X
WEREICHAT 27200 KY 7 74 X —0FEMAbE B LT, @mVEEEELEBET S
ZEoTED TEEMSLHIEBIKRF 7 F A 2 —) © SOARER B L1z, £/, EHIMH -
JREPIC B O ERRRE =2 Y U T FBRT D720 DFEMRA Y —F —Kh 7T 4 X —
Tonai60 (Twilight Ocean-zonal Natural-resources and Animals Investigator) % #f%%
BI%E LT %, Tonai60 (21%, Vo THEDQHNARESHE D~ » B 7 21T 9 T2 O DO @R E
Xy NI =2 T AT L EER LR O F
BN ZAT O O DKPEET — 51—,
ZHAWFERE T — 2 T —%H#E LT
W5, Fig.l 2779 Tonai60 (I 5EWHE T
DEERAEER RO ENDDT, £0
ARG AT A xS 572012,
(YN IS SIDRAE A ANNE RSP -kl ()
IR - T S LBEEANFIR T 5, WFFEARER
F O OPTET D KB SL K F O M ek
AKFE (R & XIEXEES : 70m X 3m X 1.5m)
L, KHPT T A X —OMRERHE 21T 9 121X
g & KRN A+rTH Y, JUMNKRT - JEH
TR GERT OGRS 1P EBOKE (RS
XMEX{EZ : 66m X 5m X Tm) % {8 H
SETWEL Z EREIFROERIC
KbANTH D W L, RAFERT -
Ve R FE M« PR RN L0 B 1T,
W e — 27 L O EE SN BT 5478
BOWTENEBRZ O, PR EBEHERR Fig.2 Tonai60 ® 27 54 F (v V&

& DIFEHRAZHUZ L > T, AWFFEOREER72 (TRHERE 25 77 7 RBROKAEZ )

HERNKND &EB 272 &b L FRF S

DHBIDOOEDTH D, Eio, FERIITIE, EHIZRE 1,500m © SOARER & o {7 il
BREWZE ST, BHBEKPZ T4 X =V A7 WEMHE LT, RHIM - RHPHICE 2 ME
BREL - ERBRE=2 ) VT OFEBEZRAFELIEVWEEZL TN,




CIFZED Al R

TREES s 1 7 EBUKE I B W TEBEA Y — 7 — K 77 A #—Tonai60 DR %
Fhfi Uz, ¥l B 72 EEFFFE LT21%, Tonai60 O 7 T A 7 1 7 MEHE 2 KFEEE I |23 &
LB T A AT T « Geék LT, BHRMITIC & - TEOMIESKPEEZ 2L S 7
EEXDOBKRORBMB IO IAT 4 T, TI3AT 4 THELHET 2 LN
T&7c, 2L 7T, Tonai60 MEFHEY DT IFAT 4 L IHRREAT HZ L 2R TEI,
AR 2T, 12 AP SEIC THMEEER A2 Eii L <, MFRET — % %
ST sZEnTET,

CIFZE R R &

o NS, ARIER BN Y — T —KF T A X —OFRES AT LT D
FeBH%E, % 25 M u ART ¢ 7 A« AH hr =2 A:HES (ROBOMEC 2012 in TSUKUBA)
FmCHE,  2A2-004, pp.1-4, CD-ROM,(2013.05).

* H. Tonai, M. Arima: Design of an Ocean-Going Solar-Powered Underwater Glider,
Procs. of the twentythird (2013) International Offshore and Polar Engineering
Conference (ISOPE-2013), Vol.1, pp.345-349, (2013.06).

o AEBIER, BANRL : P IWE=F ) T DORDOKT ST A X — DI, &
16 [ BAY > TR 54, P1, p.53, (2013.12).

*  M.Arima, K.Yoshida, H.Tonai: Development of a coral monitoring system for the
use of underwater vehicle, Procs. of OCEANS’ 14 MTS/IEEE Taipei, (2014.04).

* M.Arima, H.Tonai, K.Yoshida: Development of an ocean-going solar-powered
underwater glider, Procs. the twentyfourth (2014) International Offshore and Polar
Engineering Conference (ISOPE-2014), (2014.06).
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DELENTWD, L, o7 PRIGEEZSDIIEE > TR, M e ECRE
WEWFRIZ DD DIEELBL R NI STV nZ &R, ZORKO—>Th 5,

AR CIL, PEELIR OB T U 77 EICHEED D F9e 8 B EV, VO OHES
SEM a2 L, LR OB AIRD D & L bio, SBOMEDEREZRRZTH 2 &
ZERELT, 3A6 HL 7T HIIHT T, HEKFHET TR ZRE L, Yar 7
LDFEAIRZICEE TS B0 TH D,

BHIOFEETIE, X0, FPEEREE S By M2 5 R B2V T, TurboMAP
2 LD ELRBIORE RN G STz, KIEDELS b fhnlicAons Y Ry o—7 BTk
WCHELEFREE N R & < 725 Z E N, FEREHICBWTHL AR5 D Z & BEERIA W TR
@ Drug coefficient Cd ZR®HDHE, VYo R x2—T ETCARREL D LERLT,
eE, NN T = R—=RNREL R DLDIE, BB TEMAEBOEINES b7 b
B U7z, ISR, B REi EC oL IS S B IS S S 7o, 5 B — 2 ADCP
DOFHMTFT —Z B BRI LT LA VRSO RS 0 2R BRI OV TR L
Too BHAIT — X \CEBEDBEEZEH T L ) A ARZ 0L OO, B H7-0 O v U3 (E
BAEABEO L, phofHF—20 0 bt abe—L v Nl #Ed 7 4 L E—TCHET S &
O CHEENL TWA B ERNCE S L LA VXIS OB R BEn G5 b Z Lk
R UTe, FOOFIE, B gkl L oW IR A BN B S - Lo E O R 2 L —
a2 (LES) fERAZHEN LT, SIS 7 a7 7 A 7 — CHEM L 7= SLiEE) = r L —
o= 1%, IBAE T 1/4 BAM, EECHEYORRAE N S8 L W en, %EEH
BT 270120, BRESSHOKFEAR., b LI, FEHAa Y AV DIC X5 ERED L
FHEZETHILENEOH D T LRI, REBFIE, B ARG KO —HE & EHIIKIE
R oYEERR A BT 5 72012 T o 7=, WP5500 % FlWW 7= TR SR OB OF5 R & 1
WILET N W= FEZBRIC L AR ORI OV TR LT, Ml S - 8 C o ELpRsR
TN E o 723, HIE AR & % 314 L 7= E 7 U Lo T, Bl S A 1EBREE & KR ESN
IELBMATE D Z B SN, 2B, BT VTRIE STV D KIEDOKFEARILT —
ANEFEFSTL DI ENTEDLDTIIRNNE WY ERIN D - 7208, SEHRY /R EIC kT LT
ERRKEZVDOTEHELWEWIRIERD -T2, &, EEROWEE T VO ERBEIZAR ]
Kip, ELIRIRGIBED/RTG A Z VB — 3 VOFMEEIE LT, H o E RS TOEL
TGRS S DB BIR & D el 238 U T LES O ZME 2R L. £ 7% LES & O Lhik4 i@
U . Furuichi et al. (2012) TRHEINTZEIRIEE/XT A X VB — 3 VA% — ARWIE
BRETHRYTHD Lo Lic, — &) INE, MERBIRGIBREOR L 25850 —
DTHDH, 77 a2 TREEOBSGEINICET 20 MHADO®E 21T > 72, /M CTACER
O AEE OB Z AT, AKAEE O R KRR, 287 T > 7 X & OBRN G,
7L, R, TR 2 THRRICHIGT D EE X LN EAMEES N R LN 2
&R ST,



AR, W BN O ME D MBEELIEICE B L, MERNE DR S D/RT 2 2 —{kff
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\ETFT 2 A —0 7L MEE CORNIIGRE 7 7 v 7 A L AKBIRIFT DA r—1 o~
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FERTE O Y M2 R Uz, RR IR E 2 B89 2 B AL C OIS O BLII Y — 7 X
= EHWEHEEIZ LD | G RV X — BRI O R A s Lis, RED DO
AT REI CHUR RN K E W2 &0, BB INERI O L0 A Uz LAE L725A O
B OREEIRIFIEICET 2iia 21T o 70, BXUE, RO X mIEER & HEFF 3 5 DI
PERER T RN F—D RS U Z28E Uiz, &Rt OBLANEIZ LS < & P EER AR 2
DI ERELR T R X —DO7FEAEIL 600GV Tdh D Z & £72F D 9 LI H 4006W FE %
HoTWAZ EEZME LT, F72. 580 @ 2006W (2o TlE, B ELGE. BRI ELE. *Hik.
AWELR R E OB L FDEZFM L. 05 ORHREMEIZ OW T Lz, BT Rk
TOWNEBIE D AR & Bk IZ B9 2 B F2 5 R & BLGE R oHE 217 il o B Rhry 7248
JEARLZTER L OMFRET 2 A SGRAE DS NI &2 4B T2 2 & BB S8R S X < v
WNEBIE & 2 Ok 2 BRLRFHT 2 2 & N OBORIZITIKEROSRE Y 7T —Lar 7
N—T NPNBEBETHDHI L7 mR LT, ETREE D KDOE D IABIHENI VN T 4 T
— D BIECHRAEE L TWAAREMER D D 2 & b L7z, BESITERD B DS
AN DR ER T DN & OBGRIZOW T DOHRE 21T - 72, WERIE O Bk &R0
IR R MR 3O BT A F T2 2 & L Z DIERAFEITINE O LY — M K> TRZR L Z
EEHMEERRIC L VIR L, & ORIFMEZ NERIE OSHIE 5 [ O FRE 2 VTR L 7=,

LI EDOFE-ERRHE & € ORITAT O IE R RIS B 3, SR OMIED T atE 2 %5 &
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Figure 1. Time-height cross section of dust extinction coefficient [1/km] measured by NIES Lidar (upper panels), time series of

dust aerosol optical thickness (AOT) from NIES Lidar (closed circles) and model results (blue line: without assimilation, red

lines: assimilated results) (middle panels), and dust deposition fluxes [mg/m?] (lower panels) at Fukue, Matsue, and Toyama.
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77 ZHUE. BARMEFENOYAX =TT L LTIRESNTEARTHY . IRFEFOT L —
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"Workshop on the vertical processes in the shelf region of the East China Sea"
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S 14, UK 4Tl oo, ATIRESTIL,

FHOR " (GBS, (RS (BIASE) | SIHITH (4 H R A% . Lee, Keun-Jong (U A) |
S BER) . BEHE OUNRE) . UM T GRRLTR) . BAREE BHEAY) . kMEERE
(BIWKS) . D OIERIASDHY | TSV CHRET o7,

2. WFsEES OB
AiE 201442 H70 (&) 10::00~17:00, 2 H8 A (+) 09::30~12:30
AT« TN KRS ) A 9EAT 6F - W601

7 H 10::00~12:00

AT 2018 FEFIZB T 5T B 7 757 O « W 5 HBLRILICSWTHE Lz,
F 7o, HEUERE R KON B R M S =T B T D05 & il JCOPE-II % fuv iz
Ny 7 b L—AEBRICL Y, FRCHEE TR SN Z 7 71O TR, BEAEIL»SZ0deMlinE T
AKIRAY 15°CIT 72 2 R IRTZ ICREINC 22 5 2 & 2 HERI T 2R R AR Lo, £-20B@IcIiE, B KE
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L. Z0 il SCM B ST\ — R 72 & iR 31 2YRIR A & FERE AR E o Bl S
Wi L7,

8 H 09::30~12:30

2013 £ 7 H OBIMMEC X > TEONIMEY 7T > 7 b 3B O S0 i B A& LU DB LT, WIS
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ET LML leoTe, BIEEII NS 7 ZAEMOAM (r=10,20 mm) TIERLICKEL 72D,
SMAL (r= 30,40, 50 mm) TIH/NEL< 2D, 00X 20V L ETIIZ LN IEE o 72, FBEIL L KT
BINLET20V £ TIHEHRAICED LTCnotz, EZANS0VITRD L, Z2RNA T AERN 2 >OfE%
B2 L5270, N T AFIZ 2 REMCTEBZBRVIE Lz, K110X03-045 s DAL T A ENTT2
IRED/SA T A & BRGIE COEFHE - I TH D, A7 RAEWD 20 V ORFLIZIEFED S
72UN5.5 A DRRER Bl E— R, 85 AN L7RER B2 E— REMESZ L1275, X1 TEAA4T
AHI B2 E— KD Bl B— R~—JE7R BB L C\D, N T AH BEIIANA T AEMONMETH D
r=10,20 mm TXHM L AMUD r=30,40,50 mm TiIJd L, &KL L TEIE—F 735 ERD,
B2 E— ROFN Bl T— RE VAP BEETH D, BEFREHL~VIFEA N —~v— Bl E—F, B2E
— RONEIZHR & 12D LT b,

WA, JEAHH 64 F v 7 m—TIZ &> THIE LT r=40 mm ONLE TOA 7 o faFneE it D IF 2= [H]
WG DZEAZ R LIDO MK 2[(a)id A F Y —~—IkEE, (b)iZ Bl E— R, (¢)l&B2E— R]ThHhd, ARV
—~—IREETIX, AT PICEREIDRE L ER L L oo TR HANZD - < U EEFE L TWD DR
L7, Bl E— R, B2 E— FEZLT HIZO0 T, RIEHENTHER L, AR 220N EoRE~ & &R L
TWEDONRGND, ZOXINIAAL T AFERPICA MY —v—EDMEE S, BERHMEISND
BGNHER SN2, T ORNERD 2O FIH 5 F v 37 a—7 |2 Lo CHRlFE NS 2 R~
oo AT AR EREDAAP I LAET D & FEBENO AR LT MELNHEE TE 5,
FERTIL z=1.625 m DALE TIFAA 7 APEEZOEIT R bneirole, & 2ABZ R L— |
2V 2=3.625m DALIE TIE, A 7 AHRES3-100 V/im 7> 5-200 V/im & K& < ZbT 5 FD0
BINTZ, ZOZEPDZOBEIE, = R b— M TAEUEBELOEIC L > TT 7 XA~v 2R
DEGRHEE DR E BN ER Z SN2 Z B3 nhoTz,

B 3R

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

[2] T. Yamada et al., Rev. Sci. Instrum. 78, 123501 (2007).
[3] T. Yamada et al., Nucl. Fusion 54, in press (2014).
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25 # 2-12

(BEEA CiA 6D 7T X< Z830F 2 LI M OVEF IR O ¥ 5 1 D BR3E )

ARG REDIIERT ~ U U ARRZERS
il

R

HHY

B LA 7T X~ Ot B+ 25 LT, 77 X~ Okt 2 ES T b L&
ZONDEIRDOIRBENEZ IR T 5 Z LN EETH D, ITFETIIRATH R BHA ST T
< FNOLOIERBHEMERC L VR INDHRERZEMBEELFOROENT T X<
DRI R EREEL RITTZERPA LNV D2d 5, LIEn> T, RFTHZRIEE
ELUTE & RN IS R BB IS 2 FF 5% & E 2 FRFICIE « ST 925 Z &3, 77 A~k a5k
BRI 2 ECARAIRTH D, L L2ans, s IF % g 2 720350 CiAn iEE
TIHELRICRET 5 7 — 2 IR AT RE e B B O FE, FHAICE D ERMIA L BITR LT
Do £ T, AILFEMIFEZE U, S FAFERT O EAREEE PANTA % AV EBRAFFE 2 @
U CTHH%E S NIRRT FHE DG P, BT R OV 2 2 L— 3 g URERICE S < AR
By 70 R FVE L fRIT FIE OB 2D | RO ELRFHIT — 2 206 X 0 £ < OB @
AT 52 L EHBE LTAEEIT O,

FRICAEEL, A RHEF T O KRB~ Y I vEEE (LHD) ICBW TS TWhd
B A T U GAM FERRIC AL A G DR F— AT ML T HEE O
PSS OFREA O 72912, GAM (2P 5 EALFRE) & 2 D22 4 EERICET 5 2 L & A
fye LA ZED T,

FEBRITE

EEA A VR GAM B A A ~D =R X—OFILIZEI LTI, M. Sasaki et al.
Plasma Phys. Control. Fusion 53, 085017 (2011)iZ X ¥ BEFGATIZE D AIHEMEA R & TU
LN, REBRFETICBWTA A Y DT R NLF =AY I\/WDQZM%E%E’\JG:%R%T‘%é
D7, RIBSEERTETZ SIVTND Dh, 72 ER LN > TRV, GAM (21 9 B
®iiEAS A v —2s7r—7 (HIBP) k%wf%i#éﬁ\&ﬁa@%u&%@%%#k
L HIBPOFAF w7 Lo P HBR D20, MR £ CTIIHME O Efe 72 5128 Hi sk
oty FZTHEEEIFAATIvI Ly PR BT A0, u—7bv—0k LCEE
AWb a1 4 (Au) Tl < il A2 (CudZ AN D 72DIicA F U iodtEx T -7, £
7o, RN T S D 7o OB OB O —2 L LTE X b DR v A XV Wik
BT DI HEEEET 72012, HIBP O — 45 A VIR OLBR 21T 72,

TR AE R
GAM ORAL NNV T A F DX X—AXT "V OEbE TR L, OO ENEE)
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DFHIZETT O Z L Ak, BAIEEIOREIZ 7KV THY, Zhhb GAM O L F—
L 1.7 I/ms & BAE D Sz, FORTEC-3D =2— R & H 72 GAM O3 2000(1/s)
ThY, IV A F L RED EFRIL 35 keVis & gD b, PRI T34
FRINPANZ L B A A AREEFHINC X 0 E ST s A A REO EF#1T 30keV/s T
HY | EEMIZGAMIZE DSV T A F DML Z X TH I JENENGER E o7, 7272
L., ZZTHWERERIL, vy 7T X~ ORE TR E 282 F> GAM 23, /L
AFNZE > THRINSNDEADOWEFRTH Y, @A 4 I k- Thhitt &4 5\ E %K
D GAM OJFFEHL L L THWD DIIAREY Th L AN 5, 5%, 1IE LWIBEEEOFEA
EORBBMBETH D,

Fl BT RN —A G L OHIGIZ LV A LTz GAM DMEZRAF—D VT A F
TS 2 LIXEEMICIINE T S, BRI & L TR O BALRE
BOFENREZEZ HND, O XD REFEHPHE SN TNDLINE I PEFARDLHIC, AR
A ZNWEAZAF ¥ TEH L9112 HIBP O —A T A VHIROL B E2IT o712, ~N—F
U= 7 OFfFITTE T L, 2 RITEN DA OFHINIAT 2 7203, GAM OFH#liZ~ v & A AP
HEATA 2o T, ZTHUCEH L CIIRFEELIFEOE & LTk -T2,

W FER R it

‘L

W FERE
HE B WHRRER)  ERAREERT ek
IERNEIE A FEOIERT  BhE
fiete & (FTNHEEN)  JUNIRZAIGS 2 seeT =
xR B TUNRZZIS R0 58T Bh#k
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Je e VP~ A T aE O FHET - fETE T LV OB &
Z OIS T D058

JUNRE: SO gERT AT

FZE HAY

ot - TR A AW RHANT, BE S SRICHEELE 5 2 TSR - FRE) &V o T /T e
HEZHRE T, MESNDRIEREZ AV TKRIBEO XA 73 v 7 A& BfRd 5 EE,
FFEL TS, BL—FRT A XICLHELT v Y VO BEIRICHE S R
i RGELLC K A EJRGHA, #RmEHAl, 77 X~ CORGELFHAZR 5 A B X T e 5,
RN & LT, ok ORI, AABREIC X D &2 ek L ik
HPHED HILTWD, £, B SN2 /TR - BELSTE#RZ &0 L 5 ICBET 5
DEOITET Y 7 bR fm ST\ 5, ARFRETIE, 2RI 500 28 T
Fefly - fRTE T VO EZ . AR U Cagam L. Bl e HiEam ok 2 B4, St
H7et - SV - ~A 7 n EEHIOBLIAINIZE, e - 7 U o 7RI T 50158
LREFD . ICHF R L FEEORENET —~ & L TREBNZIRE I TV D ik
ERFEMICEm T O Z LR HMET 5,

WHEERS

S 1 ARG P G RIMFFE D R EMFZE & L Cld, B 243 2 8§17 —~ & H |k
F L2 B TH D, ik, EINCEIRESATHD D SV - v/ 7 vixHuvi
FHAEA < fRATET AV OBRFE & £ OIS D58 (WHFEdER) Tik, OB, i
Hew - 7V 7B L, FETHEL 2> TV D REMIWETEE, £ %2 TIThitT
WDFHAIRE - Bz, 2B 28 L Ciaa Lo, MRESR bl EEEmERD, 7
2—RXT VA, TETTATT VAT T FZRHOTZEHR] - fiffr s — 2O & & 2 b
lee 7—=H A MY =3 7L Capon (DOWP) % HWVCIHIGE ST 2 @O & L
TEF o, B ILFEGTREE L THED 5 2 & & Lz, RRELEO 3 IRITHEE D
B, BRSO & S g TR 5 R EAE W HELEHI T TnWb, 77
A2 BEESAARHITSH ., B2 B HE OGN TORTnD, mEE S 7 =—
AT VA TETTATT VAT 2T F e HWTGH - i@ ©. [[l— O FIE A T
5, ELEFFEORRIL., 6 HIZBME S5 EFi<# (20th Topical Conference on
High-Temperature Plasma Diagnostics) THET 2 X 5, & L7z, 77 X~ OEHFHINC I
W, B ER N B RBROERME ST A E R ATRETH 0 | fiE CTIRIERS#H TR
zFTHEY, BRLEE, 77 A<HHITHETT —& A N — U 7iEZ D A=
VAT LESD BIFTERY | B ER - SHIO RS S LD,
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25 1 3-1

V4R TO27ASDREFRREETALE-E - BKOEERRE

SRR AR Z

1. AEBH

2015 FEOF BIF N T ESIL D EarthCARE (EC) 21X, U ZEL —4 — (Cloud Profiling Radar;
CPR) « 7A X —5 W22 - =7 a0y )L O 2 HEEREO 7248 2 8L O S 28 8 Tl oA L 1) Bz B9
HZERAEL TS, BC TR ICH#H SN2 CPR I =D A NET — 2% W= EMp Y -
V= L7 VYR LOBAFEIE, TR DO FE TR N ED HILTND, L, EMELEYR) —
ISV T NNFYVZ LD BRI R ThD, EfgE O E - EMEENET — 2B R 2L T\ab, EC i
2 CPR CTEHAIT ARy 7 I —l 2 W EM B EY N — LB W T ShIETRIZU RN — 3 v S
- E O ARHEEM AT R EWER THD, DT80, $RETE D EkEERIE T — 2% AWM
FREVRN)— LT LY ZADRHFE L F DI BT D,

74 R0 7747 (Wind Profiler Radar; WPR) I3, $RiEL 22057 LA T « 22 100m LA ORF[H - SR8 57 7
BECHIIE CEDRF R A D, F7I1C 50MHz #7 WPR (%, Bk - EDOFEEIC I T K FE LB iR & 1 E
TEDL, MOBHBER TR WRFE 2 FFD, AWFIECIE, #l ER%E O WPR LR 2Bl 5545
— X —+CPRE& DT —Z %15+ 52T EC 7 ud =/ NIBITAEMW IR &Y N — LT LY X
LDBFIZH 5 TEHE - KO EEMNE FIEEZE T 5, SOICHBELIRIE FIEZIEHT52LT,
S DN BT - EMFLE KB EOBII T — 2o MM ek T 5,

2. AERE
21 SREREHRI T —2 D NE FEDBF

WPR 13X, JEITREELICE R b —a— (ELitma—) DRy 7T — AT NUBENE it M OVEL SR B
i35, ITHFEOL — —A A= U T AR ORI LD B e LI LD, WPR OEUGT —# &l
KTHE 100GB/ HIZ K 55, ZD7-8, FHEMEERRIZED, @M OEKE TRy 7T —AXT LD /3T A
— X (ZAGTRE Ry 7T —I T « AT MUIE LR | AT MULRTG A=) B3 AT 5 FEERRS LT, &
BIT, AT/ RTA—=Z OFHAFREZ E EmANCEHI 92 H1EZ NI LTz, BRFAREZ T TRETHLE
EBIT, mPL s LT,

50MHz #7 WPR 1L, LIt —&E AR oo —% 0B T (5 FIRE TH DT . BRIl OFhiE.
i ORI < SRIELHE TR CEAME—DHIER T D, Lol B/ EIR N OSHEFEHIE (2351 DR /KRL
T OB EENNIFHIIL . SOIZFEARL DB AR/ N L D D8R E IR 215D AL L TR0,
FEAEE |25 [ e x| BRK BRI N D8R I 205 L <1530 FIEO BRI ATZ,, FHEMSERRIZID . EL
TR a—Af s a— R ICHZ N2 TRy 77—l (SR E) 28952 L T, $nE
HNZE W CREARL DR B A i MY CEDZ AR LT, BT, ma—igEHIHICHNE N2 TE-%
1EHRE L AR MEIZHIEZ N2 52T, ZNOOFHANRE E 2 17 ES W2 FEEB R LT, BIFAUREZ
EC ffRMRGES NV —T O RRR £ S THRE Uz, BUE, MR A A e &5 s R 3 2 i &
EHIT, 50MHz 1 WPR ZEO BT — 2 hOVERZ D TUD,

22 13GHz HL oA A= % WPR DEH

LU VARA=T TR, BRI OVR 2 B EEINE BB A A S EAHZE T, WPR O E$nE 4y i
BE (30-50 m) AHAIZ AIREL T2, Lo VA A= 70T, ETE - EJK - R E T 72 8 O/NRE A — LD
EREEIEELA AR oA A7 IIE FIE ThDH, WEFEEEIT, 1.3GHz 4 WPRIZL U A A= 7 BB 52
G52 LT, 50MHz # WPR TIHHIE TERWKRE FE (B 2km L) (231 DR B O ks B 7+
EBUIT, SEEIL, 1L.3GHZEL A A= 7 WPR THUSL 72 K& FE O E TR EH T — & D
AT ZHED HZET, RGEMRENOY—~/L, FEE, KKK E DI SRR A B OFE Mz R
FTZENTRII LTz, BRI AR TR ETHELDIC, Bl & T+ 2 2D 7=,
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23WPR T2 ZERDBH

WPR DOF RSSO BER ERDME NSO RNEAZZ (T H) DT X T T4 7 72, 2T %
Y RININOD LA AGHE N VI T D, Fi-, 50MHz Hr WPR O FHHIE B ) I, 7r~/\~ﬁ/7/1/
P&V A A= T ERSRED TN E E LV, T v RV 5252 50MHz H WPR OMERER] 4 H
A& L7z, WPR H T U XN ZAEHEDBIR D TD, BT OFT DXV ZEHITILE Y 7 by = 7 i
H#Td 5 Ettus Research 54 USRP Z WA= DITIET AN TH D, EHIZ, UT VA AME SALFE
O THEMT DD, LRI E BV D FEEE S A RE CTH D, 541X, 50MHz H WPR ~DFT U XV 5
B N2 MR a A LT, SHIZ, FEEMF RO RERITIBNT, WPR OFT VXL ZEHED
VAT LRI B R hE LT,

SEROER

BAEVERLH 0 50MHz #f WPR- & 5L —4 —+CPR 25 D@17 — 2 & M =22 - Bk W R & 0D i
*%TE?E'JE%E%@E»FB%M?% BT — 22y OVERKEE KR & ORI E FIEDOR% 2@, EC 7'a
T IMNIBITLEMPIEEVN) — LT VTV XAORFICEERT D, 7 VXNV 2GR E Ol A
T LOBAZICH BT e, FEEMFFEOMGEEE OF A ZED HZ LT, FEEMFIE D3R FTREMEZ -
TWETZUY,

4. AERE

mXrRUVIOL—T405

+ Gan, T., M. K. Yamamoto, H. Hashiguchi, H. Okamoto, and M. Yamamoto, Error estimation of spectral
parameters for high-resolution wind and turbulence measurements by wind profiler radars, Radio Sci., ¥fa™T, &
FAY.
o, ILKEZ, T Gan, Noor Hafizah Binti Abdul Aziz, LA, I 2, FAA] 1.3GHz HL A X
— VT RRL—F —IZLA KRGS N O @ e B, 557 BIMU L —& —RIERRL —F —2 R
25 233 [MIAEAFE S VAR T T L) Ta—F 0 7, TR, 2013 429 A, &L,

FRHER
Yamamoto, M. K., Y. Shibata, M. Abo, T. Mega, H. Hashiguchi, N. Nishi, H. Okamoto, T. Shimomai, M. D.
Yamanaka, M. Yamamoto, Timbul Manik, and Syafrijon, Measurement of vertical air velocity and hydrometeors in
stratiform precipitation by 47-MHz wind profiler radar and 532—nm polarization lidar, 36th Conference on Radar
Meteorology, 2A.5, Breckenridge, Colorado, USA, 16—-20 September 2013.
Gan, T., M. K. Yamamoto, H. Hashiguchi, M. Yamamoto, and H. Okamoto, Accuracy assessment of spectral
parameters of range—imaging wind profiler radars, %% 7 [a] MU L —# —«fRiE K&K L —F —T VR T T A (5 233
[EEAFE L R T L), AR, 2013 49 H.
f&NiEs, IWAEZ, T. Gan, Noor Hafizah Binti Abdul Aziz, (LA, T3 2, MAAI 1.3GHz #L P4 A
— VT RAQL—H LD KK BN O S e, 25 7 EIMU L —& — - JRERKL —F — LV RPY
I (5B 233 [BIAEAFRS AR YD L), AR, 2013 49 H.
Gan, T., M. K. Yamamoto, H. Hashiguchi, M. Yamamoto, H. Okamoto, Accuracy assessment of spectral
parameters for RIM WPRs, International Symposium on Earth—Science Challenges (ISEC) 2013, P03, HREFFTIE
7, 2013 4F 10 A.
IWAREZ, T. Gan, A Al, K¥ #—, B0 EZ, WK &, v R7a7 747 — 128580 EFHZTE
L7z EarthCARE i 2 E7 n X 7hORBGERE, H ARG 2013 FEKTF RS, A366, HIMIRIAT, 2013
F11H.
Gan, T., M. K. Yamamoto, H. Hashiguchi, M. Yamamoto, H. Okamoto, Accuracy assessment of spectral
parameters of range—imaging wind profiler radars, H ARRRFE 2013 £ RS, D211, BIEAIETT,
2013411 AH.
Yamamoto, M. K., T. Gan, and H. Okamoto, Validation of EarthCARE product using vertical wind measurement
by wind profiler radars, Joint PI Workshop of Global Environment Observation Mission 2013, B AT H X,
201441 H.
IWARZ, U RIaT7 74— —F —|ZXARKADFI GO FHA, SV -~ A a2 A7 Gl
T - fRtrE7 VORI EZ OIS HICET 0L S, miRAE T, 2014 4 1 H.
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25 ¥ 3-2
JTZILE A LEBERDE=-ODERFAL—45@#TEZTDEA
TN R PEEE v 2 —  [EME 72

1. [ZL®IZ

~ AT A= TIE, B UAD 7T X< P OREIRSOMIICH e FEE LTHEE SR
TWBHD, FHEEREE R OFBRFELZFIE LIENSO b, 2RER O LV — & T2
L—F% VE—hE I TORBETHLEATHL, Br b PR I9FEELY ARy 74 MR~
A 7 a A 0 L —% (Synthetic Aperture Radar: SAR) DAL D | Rk 24 F-E F TITREP L 15.5
0.8 GHz DY AT L aBE, Rk 24-25 FFEA Y 2 7" 2 —FE300T 1 2 5 S5k 2 5320 L 72,

~A 7 SAR TIXERIEIC L0 JEEEHBRAHIRS D720, +o7eEMnitax EB+ 52 LR
NEEE WO ER S 7=, REEZT, ZoMEE 7 V7TV AT LE LT, ~A 7 0 CIRIEZAH
ENTEFRI L —F L —F 2, AR OIS X0 BRER RO kI, —ReA A=V T B E
B2 E2RELTCE, L—VOLEFBEPEEITERIEOHRBNZEEY L2, 1-18 GHz DI
AN ARECTH O . KEE B O 2@~ A 7 a IR TITH> Z &2k, v/ 7 SAR T
IXEF R REZ2 220 1-10 e 3 WIRE S L B,

A AT BT, CERES 2R L3HABER & W) Z ENRTE D, ZERICHEN Sh Dok, 224tk
WHENTZRINETHY . A 7 a IR SN2 N2 EIZMA T TOREEZH LT 5,

i) WERB OV A L —H L T L=V O BAHE S, MABT—2 2 JET D Z Lk
TER2, RV AT ATIX, BEO~A 27 vl SAR & [RERIZ, #RIE - ACAHM RS 2 HE TE 5,
i) AN L—ZICBIT2EFUHICBW T, LIZUIE SN MK T OJRK & 725 Ay 7 )VHEF IO
W, ~A 7 aila2 N RETDEARESREEE 2508, AFEO L)L —FERFETH8551T
ML 725720, —J7, L—YE2fHTIEGREL 25 a2 —1Lr bRIZOWTIE, ABFED L 9 (&
LT~ A 7 a IR CEFUEEITO OFREREL T RN LTk d

2. vA 7 aEER—FICHERKBAD L—4&

DRI~ A 7 e L—V ), ARy b T4 PHFXERKB O L—4 ], BXO [EELLEE - 4
VAT N BB EGDREIEEVAT AOT Ry 7 RER IR T, WK 24-25 FFEF AOREE OB A %
D, RS MO L Db~ A 7 n AP L —F L — X ORGEER L ED T, FREHIIE,
Wk 26 FEFEOEAE BIE L LTWD, BAHSIE, ~A 7 ailEAlkn L —2TRIEL &b L
AT, DFHATRECTH 5,

VAT ANE, AN~ A 7 e ERIESREFICL VARSI R L —Y (R 155 um) 2RAET DN
LR, MMEEDTDDNT 7 AR~ T A NR— v T TBIONEER, S 2 B0E 52 IR
LTEDOBLRERZZEBLOBAE L, ~vA 7 nE 5o 2Bl 2% E/K, B, Ell~v( o=
WIESLEBRBEOTHOROD~A 7 0l I X bR EnNs, ~1 7 allifE 513, ~1 7 ok
RO BE SNSRIy & X X TIRA SRR NS oD 2 Ll D,

ARG (FM) L—& Cld, KHEO

DI L BB OM 0% E LOLERR  [iws faoaron
(AT 2 EERBE~ A 7 7 B IR Off J R
SIEBENE & Af, ol z 4t &35 &

; ; ; . Fo—Fdeqomig |l ok || b= L] %) #Eres
RS L BBEOTHIC LV BONE T | ssgcon wiin | SES [ wES ] trrhe
JEMER TR A TR S D, e =

= 1@
BEYA0 | 7:1’7;! o deRE L % | iggzi
i L A _L A AL Af M RES EF B AR [[| 46 &

c At c At c At

| ADERE [ F—5UETOLyY |

UL = L, + AL, L, 132 (Z N0 ES) =
K, BT AR T T AR T ARG F—5 [aweo Fo5U2 D o = |l BEATS
Te RN B BRI AL BV, AL Frec

LI A I RS E OO ¢ 1 \
D, ‘ I~ 7 RIS L — Y SAR R,
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3. L—HW L —F ORI EEERR

B2 (a) 1%, folEEEZ 2 b7 & EOPMERBOZE N2 R~T, foIRFRIE 4= 18 ms, LI
—ETHD, X2(Ob) 1T, ®oIEEZ2 LSz & & O FBEREOEE RS, w51 E R EE 4-~4GHz
BLOLIZ—ETH D, FTHEEBEEITRSER SRR X OS5 R oW 8ok L TRIZBIRIZH D | (1)
XPRMESNTWD, BT A M E{Tolztk, MWK (27 —) OMEICxH 2BIERR (hifH
PEAL) ZRODHL—F L L CORBMRAEERZIT 72, TOMEEZX 3 (rd, FREREIIS SR
DONLEIZHFILTHE Y, ERTmE S5, ZOREND L P HBOZEMREIE +(1-2) cm & FF
fli ST, BB A IR & B EZ S S B & EniE, ERORIIWET D Z LRI s NS,

70 70
a ——y=0.031428 +:8.9971x R=1 b —y =-0.68643 + 0.66969x R=0.99916 *
>
60 r///‘ 60
50 / 50
v /
40 / 40
fe // /
[kHz] 30 . 30
20 (/ 20 //
10 / 10 ¥y
0 0
0 1 2 3 4 5 6 7 8 0 20 40 60 80 100 120
Af [GHZ] 1/At [1/sec]

2. (a) TPIRVEE S vs. 4751 AEENE, (b) RS R R vs. 45 [R5

1.76 ——— S— — — — —
g A
1.755 | ol

1.75 E 1//
1745 | 9/6

g c /
o 174 | /{ :
5 s z
R / 1 3. HRUERE vs. XY
173 foy : ECORHE—L—FL—F 0D
: 1 B
1.725 Lo P P T N .
400 420 440 460 480 500 520

AL [em]

4. F&0

L= L — &3 L L COJFBREER RS bz, MIEDRGENG D, L o P77 022 M55 fiF
+(1-2) em & HERE S 7z, FEIEMIETE AR 35 o0 & R 5 | OB Z & HIZm b SEUE 2 OEisEET %
LI EN D, AR 26 FEEIIEBREN TOBIGAMER (SAR ORREE) ([ZELTETH S,
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[4] K. Ohsawa, Reports Research Institute for Applied Mechanics, Kyushu University 143 (2012) 29.

— 126 —



25 FP-3

EREIEEVICE THIEARRMEKRRFEFOMEEERICET HHR
MRARE KBRFHILKF JELREH
TAEEEA KE—A

(&R

EF#ZMERBRF(ITER)EF A /N—F2 —IZ8WVW TS XY DB EZ (T HHRETICHE 2T S,
ZI T, FAN—F—IZITKRBMEINE < THEFEME EMEBUFHEICENII VI RXRTUOREET
WEINDENFEEINTWSG, TECTERUVIRTUREEEKZLOHREERHOMELEA
[2ITHOND&SITH Tz, FUVTRTURKRBEENZRILEVERLO THADRIZKRLITE
ShBZEFGEL, LML, ZAEORMBICIIHELGZENDKE (KFRRGEK) NIFEInd &
MFRINTULD, FIS. BHEHO M) FOLIIBFARCEATH 52-OICFMBE~NDKRE=H [ E
T2 TW3, SHIZE—REBHEICEDEAVIRATY (BXUEYITTY) bDETFLICHE
SNTFKRIIMDOBCCERETEHRERONGIMFELGBEZHE DI LMHALHNIZLHE LTS, BED
BCCEREBMNZEF TIEKFKRIXO-site EMEEN D HDAENRET, RE COHEETHEINDS, &2
AN, FE—REBEHEICKDEIVITRTUEATIIERLBLKZOBENFTRAIATLNS, CDK
SHHELFRINAIKEDHELGEENERIZER INLID., EVVDEERIXZESINEEMNIZHK
EEEhTULWEL, ZORED1DEFEAVITRTURTAKEZZFFEAEBBELEWNEDIZ, KE
FRRULEHABEELILHARBLI-OTHD, £ZHH., B2ZRLEFThbdEEMIEEYDOHIC
FKKFRZLICRBTI2ED0LH YABEFUINELBNESZTHS, KREEOHETIEZIVIRTY
ERMZMICR CKRDBEICLESIEREBILEMNH ON > =D THET S,
[BCCH&FLB2i&F]

112(a)BCCH&F &(b)B21&F %= ¥, BCCHEF
(DI AEF) IE1FEFEORFTREEIN TS,
— B CB2HEFII2FEFED R FTHBIN TS,
ZTOD2REEDRFER—HRITNIEB2HEFILBCC
WFE—EHT D,
[E—REEH]

ARARTEE—REBEFEDORNAI—FTHD
Vienna ab-initio simulation package (VASP)%
Fofze RTUTYILIE—MRIEDEELZAT
(GGA)DELD . KEDEFEEIE5x5x5, [RFHEMIE
BEEIRILT—DNIFIEAEEILLELLEDETH
FiEMEEYRL-, (0.01eVUT)HEIZfE-T-
A—N—TI)LIFE B FSMETEREIN TS,

metal A

metal B

(a) BCC ¥ F

(b) B2 #&F

1:(a)BCCHEFL(b)B2HEF, BLUKRTD
T-site&O-site,

FKZEOEEREIIR2OLSGFIETHELT -,
T KFOVHREFEBEFE->TEARNKE
[CEH(IZHMSETHLORFEMEToI=. ZDL
STEAEATIEFHEN G EFRINICINERLAEL., Fi:
(FERTEIREICEET HAREMELH D, LOLETE
NOEEKRELAH-I-IGETHLTDEEXTR %S
AJREMEZ /NS TED, Tf-. ERTEREITKEN
B AT DB D @Y E (saddle point) (245 TA]
BEEMLHY. TDEREF/DIENTES,
[FELI-€£REILEY]

B2E! £ E 1t & ¥ TIENi-Al, Co-Al, Fe-AlD 3
FBEOEAIZOVWTEHEL -, NIFAIZRF# L%
T1DILZEERVLEENST LI ETHEE T%
BEOXENEHZEALRABIPERTESLDT
HELTL =, LOILENS, FERNDESEEAF
DKFZEDIRILF—ELITELFRETH D, CD
OKREZRFTHIRELITEL D20 DERE
FEEMIZTDOVWTHETE T 5T &ITEo 1=, Ni, Co.
FelZEAHARTELHY A -ENDEBHRERTHY
KL= EEED,

— 127 —

MHDKRERE (ELETHER

oy

BEFROmEL

BEORBEL

\ . FEYIh

ERTEIRE2

EREIRE
HEIRRE SERT

H2: KRODEEREZHRRT SFIR,




[ZZAHBDOKFEDEE]
BEFEFCTEELERAAZNETILCHETREEAIZE
GEDKENHEINIERNERMNICKEN, ZFTE
AP DEDKEDEEIZDOWTHLGERS, BCCHEF
DHFAE . ZAPDKFKIEIRI(a)TRI KSI1Z0-siteD A fE
MNEETH D, O-sitelTEZARNIZ6EFET HDTKEIE
FE/N\EREEETEEEZONTE, LML AT RT
V(BEVERIVITTO)EADTIX(b)DIFELEEICRY,
KFIIO-site NS FEHND18%IEELIT D, D KD

BEREAIEHANOECRBATI2ELO K RAmE O EROME dilaas
SNBSS, . H3: (@) BB DEARDKEDHEL
(&RMIEAMHDAROTHLE—441) ()R,

HA4IZNI-AIEALFDKEDIRIL X —ELMEF TS ZZF
(NIZEFL) [ENICAIDMERLEE 11 S EZ AT 1+ CH B
BATES . LML EAPOKZFFEEZEGTDOKRKELYL 08 BFMOARRT
FTEETHYSELEFMNEGEEHETELEVLEY KZEDREF 06 }
[FEELLNZEHhoT=,
K5IZ(FFe-AIZF (AIZH) FDKFRIZTODVWTHDHERE
T, CHhLIIKFREDHE NI BREHEDKETHH
ETHEADhI oz, T, KFRIXERID(b)TRLI=ELDS
2R AT OB ERMEA R ELEEIZH ST, 'c“
SHIZFe-AIEZFLICH RE T1I2EFE TOKFEDIHEN AT EE 04 | NAOKE
HYCDBRBLIV T ATUELRILEERIZH ST, ' NiZf,
Fe-AIDFeZ=FLIZDWTHEEL = AIEFLKYBKFEL o
DA NIEBL EARDKEDHEEIZHI(@)TRT LS 4 :Ni-AIZZ FL(NIZZF.) P D KR,
#0- sﬁeﬁ&-h\ EHEEDEBETH -, EZAN. TH
S Eh-o-BENRLNT-, BEIILEPDOKREER il | HFMOARRT
FHUBHDTKZRBICIEIHHEER DL EL ZD=HZE 0.34eV
AR 2EDKENHEINI-IBEER6(a)TRT £S5 00 I R@hOAERF ——'——=———=
2 BREEEEE EA M EBERFRIZES, LOLAEAS, Fe-Al ;‘"“’""’*"H*
DFeZ A B TIX(b)TRT &SR LT-O-siteE K FE M R | D4RV
HOEIENEEIZHD, AERDIER(ZCo-AIDEAIZER
FeAlbh Mk F:

2V (W =
AIDZA, A36eV(3H)  —

1.0

0.4 FADOKERF

I 0.70eV
02 0.38eV
0.0 | RBPOARSTF —— — — — —=

0.2 F

KRO IR INE—HBI(eV)

-1.0 f -1.03eV(2{H)

AEOIRLF—HEI(eV)

li?&)] 1.5 | -1.56eV(4{E)
BUOGATUOEARDKZRIIFELGEEEELSIENE -1.79eV(5{@)

BAD BRSNS, 2N ERL R FE DA A Fe-AlZe 2 Aateviem) ==
A TEHBND DMl ChED A LK EERE .
LTS R DERATETH D, SEEBETE 5 :Fe-AIZFLAIZ )R DR,
SHELEETICPELR M S L— T, 2
ARDKEDEE SOV TRIEL TP ETH B, £1-.
BUH RFUEEY T FUUN D EATHEERLKRDE
ERE OIS EXEETH D, CDKEDHEELREE
EZ LN TV EEYL BN B OB S HIZHLN DY
Ch DTN B D,

SEXH
[1] Reports Research Institute for Applied Mechanics,

Kyushu University 143 (2012) 29. X6 :ZFHD2{EDKERDEIE.
[2] Phys. Rev. B 85 (2012) 094102. (a)F AD@B<IHEE &(b)5 HAEK

Ho

(a) AMLESKF (b)) EELI-KZE

— 128 —



25 FP-4
R DB & 5 R ORIRAME

BRAEREMER =EHEEX

1. B#

BREEFFPEETS VP CHEASNIBEMOSEFERBRREEZRDIDIE. ZELDIEEEHY )
—THMETHD, BRIV —TEROIMHEIZIE., BIEFERELTRWAHE. FIFHE. MIEMHkGE
DEWRBREICH T EEHOEBHAFARTHD. BFEEDYTIL—TTIEINET. r-W 754 MR
UNFOOLEEEZDRLICHRZESTELDN, SRREZ LRSI ELHEE LT, frsgis+/
PFICKDNEERIEEZREF LTS, REE(X, 7/ BFHEUZ K Ysk{E L= Cr-W 888443 (0DS £)
DHBEBREZTRY ) —TERRBEET oz, HIZ. FERELTOERIZK > T LTz 9Cr-0DS 5H &
12Cr-0DS $AZLEE T B &Ik Y., Cr ENMEFEBHALMNIZT S ELICERZE LV =,

2. A&

112, 9Cr- RV 12Cr-0DS SADEET O RETRT, PILTVHRT b A ZERICK YMHIE LTz
BERFIZY.0:F/ HFEHML. MULEOOLEEEHLE L, SERBEICKYEELz, MEOMME
M EERAAEARFTOBBEFEMRICIVERR LIz, V) —THRERBREZBREHNEARFOES
BEEXEERV)—THBEEICK > TITL., MEEBLEERY ) —THMEOBEEZHLS NI LT,

3. HBREBR

22 9Cr-ODS f§ffl & 12Cr-ODS Sl D #ilfA# % LL 8 L TRY ., 9Cr-ODS I LLER A/ S s RAL &
FIBAHMERLVYILT YA FEZRL. 12Cr-ODS (I LB R ELGHBNZE TSI T 54 MEME
ZRY. 12Cr-ODS fiTIE. BLELEREDEMMN—MEI ﬁio’C&U (EB3). CHhlE, mmIzLE
[CE - THHBEENEC UM I EETRELTWS, MEEIBEEDNT / HFA—EICHTHLTY
%, T/ HFOHYA XFH 3nm. FEIFH 1x10P%/m° T, MERICHELEERO oM o7,

12Cr-ODS

(pre-alloyed, <150 m)
Mechanical Alloying

Addition of Y,0; (~20nm) -
Addition of elements for .
compositional adjustment [ =
S — » 8 =
Attrition Ball Milling
Canning, Degassing

9Cr-ODS

Argon Gas Atomized Powder
(220rpm, 48h, Ar)
(673K, >3h)

v

Hot Extrusion
(1423K, Extrusion ratio = 6.4, ~30mm(F))
78008 &
Hot Forging

(1423K, 50~60 mm(T) x ~10 mm(S)

v

Annealing
1323K, 1Th AC + 1073K, 1h AC (9Cr)

1473K, 1h (12Cr) " T
L 2 / .

Cutting, Shaping
(~40 mm(T) x ~200 mm(L) x 5~6 mm(S))

1. 9Cr- BV 12Cr-0DS S EMETOE R

— 129 —



P
% .
Y . .

9Cr-ODS 12Cr-ODS

3. 12Cr-0DS A Hi F & Erfi
2. 9Cr-. 12Cr-0DS & o #i A 8

4%, 973K [Z&I1T5 9Cr—- BT 12Cr-0DS D= * | o73knanmPa ! {—12C1-0DS
BYU—TEMERT . 200MPa DFEETIE, 9Cr— R T e e e e
ODS M (F 5 H Y 1) — THEEEFRE AR LAY o 0 : :
175-180MPa (S E% T % L BT 5. |

5k, 7 —THEFREELKEL-LDT, & 240 e
rEERAANAELY & 9Cr-ODS DIES Y 1) —THRENS 37 A T T S
LAY, FEETEREIASR N HER L. T DERH 20-40 B (R et D S S IR T
BI= 85 2 & b B, ¢ F B B B 5 9 B8

BEBHOEEY ) —TESIL10FHEEETH 1 oo
Y. fE> TEDEHTDY ) —THEF 12Cr-ODS IR i con WO O -
DHEBENZ ENFE SIS, 12Cr-ODS (. #EHR < A
HHKE =0, FICEREE CHEEICLIHRT gt [T Tl
RYI2EBV)—TERIMGFISAIZEDEEZ S Z 4 "'""i"'”’*}’”’m:‘:‘rODSfiEﬂf‘*Ej """ S

. : T 9Cr-ODS 175MP2
4. WA ’ O 20 40 60 80 100 120 140
EERX, RRED, BBRL RRAREHER . Creeprme b
5. FERMX

T. Muroga, T. Nagasaka, P.F. Zheng, Y.F. Li, H. 300

Watanabe, "Dislocation evolution during thermal creep Z

deformation in V—4Cr—4Ti with various thermal and e

mechanical treatments", Journal of Nuclear Materials, s - s o e e

442-81 (2013) S354-359. g ::_':::::...1..2977???’??.‘ .

6. ERKBTOHRE E

T. Muroga, T. Nagasaka, Y. Li, H. Abe, S. Ukai, A. b

Kimura and T. Okuda, “Fabrication and z

Characterlzatlon of Reference 9Cr and 12Cr_ODS L S R S I S S

Low Activation Ferritic/Martensitic Steels”, ISFNT-11 100 i0 700

(Sept. 16-20, 2013, Barcelona) Rupture time, h

5. 9Cr-. 12Cr-0DS #8®m 973K [ &
(T2 1) — THbRE

— 130 —



25 FP-5
il 7 7 A= ELIRIZ 3BT D RN TENMED BBUKAFIEIZ RS 2 WP 58
A REITEAT B HE RS

SLITHR S I I A A BB T2 7 7 A~ LIADICR O EERREDO —DTH
Lo RERDL AL NT T AIZBWT, GLREEIIRKEOR 7, BUEEAZ5I SR T
MO THD, 77 AMHERUEIZIE, 77 A~EliEEcBET 5 3525303 LETH
%o 1Rt (BT D) ik a— R THDH, WAL= — RTASK3DTIE, BVEBfREicy v A
R —AL A —1 U Large Helical Device (LHD)IZERWTfHEHOILTUWD, A A iRE
AFLELR OB, Ry ~plv (. 8. T, R D31 A L BUEHUREIC b D, = 2 Tfidy, §&
txOBBTHD, yITE—RFZRXAXT—ORESR, SIIMRA ST NNITA—ZTHY, 4
XD D HARIE D AR CTh 5, ik o — N CELUIREER I EOET Vv E2 W5
RHDHTOIZ, EOREMET— D, REENLTWENEWET HMLENDH D, GKV-X
a— RiIAU BT T X< 2B TELREEII R 5 A A AR E A AR ZE T & HRii o
WL a— R Thbd, WEORME LT, GKV-XIXIERRIEMIT N TX 212 h 000
59, LIDO & A A IR HEEH88343 COMIE Y v A v iEE RN 21T - 7=, 72872 HGKV-X
a— NIZ X ABIBITICB T A I 2 b— g > a X MIZOIERIEMAT & b _XCTIEFIZ
IS TH D, SLRIEEREIIB B E0IIEY v A o E BRI 5RO b =g
R W HIRD B, FEIREZE Y ko — REMir 58812, Vv A niEd)
O RICX VAT v 7 T IORERE RO DFEEZITH) Z IR TH 5, KEFFE
BB HEa— R TRIHTE 2L 97%, 77 A RLEEMWICEELRYIL T A —2 T
THA G UEBIEEUREB DT ) VT NRNETH D, RIFFETIL, A A4 IRE AR ARZENE
BT DEERNRNTA—HIIL.(=-T/T)ThdEEx
Sb, D5 A—FL (=n/n’ ) REMEEITESFH T T T @
DRCEET D, B3T3 5 HR T D R EEREH « .0 -
KMy, DTV 7T ORI Z 2 CIHERT 5, A 4
BYLEARE DTV T HAT o0, ZOFET V7 Lz

150+

Rix, Wka— NoFCEPh, LIDEREEDOA iR =
SR E, VI al—ya URERBRERSND, sol e
XU OIZ, GKV-XT— K& =T o> I = o

L—ya & f{Tolc,a v /3 —88343DLHDIZ T )
HimA A VIREET— RTOA A REARNLZENEE S e
L, 2OV alb—a VIRPEENS TndREO3 M
YTERESS TR O & & 1A TbI S, Z 2T TREE 0 o
AFREITELNE LI, BERT Vv v MEBIOKRIE  osr L :
AR RITKRT D8R L~V B R LT, A A BERUR K amjfgw

% Ao PTEITIRABMFIC LY, 6 /0o =C2y v/K2 TR = o3t

END, T2 Tye=pive/ RITY ¥ A 2R — AEHIRE, 02!

kIR A T, vidA AV IREARE — FOMRE 01l

ERTHD, EBRERLE VI 2L —va VOREEARD g ‘
"é_‘%)f:&bﬁ:, iﬁfﬁ%c%ﬂﬂb\, ::'C“@iCzlkﬁééo A 0 02 04 06 0.8p1.0
VIREAEE — RIALZEICIR DA A REAREZRD 11 =Fps oo+
DIEONT, x Y PRIAL ST A A AR AR KT 5 jj{‘%ﬁ%ﬁ%ﬁ;ﬁb 07;%({)
RAFE 2 FART BRI DT RTCDOT T A NT A el Z50 2 4 o B AR
—Z—%EEL, BESCEE/BOT a7 7 A NVEREE %%%%w@%d DEETT

L, )50 DRITEID T, %/ e P RILy, (2% DKAF

— 131 —




PaEF_I, A A VREARARZEST— R T, L, NEELRYHARTA—Z—ThHbH L
BR, % Ao X A Kes =aP)R /Ly, —R/L ) DL HITET ML LT, 22 CL 3H L LT,
A F AREABRET— RNREZEILT DA A REARTHY, p=r/a Thd, BITMD
TEDD, Hb LB EARSCLE 2R OMEIZHEZ a(p) IXMEGFT 5, K 1131 40
ABLE — RN ARLZEITIR DA A IREARR/ L, ER/L AT 2 Z a(p) 27T, K17
7 7B BR/L, X a(p) DIEEFAWT, A4 BIEBIRE ¢ /xes PET U > T HFT o
7=,

WIZ, THETITET MU LT A A4 LI BER S 2 -V T, gk o — K& ST
L72BRIS, Bk A T 7 A%BER LT, IBRN—Z T CODGN/LHD T — & ~X— A 5
B AL AR S A RO T, B ORI OSAITERIESRA 65 LD, BT OME
185025 < p < 0.80 THIMBNESAE: 2V 7= T BB DO WP FET D, FO=MRNSEDOEY, 2%
5o AT REZRLS 77 XA~ ORG RO, BE, EHRE, BREGSZEREDs
IR EE L CWb, LHDIZEBIT D> 3 v o /3N—#88343Th 5 idE T, Hil
t=2.230s D EBRFE R %, BE, BEHRE, BEBEONMITHONTHE Y, £ 4 AREDORTT
W DBARNZDONT, BT ME LT A U RERLRREEHNT, T2 —Ta U &(To
7o FEBRFERICHB T A2EFRESARREMBEEZBIEMES I 2 L— 3 BT 59
e LTEbbg, A A REOKEREDY I 2L —2a rZ2To8IC, 1A 4
D OB Z T AN TWD, FTMBANNGHIZONTIE, FIT3ADEWH 22— R Tif
BLEbDEHANTWS, M2@DEBRT, YIal—ralfgRheLTEon-14r
IRJEAG D EFIREZ /R T, BEIZLHDICRB T 5 3 v M /3X—#88343 T 5 JiE T,
KEZt=2.230s COA A REDERIERE T, I 2 b— a3 UIERDP OGO M
DA A U ARESAIILHD DO EBRFER & & HRRE D —E &~ SLIR, #r i sl sy e
D, EFRDOBEITHAAE R LIZbDORK20)TH D, A VREART— R >0ORJ;
M OFEIL, 00<p<025 L 08<p<092 TLEEAINTND, FERREMRIA A > DELE &
Bl BRI RARE L XS LT\ A, A A U ELTREE I T IE B 2R IT T A 5ER T,
Bt R & R TN TH 5,

AWFZE I, HHICLHDD B A A 2 iE (#88343) DA IZOWT, Hik=a— NioA 4>
BE ARG ZEAT 72D, 4 A REARORERICEIL T, A 4 BEHRE D
EFTIMEEITo T, RIFEEZBE X — REHAWT, o
EF L LIAA A o B ERE E > TR bR I 2L £
— g URER ELHDD & A A v BE (H88343) D & & D FER 3t
R LD EITo T2, Sk, MY v A 2 EEGmAETIC
EBvIal—varfERE, ERIBMITIC L AR L D ’r
i 21T 9, S BICHARIEOEE It 2 B LA D0
BN D, T D%, BT AL LTZA A o BIERAR I & At
%o — R (TASK3D-p) ~E A L72V, FMDESR, R4 0

4 #88343, t=2.23s, (almost stationary)
~~ . LHD experimental results (a)
~

EMEZBZR LILGEIC, BUEEREOTT ) v 7 &2 70 e
6.0 | . T T
[S 2 (b)
%50 NEO 1Ny
AR N
S. Toda et al., "Modelling of Heat Diffusivity for Ion S0l i !
Temperature Gradient Turbulence in Helical Plasmas", 14th ol nA X, i
International Workshop on H-mode, Physics and Transport ‘
Barriers, PO1-10, Oct. 2-4, 2013, Kyushu University, Fukuoka, o
Japan %4552 07 05 08 ) 10
2 () A RE L (b)
A A BGEBAR R DTy
) 53 At

—132—



25 FP-6

w7 T 7 AN A REET B OB R

FEREHR Al BRFPRZPEG TAIER REP

1. XL oI

EmErEics T, b= —fHllc@&BRI 7 —PAVLNnD Z EARFIE WD, BB 713
BLOL—F—DAMICIHA D2MLERH Y, @I T —MEHI T 5~ F 3L 20 b—3 —3F R G RE
(LIDT) 2B BT B RER S B, 7OV AED EFT DIc o T F UL ALIDTIE— A B 7 & R
T, TOBREOAN =X NI TP TELT, F—F bR ERBURNRD D, £z, FA =45
BHE, ELMEEIZLED, #0 KL OV AEBEFIZ S L SND Z ENahoTEY, TORE, 77 v 75N
BRENDZ ENTNETICHDN> TS, LiL, ZOYMIAAMEIERREOEED A =X KiF+451C

HfE STV, REFFETIE, EWT7 T v 7 ARRB SN SRMEIOMEIREIRE A I = X L&+
HZEEAME L, 4ETRKFETOMEBHRR ERZ I L=, JUNKFIC CRE O 2 Fhi L7z,

2. FERITIE

LHBRAZBNC, vATF VA L—F =BG ERE T L, SO~ LT ZALIDTZ 3l L 7=,
HARB9IZIE, Nd:YAGL—H— (B @ 1064 nm, /~/LAMES ns) O L—H—% T, SEHIERY KL L—
P—E 21TV, ZOREINS O L —F—REAFH L, ZOEEELZFML T, v F /UL ALIDTZ
P L7z, F P RKUR CTLIDTRHIZ S0 L 7212, EZ=EHh CTOLIDTEHIZ 0 L7z, K& CLr—¥—% K
L7zt &, JUNKRZOER A 4> B — L 0EE (FIB) T100 nmfEfE DALY Y H L, FisE - BEMEE (TEM)
R LW dles & E e Uiz, R OFmARES, MUl W Tl Z > o2 (b a2 Bl L,

3. EBRER

K 1@z, L——rOL 2B ORE
OEAE MBS (SEM) THZRT,
RIAIZY v TIABERE I TN D DD
WTE 5, ¥ 1), (1T TEM (& XL 2 Wik
BEERTH DL, L—P— UL A RERTIE
RENFEHTH o722, %I, £
DRI 0.5-1 pm E7e o7, Fimmir<
D 4-5 pm FTOfGEETA KL, BUHATC
WARTE L /NEL leodz, BROVISTINH
AL, EAMUELZbD LB BN,
L—H— UL 2 ZIEE L CRE EF A
0, REITISHBBEL, ZORER, #
O RE S ROEHRS LS L
B2 bbb, BN L, BRSO T
HIZAY vy TR ENT WD Z L8

1: (@) A SEM micrograph of sample (ii) after the

irradiation with laser pulses. (b) and (c) cross sectional views
of the TEM micrographs of the sample. (b) corresponds to
the central part the laser beam and (c) edge part of the laser

beam.

— 133 —



BINTERTHD, AV vy THITIR> T, im0V A Z3hs<7eh, AV v ZFHITROERIC E TF|
EL, RENO 45 um ORI ETTRXOERNBE LT LB LN -T2,

21%, KR EHZRETO OFHC-Cu lZxf9 5~/ F LA LIDT Th 5, BHEFTO~/LF /UL
A LIDT ZREAF LV EL 2D 2 B0 D, WA —17 8y MIBT A ITERBE 2D,
7V ZE DN - T LIDT (35BS LT, TEM #8182k 0, KK cidienik s
STWDHZ ENGh ol 2, —HBEBEZVIED D EWIENE LM LA A —VIZELZ LI
2%, BZERTIIENEZ BV, KKPTO LIDT TR TEVMEZ R L7-O T ARWn e B
bivd, ZZ T, LIDT &L 2% s oBEfRIE, EHEIBMICRILITE 5 L LT, ITER TOEMH,
T720H 108 109UV AZEITH LIDT #4ME L TR+ 5, X2 o7 —# b, KRR TIEE.76
0.32) N (0.08320.015)  FLZZ 1| X(3.73+0.97) N (00490025 L 45 55 7= o > /)L 3w b TOAMTEIL,
HWI—ELTEY, JEEFHLIMEE B LD, 2206, X109V 2D EEOTEIND
LIDT i% 1.35(+1.50, -0.75) J & 7257z, &1, ZOfE%fi~> T, ITER X° DEMO %Zki75 hAY
BELADO L —F—mEH 2 7 —DORF 2 FEM L TWL BERD 5,

‘j T IIIIIII| T IIIIIII| T IIIIIII| T ||||I11| T ||||I1T| T IIIIIII| T ||||I11|:
s a-@e  (3.7310.97) N(-0-04910.025) |
.._.‘.... ‘~_,‘__.-\-H
e e e ll.f 5
2t [ ] ewe. 1 - 4
i I 0--
o T
§
=
) 1L (376+032) A(-0.0830.015) & =
= i
Bl 4
T+ 4
il R 1 2: Multi-pulse LIDT for OFHC Cu
o O invacuum {no damage) | | . . . .-
. mirrors in the air and vacuum conditions.
o AR RTE MR IR TR 1T SRR S WA TTT| S E R TT S ST RE 1171 SR SR TH1T MMM RTNTT i

1@ 10" 10° 100 10 106° 10° 10
Number of pulses

RS GR, FRERF)

(1) Masaya Sato, Shin Kajita, Ryo Yasuhara, Noriyasu Ohno, Masayuki Tokitani, Naoki Yoshida, and Yuzuru
Tawara "Assessment of multi-pulse laser-induced damage threshold of metallic mirrors for Thomson
scattering system”, Optics Express, Vol. 21 (2013) pp.9333-9342.

(2) Shin Kajita, Ryo Yasuhara, Masaya Sato, Noriyasu Ohno, Masayuki Tokitani, and Naoaki Yoshida,
"Enhancement of multi-pulse laser induced damage threshold on Cu mirror under vacuum condition", Optics

Express, Vol. 21 (2013) pp. 17275-17284.

—134—



25 FP-7

5

B2 AT PO KRR CREFRAEIC AT B K D%

1

BIRY: KBFECLAERFIEE o 2 —  EZEREHR

1. 1ZLwic

BRGIE 77 X<kttt e LTH v 72T (D BNAEZH S TRY , Zeolanrb )Ty
DRFFRHEOREIANBHE L oo T D, FH DIT A KB /)33 TITAN o> b & THE - IR
XD WAHOKEBRMARBFENE LRI L2 L2 AL, ERERE N F 7 ABREEORR
ZENT RO MENMEZIRS LTV D, —F, FHETRE TR SAEORN K E < BB o b
COREGH Y, EBREEIIIRARS D, £z, BEF ¥ 72UV EBEOKIRN G, 38R T 2508
LEOTERESND, €I T, WATLIEA F U REIIC L DR OREBR ERD AR & & % Ak
[FAFFE A HEE L T D WSR-S 252 1T 2 E RIED 272 57" Re EOBAEBITHE BB IND Z &
2B, KMa& Re OERENIRZ B 2720 WEFEE X D E D Re IRIN3 W DK FE RN ARRERFrMEF K
OHIAERR \C 5 2 DB ATTEBY ., ZNETICRe IRINC L 0 HARE T TOHEKE (D) REFEN
WO EEAML TS, SFEIL &7 7 v 7 AT T AIREE T TO DR Z I~

2. FEh

REHZIZT T4 R~T U 7 LAERIOD 4. 6 B END Re & T WA, (LLF. W-5Re) 35X X Goodfellow
FERLOHE W R (WEEE 99. 95%) & H o, 24D OFEHIEIR T 20 MeV O W A 4> % 0.5 dpa (HBIEY
— WS TOfE) FTHRHF L, 20DL, 7797 A2 102 Dmis! O D 77 AX<|T 443~T743 K T
3X10® D m* L CHEEE L. D ORI oM aZonis (\RA) Totr Lz, £z, & 50 Lot
L7CBERE3 mm DT 4 AZ1Z 2.4 MeV D Cu A A %R T 2 dpa B L7720 b | IR 2 210 788
WEE (TEM) CTEIZ LT,

3. MRBIUEBEZR

WA A BRE L3 D IRES LI U & LEEORI Fnmnfiz . W-5Re D&% HlE LT
B 1SR T, RENADH 2 um OFFIRE CHRKBENSEAINDS LRI, ZOFEKFPCTDRENELL
EL 7o THEY, BEXMIZD BZHESNTWDZ ERNb0D, MVIZONTH, FEED D A3 ED
Nl FUEHLBEEERREAERDIES (B 1.4 un) ITBT5 D EBED T I A< IRBIEEKFEES
B 2 12T, ABHEEEAMEW A ITIZM W & W-5Re DR TR 27513 R 7203, 543 K BL DR EE
TIXBA S DM W-5Re T D JEEE A W IT KL e o TW D, TEMBIZRICB W TIE, K3 B 412
AT Loz, ELH0RHZOWT HEENL—T L RA ROBEA R S, 26O KM KFEFRNA
DA M LTEWEZ ER3oh 5, IRIRFIRIZISIT 240 W & W-5Re 1D D IREIZEN o722
DLW AT RS THREEBIIC B S i A FOBEIIRRELEEZEX bND, RED EFIC
PEN—F OB O D RS L AR E AR T T 2K E LT, —ANIZIE, (1D KREEOEE D E
VL (2) BRI LD D TR X =N E W (I RTE) . REDFERNE X bvd, Jeilk
DR DN, I AGEEEE TR FERRBIZH 1T 2 DIRE S W-Re DS BMEVMEZ /R L TWeD T, ZDiE
WAERIREBICERT 25O TRWI LA L TH D, WL W-Re 54 H OBRE KHEH 543K 1235
WCBEZICEIE T2 2 & 13720 O T, Re BN L 0 B RIED D ffifE= 2L X —ME T L7 & & X 5D
WHRTIED D2, FFHIOMBIFIZITES SR 5NN ETH D,

—135—



BB, KFEO—EIIRAY « v 7 AT T 07T A~ WEFETT & OLFRFZE (W A F o BB
BELONRA) 22 B NTHBIAWT 7o —FHWf9E (77 A~<igiE) L L TbFERINZ, #HEEZRT D,

T T T T T T T T T 101 ’\; ' ' 25 2. '
25 2 _ b High flux D plasma (76 eV @ 3x10” D/m“) - W and W-5%Re
D plasma (76 eV @ 3x10™ D/m’) - W-5Re S damaged with 20 MeV W ions to 0.5 dpa
damaged at 300 K to 0.5 dpa ~
—_ © OA
X —_ g 0 TR
= [--- damage profile]110° & o 'O°Ff A 1
z T 7 e
g —a—T = s & R
2 6T, =443K S 8 .
£ —a— T =543K 1S ©
e exp © o
2 —e T _=643K| {10'Q &
g exp g S
(&) —*—T =743 K k= e
D exp c
g A damaged W
c - ®-- damaged W-5%Re
L . 102 S 10" . L .
3 4 5 o 400 500 600 700 800
Depth (um) Exposure temperature, T_ (K)

M1 WAALTHRELIZOLD 7T XA~ |THREE L X2 #HEr—27 (EES 1.4mm) BT WVEXE

7= W-5Re 5B D D OTR S J5 143 Af (FEHEH) U W-Re 10> D JRED T T X~ U EEIR LK
BrOF U LEGSMm (4t . .

T 7T R~ WL

3 H|IRICBWT 2.4 MeV @ Cu £ A% 2 dpa T CTHRE L= W BB O TEM BH.
BRIV —T 1 A R A R

4 IRIZIHBNT 2.4 MeV @D Cu A > % 2 dpa £ THE L7~ W-5Re fE0EID TEM B,
eV —T18 ., A R A NE.

— 136 —



25 FP-8
QUEST #EIC R} 5 VUV HIEIC L DRI - R Y YA 2 VU v 7B D5

KRG BENTIERT « RIUAY I VRIFSERD - FR %

REE S - 25FP-8

PSR : QUEST 25812817 5 VUV MBI X BRLT - RSl U A 27 U v ZIZB 20098
WFZEHIR  H254-4 A 1 H—H264 3 A 31 A

FTNEEEA « X175

W& 44 (KX7F5H, Santanu Banerjee, KAELKAS, EHRE, £ B, HEHAL

Bo>%E - AFete (3 0H), hcte (10 )

EE‘J:
WA CiAEERE « QUEST ORIV A 7 U > 7« Rflizsdh 4 VUV 0 GHREIC TR 5. He &
X@)%47J/7_owfﬂﬁ%%é_&_;b,7727ﬁﬁ_%féﬂﬁ%5za

FEhi 5

QUEST & &2 7 i FE AR CCD MR HH AR 20em ELA ST B 228045 e as & 3 & L, 300-3000 AdIZAF7ET
DA FEANAR A BT 5. He T ANRTZORIA « N ORBENZBIAT 5. Fo, BEMSZ
THZEICEY, RTTT IR LR T T A~ L O EIT .

EBFER -

He W ANTZEREIT O 128, ETOMBMOKERE L EG L. HLEERES T60AICRET D
LT, EEEMIC Het A A0 A7 ML, BEERMANCHM H A7 MABBIIITE, ZoRICH
He OfRFE « BBFEA ALV AT MAPMLET D, BEMIGZHINLRNA T 77T X~ EL CBIEIL 72
REA R AT MK 1IZRT. He HANRT Z24T5 T\ 5O Tl E TIFBIHITE 720 He A3
7 FARENTWD (K RFETRT). QUEST OEH HE TR A A Of KEFEITIRFETIX C3+
THDHN, WEN 15508 LEEN T\ 5720 2 2 Tlidigam LRV, K 1LIDR LIz AT MV E % [ E
LT, UFIZHBRRDEREITT.

T T e T e e e
L #24979@4.0-5.0s g = § . g ) <
— N (32] d ™o o
s N N ) > ©
G40 5|/ gl 8 5| S5Z T
= S < ] 1) (28 6w o X
i) o - Q x = = S T o
> L e = = S = ==
g B 8 T - I} © © ~ O = 7
Q | < T ) o
g 3
220 ° & b
N— e
L e}
0

0 100 200 300 400 500 600 700 800 900 1000
Ch
1 He X7 EBMICHEEMRE L VOV A7 L (@ LIERE  T604A).

—137—



25775 R~T He /87 BATOARMM ORERIZAL 2 B
Uiz He R 7% AETE THECRIKMICIT-HBEZR1IE o
AT, A THe X7 2FI LT 5 LT T A~ DIREN 5L,
L0 RO BRI A A 2y MRRIE ST D (5

(a) Hel_584A

P I NI A N I A B TS

T

0
00 PR PRI PO ottt v e e
BLBEORECICIER) . Hel IZHA ST LR T 228, % OS3ET T T gGilosa
wx%@ﬁXA7 SHLTHRICHERORVIEAZ R L, £ OE e o
L —HERIRT B & 15 B REISTINICIEE LAy, S0%ek f§¥;k&§f®iﬂ"'€
ﬁ%ﬁ%@?ﬂé?ﬁﬁFﬁL};# He IZxf L T/hEWZ 3B E LT 0_12; L e 3
FF DD, B T OREE D —Fl & (@I 7T, 308k (e) OII_1075A
HEHe DB KB LB TIRED ERAEWT 5. 22CD  ggf [,
DRIEHE e He T A0 MK LR Licgi 04F | e OO0
ER21CRT. B, sy FOR LS, ds (2 He /9 AP
7 afFIE L GRRUCRY) OIRERIEHICIS T 5 I S O s e
oY REREHOMEL S (BRTORT) BEE TR OME t(s)
et He PR F =Tk L TR CIREEWNZ R 2 L B3 0hoTe. 2. AR Z AL & R
SFEY, ST RO (RE) 2BELTWDSOE He 5ET (He /X7 : B (t<7s) 7R (t<4s)

HY, [FAL He TR > T-IREER A TR TE RN EN 00D (BEIEN2WOTHRNME L
PARAN YR

20 T T T T T T T 5 T T T T 03 T T
_(a)clct (b) Oli/on (c) Hell/Hel
'»' g 40 1 r
wﬁ%& : 3
%y 02F =2’
3t ] &
10} ] . %, .

*
M 2 » b Q
0.1F M
5L 11k ] N
N H? pﬁnff " e He puff F| * Hepuff
w/o He pu . + w/o He puff * w/o He puff g
1 1

0 1 L I L 1 1 1 0 1 I 1 1 I I
0.15 0.25 0.35 0.45 0.550.1 02 03 04 05 06 %.1 02 03 04 05 06
Hel_584 Hel_584 Hel_584

X3 He N7 DFMEIKRS 5 R Al O A2 FVEREEL (B - Hel 58/ LL) .

[FIREIC AR OREE A Br OBISE LCRIT L 7o, FERE R 4107 T . He MEEHIT (Hel Ariik
2OT) HAUCIREORIM L L TRk T, Bz 0 LR (Ip ©

HIK) & HICHER LR LTOD D EAREEING. LinLa O LT
W, BFAALBELIE Bz OHKL MO LTOEET 8 [ atamas ]
PE S, He DRI L ZR - TV, BRBOBRICHE 3 OF IS
5T ECH 77 X~ DREN LR L, 77 A~vHNICEBSENE £ 2 o A:

WS, IS KD R T DR ESEA TSmO « o ta

b LAY (CITIECIL &V b &Y 75 A~ OREICEET e :
HP7R0C). BRRRIESE THRVTRM S H Y, B Ofmmtmmhnd
MRIZ IS - 72 71 D AR DS 5B & L C AR A 7 L Bz (kA)

TWb Al b & 5. B4 ApisRE D Bz (K17

— 138 —



25 FP-9

F T AT ARGHERIE BT DR~ U L & RIS R o AT & KSR RINE (R B8 2 8 O FRBE B #%
EAIPNE NS 72 S 2T E e BPNS /N

[ Bim])

D-T EREIFICBWCT 7 Xt e L TR SN XV 7 AT (WL T 7 A< IS, =1
LWX—D RYF 7L AU T LARLRMPRL I K B REEEZ 2%, ZERKBRAMAFHRT A b &7
BRMaSHEICEA SN D, DT80, KRAE O & A KIEOBNNE & OREZn 4 T, kHE
NIRRT 5, F72, 77 XA~ PICIEA L L TREC)DRA L, KEFNA L FRHIE—
BEIZHRET S 4, RIS W-CIRETEZERT 5 Z LN TSNS, 2D OMEIEZRIIZ & 0 8—RER DK FE[F
(AR R AL U, AT DIREL ) o 27 U o 288 % 1 JIF 4, BRI OB ERD 7250
(i IRETEH ORI R T /R BRI AR HE B~ OB MENEE Ch 5, £ I THI VT AT
BR(Fe™ A A RS U7z W ICHUKSHEA Ao 2 JRg L, B 7 B EETEMYBIER R L ORI BB (TDS)HlE
W& IR LT RIRIRAE & BEK B S A O T D & & Lie, Fo, RERSK W ICHEKFRH
% UT-BSOE/KRIREEEN & 2 bbis U, RBERS W O RIS L OVKFERINIRHE & W-C IRATEER &
OB ZBH SN THZ e LT,

(€79

AMFFEITIE 1173 K (IS TERV AT 5727 74 K~7 U T AAERIOZHs S W 2 Lo, #k% 3
mm?®x0.1 mm' (SN T U724, B AIE T SRS B R I & 75 RS2 O A BRI %012 C 6 MeV O Fe?*
ST U7, BREHAG R 3.0x10" dpa 705 1.0 dpa £ T L SE T, KRIBICTHRE 21T, D%, JUNK
0 TEM (8 % IV CRBHH O FRGHEIE 2 8122 LTo, S RICIRGHAIEZ 8 A L7 W IZ, $KFIC T
F v 7 A 1.0x10° D ' m*s’, 7T X 1.0x10° D m?, =FRALF—% 1.0keV D, & L TERIRIC THE/AEZ ML
EATo 7%, FHEEEE 30 K/ min, F-EMEEL R. T. — 1173 K (2 CHIEMBETDS)EBR 217\, BE/AEOHZEE)
ERE LT, £72, RBECHBFIITFLF—% 10keV £ L, 75 v 7 2 1.0x107 C'm™s", 7L 2(1.0—
50)<107 C'm? & LTI o7m, ZALDH OEBHI KT LEAKSE % Fe? BRIFEE! & RIS CHRST L, TDS EBrAa17-

77
L & U524 Stage 1 Stage2  Stage3 yﬁ%ﬁ%%

T, ARG RE TR L Wtk 2.0 - - M w
BEO DAY IAATRT, TREOHIIE o Y a1
Stage 1(400 K {:3T), Stage 2(600 K f-13/T)F5 J 1) Stage a L5¢ ’,0’ A : 33 & 10"'(111’:
3(700 K (D)0 3 SOBEEAT —Vmbish 5 ¢ j%',’
TV /=, Stage | OFEKFEHMHIEL, TR L Y Rmk P Lo Y Ve |
BEER — TR SRR
HTh2LIRB LT, £/, BEHEGLEALE 5
BREFCIEA LTVRVBREN BB L, Stage 10 = g
MRS U Fo8 . RS RN £ S 300 i‘;‘l’npemtuzg‘/’K 200
BEGIER SNIRinoTe, SO Link, ERHE
FTE AR S SEIRIC 31T B IR — 7 I RAR S I MR T Fe™ A L 7o W R

(BT D Dyt A~ b
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DI LV EINT 5723, 3.0x10 * dpa F TOMRIHEGRICISWTEFIT S 2 LAVRR S/, Stage2 (281
L BERF U EITREHEEE O - TN L, RS S s~ 7 F L7z, Zhdiv | 72
LB EOBNINC L 0 EARFHREY A RN L7 B2 b b, 1 DORFZELICADKRFEN L & K
DRFCXT DR R =T 5312 & h, BEHEE ROV 72 WEEHI W T, Kifad 7= DKFHE
I mE < 220 | REEEROZVGENE ol L CIRIE CEAREN R LIz B2 bh 5, —F, REHAEED
ZUVIBECIE, REEAZEBAAEL TR0, BERBEDHHR-BHHEI R Z 2T 2 2 &0, MU RIGE SR
T 5 7 EOBAR R BRI CEARFBHINRENGRAIZC 7 Lz BEx b5, 612, REEEEN
3.0x107 dpa LA EOREHZ I\ Tl Stage 3 TOEKFHHNR DI, EHEEORMASEASNIZ 2 LI L HH
T2 A S OIBERAVRIR ST, (X2 IS4 IREHE R £ © Fe™ HRET L 7% 1073 K THEdl L 7-3kto> TEM
Ba~d, MEBEEOZ VGBI TIIARA RO AL, BAHEGEOEINZENARA R4 6L
TWAHZERb5, £, ZHETORETEAFE L 3keV D, 12T 1.0x10° Dm?> D7 /bx ZE THRE L
TR P T :

j/
2 % dpa £ T Fel . JRE L= W @ TEM #1224

72 WAZIZZRA AR L ffife & 7 KSR 13700 K 35 Pea}( 1 Peak2 Peak3
Hﬁ?m&?é:kﬁb#ofﬁb\&@e3f@ﬁ;”530_ : : _
KB RIS EIINC LV R L7274 RiZ = ) | | | C fluence (C" m?)
i ST TR OB & % 2 S B §%§ v et

310, &7 A AT CRILE W rbol & 20] g:?. L ‘
KSR B AT, % A~ UL Peak 140K & 15[ 2,
. . . I 3
iT). Peak 2(520 K f-13T), Peak 3(600 K 1) 3 >D 5 1.0} ! i
E— 27 \Z50F HAL7-, Peak 1 35 LT Peak 2 1% Fe* 'QUE 0.5 g : :
OB RIBRIC ENE R E it —7 S ol 1

AR S T BATR O RS K OVRF-ZEALIC IR & 300 500 700 200
Temperature / K

NI HKFORH & IRE L=, Peak 3 {2\ T, C

MU W CIHR 7 L o 2 BREFIRFIZ 350 TR 30 dpa D

REEABEASITEIY . TEM BIETHHRA RO

TELHI LMD, Stage 3 LIAKRIZHRA RO OEAFKIEBZZ BND, Fiom 7 Vo ARG TlE Peak 3

& U THEARFMEDHINT D 2 &5, REFHEILEIC K D KEROEE . RA N A ZOHIRAE T2 £

LBEZLND, UL, ZOBHIRAE, Fe BUREL & Hfiz LT 100 K DLEEA 5 7RIRMANC &7 kL Tu

2o ZHUT W-C IRAEICIN T, REHEAR L FRICKPICHEET 2720 LB b, ZHUT LD K

POBEKRFZPTRNVF—HIIALERIREBE 2D ARRTEAEN R L2EEZ NS,

[1] H. Eleveld et al ., J. Nucl. Mater. 191 (1992) 433

[2] O.V. Ogorodnikova et al., J. Nucl. Mater. 415 (2010) 661

[3] Zhu Shungyun et al ., J. Nucl. Mater. 343 (2005) 330

3K TN U ATRBERBFLIZWNHD
D, it A~ F v
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LRk 25 R S TR AT RIS
[T X<t FiGe | s &

RFH AR ARZERT (AT

WFoE B

KR AIRGE 7 A~ FZER O BB T CTHEAER L CWABE, haA X L7 o X

~ DA A —EERISE e — FRE~NKREEZMET DI Z LI > TEENT

SHERIET 5 Z LITHRM A28 LI T 5,

AWFFETIZ, haA ZLT T X< DEFICK L, 0 AL E S BB MG A

% L. Sl SR OGRS 2 2 L2 EME T, bW T, ko

— FICHWO N2 G e BT OBEGREBIZIE - T2b DO~ HENT LI A HR L

T 5, T LT, VR T T X~ ORE 1R 2T 5 E5 52 BIEI1],

EREBBOER

MEIEEAT) LW OBEEN LIZULIZHW SN D, £ Tl Inagaki, et al 12 L > TR
ERBNERLSINDFRIOVITERN B E LV, FEEEME 2 RO T 512X, bl
BRI DTS DML E & BT, AT — L OSBERATREME S A E Tdh 5, Inagaki &
(2 K23 RIT, BLEHREN S 7 L O KIKA 2B 2 BT 2 Fic L > TRO 72 b D
TH Y RFTRBCEH ORN RIS RS TORAT 7 u— Y vy —Oln ai#Eim T 5729
O I & T2 D

RERIZEIC BT D A — RGO TREM LB L LTI LHERBRL O IT 6
%, TORBEIZHOWT, EIFEEZ OB M BHIE LIZ, £ 2 Tik,. BRI
w L RIRRARL, A Y AT —AEHORRIE (GAMs 2 51), I 7 nfg#Eié LTo
KU 7 M, ERIFEL TS, mIEEMERODELOB RN SN 21T > 72[3], ZFE
DEHHZOWT, (HEMRRREY & Sk 72 AfE : H-mode CTIE HE-IER) 7mm; (2) A
V2 — VAREN ORI (GAMs & & Ep) : L-mode THLH S 117- GAMs I3 K49 10cm;
Q)7 ufEEE LTO RY 7 M L-mode TIZFABE 1-2ecm; & WO R E2H7-, FIZ,
EJEW 2 7 iR

s SN Ref loca- ([LCO Diag- phase rela-
D (1&% {ﬁ) T}fzrl]% Device |(year) |tion freq. nos. mean Er |zonal flows |tioninLCO
I SN SR GE A~ |JFT-2M|[12] (91) |edge  |0.5kHz perhaps |not measured |CCW
A8 13 IS ASDEX-U[33] (94) |edge |~ 1.5kHz perhaps |not measured |CCW
T HBRPRE S SoL density -
e edge Vp: anti corre-
., TOLEEEIT |NsTX  |[231(10) | SoL  |~3kHz |GPI |? ? lation CCW?
- -~ |ASDEX-U[35] (11) |edge |~2.5kHz |[DBS |Y GAM
o
10em #2 1T J 5 ZF:energy  |anti-
N e X ni. EAST [36] (11) |edge |4 kHz |Probe balance correlation
. . ZF: radial CW and
D ehvA AR DIID  |[37](12) ledge |~2kHz |DBS Y wave number |variations
— ~ ZF: energy
[AEk72 L-H & FF DIIID [38] (13) |edge |~2.5 kHz|Probe | maybe balance Cw
D H I F - |HL-2A  |[39] (13) |[edge |2~3kHz |Probe|Y perhaps No |CCW and CW
HAHRE) LR JFT-2M  |[41](13) |edge |4.5kHz |HIBP |Y No CCw
BI5 257 AA L [Tdl |[43](10) [/a< 0.8~ 2kHz |DBS maybe CW
leading
~ %z Hﬁ DNEED CHS [42](98) |r/a~ 0.4|~ 0.5kHz|HIBP |bifurcation |not measured
S low leading ZF-turb.:
(E%E) bFE= CHS [49] (08) |r/a ~ 0.4|freq. HIBP |bifurcation |zonal flow anti-corr.

— 141 —




R %EF LTz [4], _ ;@g""'tf'gﬁm
% 301 S ondeEeH T
X 5|2, Inagaki 5. FFHIZEN9 2 ER > . ,/f ', turn-off
R Ly 7T R OREARLBTSBN 2 [eon ¥ Mfﬂ ]
CEBT HRREGAL, WEAR grad T € o9 1“’"*’W B

G g & O -7Y¥ 7 Heatpusse

A B A B B
-28 -3 -3.2
gm=-ygrad T VpTe (keV)

D XD B0 FEEMRER) 2RTO TR, EAT U U RAZROHERERL
7215 7T A~ERE,) A ERNCERERZSIHT 2, 1k, @ikatRss L-HER
DX )RR OGA612RE —BOBRICH DL EELLNTHKREZ, LT, LD
Db L, BEEERNED XS b O RRI TR, A EXKT, FHIE, Inagaki &
OFEMZED e ATV U AEGLRIREEIRTH 5, mf-o— R8T, —E%kE LT
DY TEHE OO HFETRRATZ LD TH S, WH DT BEIL TV D TR DG
Thole, LNLAD, Inagaki HOFERIL, Bk OIRE D BIZ @O IRITIZH O IA F
NELOTHLIEEZHRL, 29 LIEEROBMEMHE L TWDH[7], TEROIFENAE
M7 ZE kL T a2 R LT,

FLLRAOZER

Z @ Inagaki & D% RIL, IBEARSCEEARSED, 165 2 5TV =1 %A
Oz, Bk E F DH LW FEHN S HFE R L TN D,

HFRIUIZ Z OREICE Y flA, 7T X~ ONLFHZER] & CHLIEHERE O FRE 2 LR L=,
Z LT IDHEEEERT D) ICERTLHT, 77 X~ DM EHEIZE %
AL S5 rTRetE 2 505 L 72[8,9], TERDMNTIX, DM OEN (v 7 AT 57
HLHLOTI) BETLH L Fbon, (DB EERT L) ICERT5HT
WD 1=, AR R B35 0%, BN 235 do - 1= e TR R &2 FF o8, oA B
BOBAITEAIC VB R BN 28> TR & 50T, BEMZENHTES, Inagaki &
OB, A BB D~ v 7 2T VSN S OE T e tEbFIic Eitoe 27V
AAMW) ENDEERBLTEY ., Hil-2B)F#0 2 OV EEEZ LR LTV 5,
7T X< OELFEREOREIZ IV OO RE 23 BME SN TEBY . ZolEiE, K
X Rk BRI D A DA% DOZED T AR L TW5D,

5| FA XK

[1] P. H. Diamond, S.-I. Itoh, K. Itoh: Physical Kinetics of Turbulent Plasmas, (Cambridge
University Press, 2010) 570 pages

[2] S. Inagaki et. al., Phys. Rev. Lett. 107 (2011) 115001

[3] T. Kobayashi, et al.: Phys. Rev. Lett. 111, 035002 (2013)

[4] K. Itoh, et al.: Plasma and Fusion Research 8 (2913) 1102168 (review)
[5] S. Inagaki, et al.: Nucl. Fus. 53 (2013) 113006
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[8] Itoh, S.-I. and Itoh, K.: Sci. Rep. 2 (2012) 860
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HRBEBEETILERAW:Z TS XTI RO AENT

Statistical analysis of plasma turbulence by a few degrees of freedom models
EILUKRZF - AFRERFE BT R

HREM

TR HNTES] R E AR — LS e EDMEAE T DI T b &R T it
TRUZ MEELZ2 ENE SN D, 7T X~ D& kO ELIRIE~ B+ DIl ks
WL BLIRTPT OARLEE—RIIDETHLHEBEZONDTD | RPBDEDRZEET—F
EREHUIDBA BHEET A2 HWIZT R AT TH D, 72720, /MEBE HRETT VI
BOWTHE 2 OF—RNORF I RBIIIA R/ 5720 | Hati7e B OBAE N R 7] K Th
Do AMFFETIR, RO FEHE F1EZ HWER) 7 NEELR O/ NI E - EE7 /L (VZSC &
TV) OWFEA SRS Y ZhETOIRFENIE Tiin L TE/2HLR VZSC £ 7 /03T AR
Uy I AREEMD/INI A B EEET LV ORMEIMEE Oifam a1,

MRAx
RKIFFEDOHEEIZ 2 7> TIE, TN NDOHIET L —T7 DG  F A R B S 7= hE
BATONWT, EEIICHEE T v A E L CEmaiTHOZ L AR L TN,

WZEAR :

(W EREEZ AT B OFE (VZSC ET V)

VZSC &7 NVORERFNT — 5 & T, FREHE ED 8D 5 REIFER A~
7 hvEGEE AT M VOB [2]1E W CEEBIEE & FE 9 2 FERDiEm 21T
o7, RRINT — 2 ORFEFBIRRE 2 5= 7~ 5 IERE O E A b Tl L 72K
ZHWT, BREAT MUWZEENDEMIREI Z RO 71X 1 £), TOREE, (1) &
T— FORIBZ LS 5 2 & THEHEEEFHE N LR DILDHRFRIND/NT — 27
MLDOE =7 IZREPITHIS LTINS L5 2 & Q)R E o 12 J8 Wifig 3 KR 51
EEET D HDOMNENIREARY FLVOEBOBEREZIIHRER)ORE STk -
THETE D2 L, BHALMNI -T2, £, 1EAMMROEAX 1 AN TR RIFEES
ANRY FMUNLEEANRT MR —EIIIRE D Z L 2R LT,

Q)AFRIRE 2 & e VZSC 7 L DEE

BggME BV 7~ ORI ~O % 55\ agim L o A IR L2 5T VZSC &
TN~ 2 DB rEm LT, TOME, WELEZHWTHEEL LT NF A—2R")
(K LTI O I T2 LI N2 ey ino T,
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X1 (&)EHFER=1.869), (F)F A4 AFER=1.873)DHE DFE AT MLOFEE,
ELRR & HIAR DR RN AR 2 RS, AT T8 A/ NT — AT Lo —
KT 2 TH 5,

(3)F DA/ H T 7L OEAE AT

it MHD E7 A0 68N INTE S EROu—L Y ET LML, BLOT LY
= A F AD/NE B EE T VS| D EBEBIER R T — # 2 AW T, IR MR 88
BB RT A —H OGE ORI & kT,

SIASTHER: [1] A. A. Vasil’ev et al, Sov. J. Plasma Phys., 16(10), 1990. [2]H. Mori and M.
Okamura, Phys. Rev. E, 80, 051124 (2009). [3] D. Hamada, Master’s Thesis of
Interdisciplinary Graduate school of Engineering Science, Kyushu University, 2007. [4]T.
Aoyagi et al, J. Phys. Soc. J., 66(9), 2689 (1997). [5] T. Hada et al, Phys. Fluids B 2(11), 2581
(1990); A. C. —L. Chian et al, J. Geophys. Res., 11, A07S03 (2006).
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PdCu 1B s 2 W2 KRR 7] 7 v — 7 OB #R
AR « AR —

BEE S : 25FP-12
WFERRRE : PACu Bl 2 W KEE TR 70— 705

e8I c H25 44 A 1 H—H2643 4 31 H
PP RS A T F5Ht

WA%E A4 (EDAZ. WAEE. K778, SKSharma)

Booy#R - PgEte (4 5H), ikt (95H)

HEY :
HEPTOREGFEZY —IEEOEREZEF VLM T 505, KERTFE= Y — I FEHIC
AADETIRTICIEHETLL T v, £EHIIKkFEISTF L LTIFEET, BEfds0IdhETFE LTHE
LT3 EEZLNTWAS, RUTFETIIKZRIR F-HOEREBN 7 0 —7 2% L, WUEMT 25 &
HEDLTZETERBYHDVIIEREE BB T HKEOEETMEEOWN 2D IT, 07 —T AT A
ZHEEHIVE L QUEST WOBEONLEIZKE L, SmELZ BT 5 Z & T, BE~DO AFKFEROHITHID
T DL R R 2 D X,
QUEST ZEBRIEE COER 7T A~k &2 7277 A< BULICIHB T, RV AT A TKBRFREZBIHI L.,
EEHEZAWT, BEADOAF R HREERHCHET 222 HET, ZhUTkD 1) 77 X<=FERITB W
TIEMRBEAS 7 Lx o ZADFEN, 2) JHFTEENER & global WE=R & DRGRAZ H2NZT 5,

EhE 5

PdCu Z 3Btk (22um) (2L, EZEIZM A 5 5 & 5 I 2 EimsE 50%, JES 1 IV DAT L AEET
FETAFEFREH 70— (K &K 80mm, EAE 30mm) &2 BA¥E L=, H24 4RIC 2 D7 11— 7 % QUEST N Rl
B A NR—=H I E L, KBFRTERE=F—7 1 —7 (K FIR 1E15 H2/m’s) & L COMEREZ 100-400 B
DIREHPATR7-9 2 & MR L=, HBEE T 2070 — 72 52 2HEEL. E T A 38— —3#,
ACEBEERIZERE L. RN EICE W CORFTREROREEN ATREIC /2 D, Z OfE L gas balance (H A%
AEEPEREDNT o R) JETHRET HEEERIRD global WKL O ZIT O, AIRETHILIT, ¥ AN
— 2 EZEROMES O T CE M RIRE /R R S — U R kE L, KRS T ONCT-OZFEFIH 21T 5,

EBRAER RS LI, PR 21 0D 23 FEITT TQUE S TIZEAE 16mn ¢ D~ = — 7 (Ni, SUS, W, Pd
M) ZERE L, KFEZBOFEMEITo>TE, ZAUTEY, H1000v 3 vy MASHETE T m—7
WEELTEMET 22 &, A—7 7 A& TCOFZBRBEOHIERMESHD TEBRLTVWDLZ L, Fr—713k#E
JEAZ% L TRENENZ & R SHTOHEPICHT- > THEBENE TE D2 LR EEMR L, KiEsHE %2
AL T, NI oYMl EBURBORERFNS) 2R T 2570, Frn—7 L L TORERN R A B
ST Lz (B L : Takagi, JWM 2011 (S692-695),  Sharma, JNM2012(83-93),  Sharma, FED 2012 (77-86)
), H24 ARPEICITHT- 1T PdCu Wil A W2 7 e — 7 ZAERGRE L. 2 OMERE & FHRER 2 R IR 1) B &
WD EINTRE) Lz, 25 L 3 AT Y a— 7 #3%E L, RO % 2013 0 kU F 7 ARG O[E
PR THE LT,
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n
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WCHEE G ORIIRE L TWDHD T, WTH Nt :
bRAIIRAE BRI D A AU, 72 S DN i . : —§ Rl .
FAAERIL TS, A A Z[[|E © &
Br =0 1 | 5K I
a E = | %:
H A BB BT S BRI 2N oomsiae | g
O

ECRINENZ LW AKFET T A~ Z AL, /3
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BN, TR —REV AT AORL TR &
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BZEPER DR ERD 3WRRE R D T/NT i

JAM% Bs I D 40s IZE{LEE D & RN 10 g
DENP SR %, ZHUTHE, BUIZEIE R
X3 % 28 FEEMRIE IR CELI =

2.0;

%, M 3\IHEB Y & H A7 D LO; AN
WA A LIS P LA i L 72 b O T i — ras s ;
h%, ABELOBMENTESSHNS (0Bt | — o,
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J:‘%EA@jiit&j:E%TjF; Eiﬁ&lljj 43335% [=) EB)*AL%'T)E "‘ £ ! ; ‘\ i v H2 5 putf 242350 car L
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BEFLIRATH L, H AT EHA s 2 et Bims ) et

7y = i 2 Jk
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>> .

F—ERnGons, ZITHWZET IV
SRR pap = P exp(—1/31,) & F
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Bty - E2LVRBRICE T SBRARMEAE X VEDOREN
BFBLVESMA VOEERSITH S HilEBELE~

NRT e #2 Fe), S0 @A), WA J—, 5 08, 22/ Fagk, A &

1. B®

fREEU T L(Ce0,) 1T, BRAFIRELE U DB DL 7 (U0, &Rl — D A A A R L
THEY, FUSSCEMREE 22X OBrEL U0, IZITVWMEZ R T, 20728 | K IF B O BN 95
LEZ DIV, TIWVETITHR 2 72 IS BB T 20280 T o T e, £z, A MBIbmEIIv 7 A
X, BN PRGBS 2 A T2 ZENME SN TRY, A% 2B I AR T 2 R HFMERED
RS HALIRSC | SR Vb= 2D HITEE B & LIRS RE OGBS L THIE R S Tna,
AVETOMIENTIY, CeO, ~ETBLONEAA L ERKFNT5E, Ce /4 E0AF L DEEAITEKL T
O AA RGO, E7ITESERIZCEHUBRE N EZDZENMREINTND, LINLRR D,
B BLOEAS L ZEHEL TR LGS O ZE L IZ O W TE 7 5 R BEo T
AN

ARHFZETIL, CeO, A xtGel L Tl - BB TEM) A H W 28 7 FRAT 3 LM A i g4 H
WEEAA R AT o7, BRI BRICEAT L RFZITV, BEAT LRI T OIXCEHLIBEIC
HR 2K Ba73 WA Bk FOIXCE ARG ZF R T2 EAA IR RIET TR BIC OV TS

2T HZEmBINE LT, o, EAAVIRFZICE FIREZITV, miA4 VRIS 7O HULEE
(ZHSRTDRIEH, BRBAA B T ORIRZRIZCEH LR EEFHE T 28 T REICRIET TR
DOWTHIRAGAZEZ HIELT,

2. EBRAE

AMFFETHWZEEHT, LT A2 7 B OHE 99.99% 0 CeO, 6 Sl RNBAERLL 7= BERS A TH
%o BERERDHEALS 3 mm OHCIRFEI T HIRE  WFE - T 1 TNV LA R LT Ar A7
XV TEM IC X ABIE1 25 2 EE 2 /ERIL 7=,

- IR J2 R 088 6 7B T BAMMEE R 0 A ATE 1 JEOL) #E8L JEM-2100HC Z MW TH7W, & 7R
FTFICBWTIRE KB RR, lEL TOGETEE T 208 1 BIE2 LT, B RO A T B=<011>,
INEEEIL 200 kV &L, BRI BILOBIZIT 2 TRIRTITo7-, £, B FHAEEIL 1.7X107 ¢/m’s
L7,

A A BRI BRI RIS T e T D 2 5 B TRA A IR S N T T o 72, FRFHIEERIRC
ATV, RS 5x10" 3L T8 110" fons/m® L L7z, BT BAMMEBTBIZ L 7-#O K J7 1) B=<011>7>5,
BT 7~ g=<111>% VT g/3 gD P hikd D 52 vy WIARER i3 KOVl s R EF VA 01T

7T,

3. EBLUEE

CeO, FBHT R U TS IR 1.7x10% e/m’s 12T 200 keV FEFAMRIT L2055, ML Z (oo 2
DO | BIE AT T2, 200 keV B DOIRE T TiX O A4 DIUICEH LB E N B S, i KRS
R COIXUE H LR 1% 0.42 dpa LRFliSNTz, X 1(a)l 28+ RES BAADD 420 s %O BB S5 %
R, ZOEEXD O AF L DIFCEHUAAEEIL 0.1 dpa TH 5, BEHFRIORIBICHE N, FRE RIREAS
RO - R DR ST, ZOMH RIBIL, ZNETOREDNOIEFE A AL DIHIZIVIERINLD
{111} \IC S EEm 2 FFDHRAL L — T THDHEEZE Z LD, IR TIZBW T, ZNHOEA/V— 71T
AEhEE R L, BEIRC AR, R TOWERARE NBIESHZ, RIC, 2.4 MeV Cu” A4 % CeO, #EHT
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S CEE THRNAZTT 72, X 1(b) X 1X10"™ jons/m® TR LIZBI RSN liEM L — 7
DOAREHE THD, ZOLED OAA L BINCe AL DIFUEH UL EIL 0.1 dpa THDH, ZHETO
WFE D, ZOERNLV— I E AL R & PR D 52 REANL LV — 7 L& 2 D, B REHNC IV S5
44/1/—7& PRN BRI DE D ThD, Fo, BRIV RSN iR — 7 L ik T 5L KREX

ITFAE RSN DIV DITH L, BT Cu A A BRI EDHEN L — 7 DIFH N @< > TOBT
}:75%75%

Cu A A MREH I R s 8 A S 3BH T U CHRES SR 1.7x10% e/m’s T 200 keV D& T
§EAToTz, K 2 1 3AF VR ITAT o7 7 BRI O REFRGEIZ D K IREE A RO, iREZ R~ T
REHE Ch D, IBINDOET-FEIC IO 7272 K IBE SRR RS IV, ZAIUH TS RERIC > ThliE
BLOBETAZBnBIESNT-, — 5, ATV BEHCKOE RS L — 71, BRI AT
THRE - BEZ LTz, Cu™' A4 BEHCE 7RI % 21T T2 B Gt B F RN O 21T 572
FBHZ L L T B DR L — T DI SN A Z b oTe, ZOZ R, AL VIR IEAX
TN A 72N R E S R E 1 H S T CORN A — T OB R EEL QDA R
TD,

M1 (a)fETFRE, (b)FEA A BRI LR SN gR0T
JL—7" DB B

|

2 2.4 MeV Cu*" A A HBEFFEN~ 200 keV & 1-
RIS AT ol e DR IBE RO R R T
BREF %, RFRILE T RIIERE2R T, ETHK

BREEIT 1.7X10% e/m’s.
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LU R B~ DKEHHR I BT 2 5

JUNNRZFERE G A B LA ERe Rl —pk

[(B#])

BREARO/NSIKEIL, THES Y =2 T REFAX— L L CEH SN TEY , KEORE - 7 - #kic B
H B HEAE 72D mAEEEREIBESE K O & 2N B 1T B K FE B OB KD ST\ 5, Yra=7 A
NT VT LMENTKEWIRAREE AT A DITK LT ABRH VT AT HIEE A ERFEZWIR L2 Z & 23
HITCND, LNLHGEELDOMICICL Y, KET T XAy 2 ) o TEFIALTINLDOERN LIRSS
ML, EVKEREEEA AT D ZE RSN E o TWD, SRR L O 2 E TOFERFZRIC L Y |
SOCRREDHMIREIC CEKET T A~ A X Y U ZIZ X VIR SN X 7 AT R, £ nm ORcERSRL
DO SN OZEREAT D2 L3000 e SN2 KFE DL TS RRIO R RSCZERIC e ST b
EHEE SN D, L L7Rhs 6 HEREIRF O FAROR I K A /KB S oEE O LIZ DWW T B2 L Ze 5 Tueuy,
HEFESR: &K BIEEOBRZ LV FE LS AE T D720, MEERE, BEEA 7 7 XA~ 2R LI/ MDAy 2 1)
Y IEEEERL, KT TV ARR T T A X D8 BIEOERIZ LA LT, AREE T, AN 2 DKFHE
JTNIWEEZDZ LT, JRVFHOKET 7 v 7 A TOERNA[ETH D, FI/NUITHDLT=H, VAR b
— A —EEC K o> TR 00 CIRRE E TOMENRIRETH D, AFEIL S T AT &2k e L, L0 BRI
PAA AT T, KRBT T v 7 A ROHERRIRE L KB R L ORBREH ONCTHZ L2 AN E T 5,

[EE&AHE]

Fig.1 |27 T R~ A%y X MEEVEREEE ORISR 2757, AR 10mm, & X 400mm OASEENIZHE Smm, £ X
10mm, JEE Imm OAHREMNARE L, AEPROE ) HEAE 3mm, &S 30mmDF 7 AT (=72
) A LT, AENEr— U —R 7 THEICHRE, ELXaTd7—r—7 %8 L Ok ERELK
BROT NI AEENEN~Y AT —ay ha—7 —CiitEiili#l LEA Uiz, fiEIC L VTR OKERE K
WIENCTE LTk, AFE ROV 7Y U T R—= SN EHAZRRLC, A7 n~ 77 7(GC8A :
SHIMAZU Co)lZ L 0 KERE ZHIE Lz, =A /WZ 13.56MHz OB L 77 A~& 8k Lz, 77
R % K%, EIREREEIC L > T —F y MEBHRICADOELEZAN Lz, ZOBEAIMIE > T, Ay ¥
U > T O R X > T2, ABERE OFERREEANEIC) Rt =2 —H oW EZ B LT o2 —T k& RiTE
TREEIZHRET L7220 B2 TR S W7o, —EMIRIE Zfkle L 72, FRA T H UERE(E ~ A 7 = KFEZ T
HIE LTz, REPICE EN LR T, TUNRFH RS #—D EDXIC L Vo Lc, ASdRe & Hice
RIS ZMEE L, & Ok 4 SEM 814295 Z & CRELZRHE L7z, ~A7a—ar ha—J—OjiaEli, KK
Gt E HWTRIE Lz, ET AL, 77 X~ FitlcsE U7z FahUTE /5t (Baratron 626B, MKS Ltd.) (2T
BE LT, WiAkESTF R~ TS5

~KUOKFE « THAARET T A=Ipb OIS ([ h MASA . ®

ME A2 7T XA~k RAE=HF —
(PlasCalc-2000 : Mikropack)(Z & > CHIE L 7=, Vacuum pump [ Ar HMASA
Flo, MKFET T A~ JKOWIT VT 7T R~ AN

Pirani
FOA AR AT AT B — TP L O B sgauge  External heater Mass flow
Uiz, MKRT T A ROMT VT 7T X~ J/ manometer F Substrate - nduction coil
ICOWTDKBA TV BER T VI A A |:| Quartz tube /
B L 2B ORSRE DBIG, AH - |
TN AR T T R FICOREA A HER E i ) ) ) s
O NI A F UEEE R 57, 22 TK Target materia VYV sampling
FA X TH, | TIT A F U A DR [ Matching box | Gas
ThdHERE LTz, 4 —7 >y MIAST HKHE be power |— chromatograph
AFT Ty 7 AL, H =Ty MORIATE I_Iﬁm1 RFpower ] 13.56
Wi L 7T R~ DOKBEA AL ET NI A F = | multimeter L] supply MHz
VDS RDT,

b AT BRI S kR R T L= Figl 77 A~ A8 5 PR X
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AR TOFEMBEEZ LV RD T, SRR E K T
FIRMMBIEENICERE L Ar KK TEIRND 800CE T
100°CT DEEPERNIC AR LTz, AR & S KRFRH AN A e
KRB ETHEERRT -, Z v T AT NS STk
FiFHTA7a~ 7T 7 & HWCTHE Lz,

[(ERRUBE]

IKEIRE 20%., 50%., 80%DJiEE A A % VT Ll AR
(34°C, 38°C, 45C) TIEflENI=& v 7 AT VHEREEMN D
DIKFE RS S A NENR T eh 3 KR RE & & LT g2l
R~ 700°C TIHKRFMHIRHRFALL T TH Y . 6000CE T
WIEE A EDKREDHSND Z Lo Tz, AKEFHIE R
X, BN AP OKBEREEE T EE L TEIM L TV A SO T
TRNT L D3NS Fig3 IZIKFRIREE 80% D HFE AT A % VT
FENRIREE 45°C, 300°C. 500°C TO/KSE s B2 IR B 12
% B KFEFER R & LT Fig3 \oRd, KM EIL, HEmmy
DOEBIRENERNI ERE W ERbD, T, KR
TOHMUNE & HERE L OFEBINENCIE, [7] CIRE T /KB
PTENFRIRD Z LD, BlAIX, FARIRE 300°C T d
% L& 45°CTHERS L D% 300°CITINEN L 723554 0.047 H/W D
IREDFRET DM, 300°C CHERE S B 725/ O KB RIT,
0.017H/W £ 13 TH D, ZiuL, HERERFOFERRIEEE D E
FE, MKT DX T AT VRTORMILEOMEE S v, HE
FEE O AR RAREE B SN D Z LI L g ok b
T THEEPNERDT DI EB 2 BD, Figd [CHERERERE
T ETDKRET T I AR T AT T T AD
Tt 2 KRFER A R T, KET T v 7 RF, #—5
v MIAST2KEAF L 7T v 7 AL EHREDHRED
KEKFETZ T v 7 AN, BT AT T75 v 7 A,
HEREHEE ) B3RO 7o, FEHGREE 307-429K T, 23Rtz
BWT, 7T v 7 RO E > THERESHIIN L T %,
573K TlX, 77 v 7 AL 2.8 5 10 TITFHEEOINN A &
NEM, FNLLEDT T v 7 ZLETIE 001 TIRE -ETH D,
773K Tl, 2EBREHIZBO TR 0.003 TIRE—ET
bbH, THORERND, HEREFE TOREBORE K E L T
TR ENIRE D . KBIF T AT T T 7 AP/ NEN
EEIFME L D /NSRRI EICR D L E XD, ENRREN
160°CHEE L VAR EAIT W TIE, ARFEBRS IR TAFn
ERFEONTELT, ZOERITIIS HITKF/IZ T AT
7T I ADOEWRETOEBRNPMLETH D,

(#&m]

BT AT CHEREIRER COK B B OfFEIL, 573K T
0.01 H/W. 773K T 0.003K T %,

[ )
[1]

Fig2

—®—H 80%/Ar 45°C
—® H 50%/Ar 38°C 7
—A— H,20%/Ar 34°C

® [} u
. J
L ® il
o >
L L L L L ‘\m
0 100 200 300 400 500 600
Temperature['C]
HEREMS DINBNR L\t 5 % v T AT

HEREfE T OKRFIRR B ORI AN

0.14 S .
t —m—H,_80%/Ar45°C | |
—  m 2 .
0.12 ~ @ H,80%/Ar300°C | 1
0.10L —A—H_80%/Ar 500°C | |
0.08 - m ]
2 ,
T 0.06 - .
. ]
0.04 - \ .
0.02 ° o = .
[ ] ’\ |
0.00 A me
0 100 200 300 400 500 600
Temperature['C]
Fig.3 HERStR O SBUNBNRFE 5 52 v 7 AT

HERGE T O KRFFR R B (HERER AR R )

0

10

O 307-429K]
A 573K :
m 773K HW>01 |
O
O 4
O S O :
© © H/W=0.011
OO . A i B 1
| U ?
»  H/W=0.003]
Al*‘-f.f—fiiiii :
| |
1 10 100 1000
H flux / W flux [-]

Fig4
V7

IKSRARIE R & A DK S T AT T
A DR

K. Katayama, Y. Ohnishi , T. Honda, et al, “Hydrogen incorporation into metal deposits forming from tungsten or

stainless steel by sputtering under mixed hydrogen and argon plasma at elevated temperature”, J. Nucl. Mater., 438

(2013) 1010-1013.
(2]

R AR, AR S CKRFET T A ANy XY T XV RSN Z o 7 AT HERE

(2RI DARFREBEE”, AAFF T2 2013 FFFRO R, TR 2549 H 3 A-5 A, JUF ¥R
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SBEMBIONERR L OCBERLERFEICE X DBV —( T RN DR

BRRFRFEREGELANAR BEAOLE

1. IC®IZ

A T RS S B O R E R OBRIL, BE 7 7 A~ MO R 69, 77 XA~7n
T ARE RN, BETFORHICBWTHHRERRE TH L. HAILINETI A VB SNEERE
MBI OLCIREE 2 FFE CZWT 52 FIEORELZ A E LT, BN T TO®E I 7 — MO FRE L
EIRTEIZ. ZOREE, EEEOLRFEICENT, ~V VAL FVBE LIEEY 77 o (Mo)DE H
FRR IS K ORI SRITBRU VRS S T ALARIENEDSFR D BTz [1]. RFEFEILE D A F1 = X LRI O 7= DI F5 L
DRI % 3 FEAEO RS SBUR 2 O CTRGHIRLRR O 7 R R FF R O AR 2~ T

2. EBFE

ABHIM = 7 28 o> HLiE G Mo #06F (il | LI BRRL -2
FOL A B ER R B L i) AT
SEM-EBSD 2 & 0 &S50 2 5l L 7= 1212, B HE A
zhZr (001), (101), (111) M & —FT 5 X 51Tk
ZY) 0 H LU CEBRICHWZ. =R T 3keV-Het 1 4 B4t
ATV, BREHE O R EHGRE SEM, REHE FONEEE
#AfkZ FIB-TEM IC K VB L7, &6, £k
THRR%OARNBEREREZ G T 7

3. BRBIUELE

WEARFE O O RAE o5 R,  (001), (101), (111)
EREIREIC D S HAESRE O 3 keV-Het A A 514
DI L, (110), Q1D)FEHZIBNT, (100)FEFE b |
L CRERFARSEDBES LTV Zhbo
ARBHZFBWT SEM (1C L2 REMMBIE 21T o728 25,
100)FREHZ B W COAEH OFIBEEHIZRINT S &b b
7 L—F —IROEL - B RRERENBE SN
= (K 1. —J, 110, MDRAETIE, ~127aR7
— N OFREMMTIBILE ST, 10nm DL T OB 2R —L
DR D e S iz, (100)FEHZ W TIE, 2 im o H1#fE
LY, RETICHRED D0 iE b e RKiE S BT 5 0
kL, (110), (MIDFECIIEREE FICEHEBEZEDO~Y ¥
DT AT X HHBEGHARERD —RICTER L TR Y, st

KIEEOERTEbT-b LIz Ex bk, | ST SkeV-He'% 1022 He/m?
Z D XD WS IR ST NARAE RS, BRSO R [ 1 7= BAE 5 Mo 30k 25 i 4L
BIBEERR O bR S e, K 2120%, FHAERRENT 3 @ (SEM 18).

keV-He*( # > % 1x1022 He/m2 MR&F L 7- 1% O F-15 T EfE %
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A7 MV RT. (100)FEHZBWTIE, 900 K UL OIR FEIEk I Fhig i/ S 22 i & — 27 O B 3Bl O
WXL, (110)°(IDEECIERNRERIC R & 22 v — 27 3 HEL L, FRIZ(110)3UEHI 35V Tit 1400K
X D EIRIRE TR A~ Y T A E— 7 PR SN2 ZoRER, (110)50EHE, (100) & ik LT 3
BREERE VA 7 AR EE R L2, L3> TAL0EHTIE, ~U 7 A0 A - & L CTHERE
THLEOBENPER L TND LB HILD.

SERE ROV T AMRERRFE OFEE 7B OO WIS 72512, (100), 1 X 01105k FIB
TA47VY, TEM (Z X 2 KT O W i@l g 2 940 L7z, X 3 12”3 TEM 4225, imialkEHe
BOTAY T AT URREE T 10nm ORI ETEBEICER L TNDLZ AR TE 5. L
FEHERPE CHWIZHOE Y 77 A% T R AR 10nm R & RS Hihvd 2 Ennh, KREEIC
IO OREMBPRESEREL D EEZOND. £, WMHIBWCIHIfFF SN IZE TR
WS, HBERERRICEO AR S, Q10REHZB W T, KO REBATLOBEENFEL 2> T05D.
IR TFICBIT 2D U ARTIVOBENEILEOERO-4 FIZHIT H7-D[2], 29 LIz K& 72370
FIEBBEEBROEIRE T ~) v a2 b6 Lize B2 bn5b. —J7, 100k T, R
FFEED K & 72 5 TV OB AR S iz, ZONRT VB OBEHIIA~Y 7 LD G 7l ii g
ELTHERET D720, HIEZ AU D2 & THREFOANY U ABIHZE L, MEROITENAY T AR
BEERLT-EEZ LN

—100 a) (100) b) (110)

Y
T

N
T

Desorption rate (x‘IO18 He/mzs)

o

400 600 800 1000 1200 1400
Temperature (K)

2 3keV-Het MR 5§t L 7= & LS A 3 3keV-HetMRH L 7= Hifk sl Mo sk Wy i i
Mo B2 6 D~ 7 KFIR iz (TEM ).

B2 ~7 v,

(1] EASEE Rk 24 A UM KPS 77 AR F0 T He (R 20 pl i o5 =5
[2] E.E. Gruber, J. Appl. Phys. 38 (1967) 243

®  HFFEkERk
MEREE © EAEE (BIRKFEREGG® G B oA e R EZ0R)
FTNHEEE A« SO SERE OUINR SIS ) A ST e =)
W - AR, SREBETT (BARKRZEGG A B LA 7R LR
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W A 38— ZREE R O MRl FEHE D RE I L ORAE

Standardization and Verification of Lifetime Evaluation Method of W-Divertor Structural Component

wEOSCzt BPEREKG, ARE—E RS BENE KANEIE ARRE!
VSR X B TSR, 2 AR T L X — R SR

ERELHM  ITER DX A RN—FHHla=y N LT, ¥ 7 RA7 (W) 77 X<ttt (PFM) %
£/ 7vv7 (MB) BERKE L THHAESHHE ITHAAI, MEKIZCTHAT X E#@HT 5 2

EmRtEnTWa, —J, FABEAAEL LT, W-MB OBHEl2=y D7 T X~ RE T et
éé®m¢@%%%%r WCRTENA T D & DIRENTRENTWDMN, ZDORFIZHOWN T OZEMIZ2 R
I TWewy (M1), £lo, XANR—ZOREREIHEOT-OIZIE, XA —2HEla=y sl
RRIZB T D AE DA IRE (BEAMOEN) CHEIEFIZ W-MB [ZRAET 5 S WORMEOREDE
B S OFMEEN B AR R TH S, BElz=y FOEMFHmICE L Cid, FAFEO X A =212k
WTCH ITER & [FBEZRTIEN E BND EE 2 HDH A, ITER (B W T b BLERF O R 7 10T HR 1 DAL
HaRe 2 D DR GG, T72b b AMEFTEEITE D b TVRu,

AW TIE, W-MB= = h ORLERFIZIT 5 588 FUECHIR T E A 52 1T 72 W-MB O A RF I 2
TED D 170 OWESPEFI EE L T 5720, W-MBRUEIZEE T 2 IFHIER L OWEERBR 21T\, %
AUTFEDS WM RE OB 21T 5, 24 b 232, ITERB X OFAYFRHER 2 A R—F 2=
~ ~OREAEYERHMIE OB FTREYEIZ OWTHRET L, BREIF XA N—Z ORFB LOHBICHFET 5
ZEtEHBET S,

HREEBRE . AAMRAER (20MW/m2 T 1000 %1 7 V) #&T#% O ITER HW £/ 7 v v 7 iHEIEER
(W=E/ 71 v7 (30 mmx30 mmx12 mm) % 7 12 A2 =7 A8 (CuCrZr) B OB HEIE (15 mmex1.5
mmt) [ZHEBREFHTES LZbD) Z AT L, HEORNEET S L L bic, SZEARKEZE D, i
TR 2R K OVl S JE 2 i L 7=, FHFRBIZ1E 0.25 nm ORI TR 7 HFE L7-1%., &k (K3[Fe(CN)6] : 2
g, NaOH:2 g, H20:20ml) # HHW\WC= v F U 7 &1T-o72 b D& EEMNE TS (SEM) (220 FEhi L
7=o FTo. BERTCHE D ML SIS 2 5 BETRL7-0, v 7 a ey h— A6l SR B2 H
WO S 2 JE LT,

1) WE/ 7oy 7 BHIERK

WE/ 7y 72 2/ETHY ., MEEKENDHEVE £ TOHEEENZN
ZN 3B LV 6mm “C‘Ei?)éo EIE:S (A: X 1) IZEaIEC TR L. Fil
REEIZBFTH- 722, W %F” Wbz, —h, %hE (B:X2) T
W REDEML TR, W f” IR I N o Tz,

2) BVAafTiC X SRR
A7y 7|l CTHEISNZEZT. RRICH->TEBY ., Biidh WIZEA

Pkt

DRI ;5&%z%ﬂéoﬁﬁﬁﬁ%%7ﬁ®%ﬂ®ﬁ& IRV, '
RELFEREICHA L, BUGESE CBRIC, REEHIZTSRVIENDR gy e, I0vs A

B ST AE S %5”73)1%1,719:?%@%%5 B7uvyrzizknwe, sl

ﬁ>%§§zbf£ﬁ:of_ M. DAICBWTIREmEGAEOERENE L, IRE aE 1

AFLN B, h&holeZ bl 2) B THEREMERML TR, mH
KB IZ W TRENC b\'C'?I%EF‘jj#:%ﬁéthb)ot_<‘:Z’)>J$I<‘: L
ThiFonsd, BE/7uy 7ol (GHEORFHAICEE) |

B o S LB IR, ISR, BT, S R
D 3BITHE S, TRER, FEREAIT. £ 300, 20, 3pm THY | fif - e
%, 375, 389, 465 MPa Th o7z, AT/ 7 1y ZITBWTIL, bk st L
BERKTHI 20um Th ) W RHIEEOICTH = L 2R L TL % o ]

Do MENANC i b I WERIEE S 1.6 mm DO E5y £ TSR A 300

pm, PREBEIEES 2.0 mm TR 20 nm, W%/Aiﬂi’ I&U\J‘B VRIS 3 ug‘;,..{}‘g&d
num Tholo, 7272 L, K3 OINENETE DR 7 L—13, MR 2 Bk L X2:W-E/JOvs (B)
TEBY ., % EHOWDEIIZLY ., *ﬁﬁ*ﬁ@ﬁﬁiﬁﬁwﬂﬁﬁ‘éo
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UMK SRR L B &

DESTFIZI T 2 MR O S IR AR D SR EERFIERTE (200 4) )

A AR DM FEiH e Uizt o % —
1 B IRE LSBT B A SRR
b FlE

1. &5

A AR - I JE PR T A C ik, mnd AP D MR U TR = U o 7 & i s |
Tcte B SUS316 8l (PNC316 ) A PH%s L =R [H ) S CEMBREIE L LT
FEMTHLLEBIT, @ETHEFICRDBEETBZFE L TWD, ZORE, MBS &R
BHE VRSB W THF ISR 2 AT Y v 7 B OB/ FENTRD LTV 5, HEHE
FHX, MERERBRT 206 02 RS Y IR L THRET LTl 0 | BB BRGTIXSERA R
B ORGP 2T TV D, R & BEAHEE Tl L7254, W OEWITHL M E
NTELT, FEBREIE L OREHRNER E L THESNLD, BEMARZERLE LT, R
JEREL LR FE A B K OWNIERINC X 2 IS 1 O A8 S OB BREOEENRMERNE 2 5
N5,

ARWFFETIL, MEHRG EREE VIRFHC BT 2 A= Y v 7B O FHE & K & B 5 M2
THIELEAMET D, ZOEAMREEDROEMZFAMMT 25 1 Bt E LT, F.OH
MEHZ B W TSGR MRE I 5 2 2 BE2 AT L2 B ET 5,

Fio, HWHETIZ, PNC316 SiE A UA—AT A MATHVMATY » ZREICER T
i N1 SHOFEBRFE AT > TR Y | A TH LN R A E 2 % EZ B L T\ 5,
& Ni ALk C & 2 E T 0¥ (LFIZ L VA= U > ZRER R D B L7z E Ni
2 ANT, IR EMINT 5 2 &2 L0 FICHREHAS 2 I0E S 7= AR &2 170, iR
T RHEIC AT T E NiESoHT B4 O 5285 il 217 9 .

2. FEBRIGIE

FUM RIS IR IEFTR B D # T DRI A VI e — AT A v ki, fEHEIC
£ D /NG [ REAERESE A R E SN TV D BRI RBIERE AT — 2 3 2 VT, 2.4-3.2 MeV Ni
A A ORE 21T o7, BERMAIT=EIEND 600°C, A frEIIA K 100N & L=, HE%
(IR ARABL R 2 1TV S 1728 B 2 2 BRAT R BB B R O BEG ZE SOtk 7B % Ji ) S far D 3k} &
bl Uz, 34— 271 MilTH 2D JPCA2 (BESiA) % H e,

F7-. @ Nigl (15Cr-43Ni, v/y 7 99t HA) Zfalkr & LT, Z o7 28 F s
A& AW 2.4MeV Cu A 4 v O 21T~ 7=, BRESMET 700. 800°C, 200dpa & L T,
A AN ) B TR CORAIFR R 0 & Uz, @O thlghf & LT, Self A 4T
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&5 NiA A% BBEHREE 500,600, 700°C ., R4 & 100dpa CTRRST L 7= & Ni 8 (15Cr-35Ni,
REACDHT R BURF B BIEEEEE LT, BB OERICH T2 - TiX, LM RFIEH )
ERFZEFTER B DI A A o B — LN TEIEEE % -,

3. MR

Jis TR LR R ONE ) B ok oD i 2 DGR ELREE 2 HEie L 7= R 2 -1 1R, -1 ok
BT AR AR L, FEHCIT 25N TIS &2 AT L7 £ £ MEHEE 400°C. Mt
 bdpa F THRE L7k 2R3, 5172 LORRETIL, BB — 7 OITHIZ O B+ R
TRIDENIN—T DR SN DD, BEHIZ 25N O & AT 5 EEshiL— T8N D
IRVEIRIC BN T b @B E OB B S, I AR ORENATHICE TREZ &N
RSz,

i | g) &
500

[}
X1 PRSFRHET i o SHORI R

IS IEARNTE T S E Nifl (15Cr-43Ni, v/ y "5#THIEL) @ 700°C, 200dpa (23315 %
WAL B RO R EZM-2 [ZRT, SEROCERHEORAETIZTEN Ty Ty”
(Nis(Ti,Al)/NisNb) HTH#ITLEITAFE L T\, Atk IR TAWERBIICER T 2 A5
2TV, BEEREA KT 5 2 L2k o T, AT U o VR RIE @ Nt it o
WS AT 5 TETHSH.

v 1543G,700°C, 200dpa ™
ASi%E ‘
Pk

X 2 HREF L 7= Ni gEUHET i O GmiaRE 2245 = (700°C, 200dpa)
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F7o, I EARHCEBIT A8 Ni 8 (15Cr-35Ni, 15Cr-43Ni) @ 500~600°C. 100dpa
BT DAY U IEBORRZK-31R"T, mNI#ORATY 7 e —7REIE, 600°C
IETH Y, WA OB RN D RA RBRINTWAHZ L 2B LT, 5%,
BTt o AR OFE A2 395 & & bic, WM LEZ M TEZRLMAT Y 7Rk
AU L7z Ni b oG8 % 3+ 5,

15

T I 1
Aok [ @i rr=uv s |
10 e\ —@— 15Cr-35Ni 68

7 —A— PNC3168

N\
5 /
(100dpa ,/ N

0 A \ (250dpa;

500 550 600 650 700 750 800
&R [°C]

FEE (%]
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WALE - TRRZ D ENTE D08, 2Woe il RISk SNICEBIZZDOEETIEIT 7 A~D
i - JBIRZR L TWiewy, I~ 7 7T AT AR THLH DT, Z0Z & %FIH
MR, R SN Z 3IRICZERM DT T X~ OALE - JPRICEBR S D5 FHPWRETH 5, Fox
I%. G. Hommen, et al. DHIEICEDE, ZO XD RIFIENBIED HHD T2 DIZFIH ATRgn &£
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ERK LHAOFEMICOVWTZ ZICRTIEREA R Y 2V O TEAZITH T, HRLT5
7T A HEOKM PR RERIIN LI RTH@Y Thd, ZOHFEOERIL, IATNLT TR
~ & LI REORIEN 77 X~ R OHERR & 72 502 OPMBEL B RN AL VA 725 &
WOHERTHD, H1LIZBWT, B A TOME C (u,,ve,W.) %5 %2 7T, Plotbigitizer THH
72145 E (Projected Edge Point) JEKE (u,, vy, w,) # AJILTC, 77 A~ RKEFEONE T (Point
of Tangency) JEAE (uU,,vy,W;) ZRODZFENYEOHIE /2D, B2 ERICKIET S T A
X bHAA FH—FRaA XVERIZIZZR WA T T XA B Th 20T, b T AE5%
DHZLILoTREA ZNVEND T T A<l « TRIRDIRET D, ZOEHZAT I BICiT B
il E OB RO < BRIz W CTEEM Y (du/dv) ZHET2F2EE LTl s,
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THFICEETHD, M) TFULEIELDOHRE, BAKERLERKIZEL D WVIIMOT AL DIRGTALRDZ L

WHESND, ZOXDRIRE ﬁxﬁ57n%yéﬁﬁmm%%miﬁy7ebfﬁﬁb\wx¢@%u%
VAERMET DI LIRS T M) FULREOHERELZN LT HERBZRIN, TOYRIHIFEN
TW5b, ZOHEX, TAZBHBOEFENETE, AT —RRE /NS EFEEINR LN, HHIND
7 kBRI RIS L DV IER SN DO R E 2 < G B LT R U T 7 ADSRLR &AL,
Hrtt/e E~RUF LN N7 v T ENDFREENRD D, KERNAED b7 v ZIFIFEFICEETH LI N
MHBLP, ZTRETIEEAEHENED LN TR, AR TR, LiAKE T v 7 OREMAEZ B L
T, HAFED D VITEAKEFVIKBRINAROEEME « BUHZEENCBE T 2 8 - T &217 9,

BARMICIE, 7 b UEERET I v 7 AL LT, L — bR (B 21E, BaCe0,) . /L =2 % — k% (CaZr0,) .
A 7 — bR Baln0, 5) 72 & DO KB RIGIR DG, IR, b ZEE 2<%, £z, v b H5EMEE
T I w7 AN TR KBEEMFEOET I v 7 A BlxiXvra=7) REIZONTE HERFERZIT
9. AT, O OREHIEIR TOH AWIIEIC TEAKZ Y)W S5l 2 i L, 6 D%
WFFERT O FARDUBE S 2 3 Hr2E1E (TDS) &2 VT, 2R THAIR L, KRBRMAEKIHZEE 280+ 2, £
OB OKRFE R ZETIC, WINJCHE, MR, FTHHOFEER ED X > RE{E 52D D% 5 )
T 52 ExHBME L,

2. EBRFE

10%Y #3010 BaCeO, (JFLEHYARZ (BK) TYK KV EEA) 2OV TRARBERE (1873K, 20h) 1T & v alkt%
Hefig Uiz, A BEREABURLZ 0. 4x2x8mm® (TN TA#%, H/KZRSIREE (773K, 873, 973K, 3h, 22Torr) %47
W, FORBINDDOEAKFZED TDS A7 kL (FIEHEE 1K/sec) ZHIE LT,

3. RERER & B

773K, 873K 3 L N 973K TH/AKAKKIRTE L 7= Y ¥ BaCeOy D HEAKD TDS A2 ML &K 11TRT, MK
HE— 7 EEIXEAARRRRE LR 2> TR, BHEIFEE (W) BEO EREEHIZET
L. 2, BIHRES ER LTV Z Ennrole, ZOMEND, BEARDKMAFEH O HEAK DL
ICHE SN D ET VT, AT I ORI RV — 231l L7 f5 5, 2 1ICRT L 9 ITIEBONE
PR F =N L7z, T7bb, EAERNENMETT2 &, HINIZ T v 7SN HKFEOHE
BNEIERE L THEMH bRV F =L TWAD Z &2 EH L, BaCeOs FHDKFED T v 7 H A K
DEEZERBT DRER E ooz, Fio, MHEKEDNKREMREICHYT 250 LT, Hilig b7 v
TETNERWCEMKFZRE T v 7 () KEELFM LB RER 2177, WTILOBRES
PEIZHR VTS 20%REDKENR N T v 7INTWND LW FERERFT,
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6. WFFERCR
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= 2013 FEOHF2 (2013.3 HEHEK)

- K. Hashizume, K. Ogata, S. Akamaru, Y. Hatano “Solubility of hydrogen isotopes in zirconia
ceramics”, J. Plasma Fusion Res. Series, 10 (2013) 33-35.
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LHD REFEREBICBRBINE-EBMEPOA)D LKFORE - HHEFEE)
RS RIZMER NJALBEER B BT

(B#]

HRARSEHEROAEAYHLEBLHD)D TS XI5 MEE L, SUS BE—EE95%NEEE )R E
B A IN—BEA V(5% DEEE)THERSNTVS. SEEDEEKRETIE, ~IMW OMBANTREHEF
BE 1x10" m2DAYHLTSITE 47 HRITHI->THIFT A EITHIILTEY, RERKEICHEST
SATEHEERPW)DORRAMELTETING. LALEAD, BEMEKETIE, MERMRKE 10 HE#E
B BHECNETRICRBE SN TV, DEYBHRSN T AU LR FAREAICELT 5 ETHRE
HEARBERDIENBRASNTNS. £, HARKREIOEMELTREEZT LT IHESCTHYO
BANREL, TIRXTHEICEIRENERINA TS, ChoDBRRIZTIAIRERER 10 £S5
ZRENHEMABBLEVERBELAVEDTHY, RAME OB LR/ LT B BHENEA
UAREEEZTTNAIEETERTREDTHS. 20T, AWK TIE, AEHEELSHIE—BHMBREIC
BT, MEBMRBLLLICEDISIBRAEENEEL, AU LK FOBIREENELELTIKONE
IRZHCEEBERELT, SUS HE%E~1000s, ~3000s, ~10000s L EERIMEICEET 2EMELTILSE,
RELELMFHITEEHMOBEMELTELZDILERMELT:.

[REHX]

1IZRT &SI, APBHEEZANT, BEAAESLY
1050°C TEZFES L =5 ®D SUS ¥l % LHD F—EE U@ F
THEAL, ~IMW OIBANTHIENEFZE 1x10"° m™0
AYY LFSXTHEIZ 1000s, 3389s, 9980s ZNZENIEELT-.
BYBELEAMEANKZICAAEREFMICESL, EE6REF
FEMES(TEM)IC KB MMmMEE R, FEEA X5 HTRER(TDS)
#=11o1-.

LHD Vacuum vessel

[(HERBLUVER]

212, 1000s, 3389s, 9980s EFE% ) SUS ¥ D TEM 8%
Y. LBIEFEITNANTILETHY, BERKBICRASaV SR
AN LNTILTHD. ETOBFERMOTAI39320 /88—
UTCTNA) VT ERTES. BEOHAEMISINLIERFEHK
HEBE LTz Mixed-material #iERE THAHAZELHMOTLNS. T
BIIEICERMIL—THBTHY, EEOIAVIS A ERIIL—TT 1 LHD E&ERHMKERGRHK
$H5. 1000s DB TIERTUL RAEBADNT JLEEIIL—T W — LR ERNE
DHAZXNINKEELFEL-O, REOHBEAMEEZLT
NTILDAVIS AL E(FHDEY EELZDTEMTELZ LD, HTE TEMEE(ZLY SUS ERAD/NTILO R AL
FIIHoSYEHEZELTWS. T/ Dav kSRS, BETERRIAY 3389s 12425 & 1000s ELEELTEAS
MIZIELY Mixed-material #EEBNEINTOBIZEMIDHLT, KUIE>EFYELIZN\TILEELIIL—TD
AVRSAMERZDZENTESD. 9980s ITHBENTILDH A X EZEIZSFEELITRONALA, TRV
—TDEELEHAXEESHICEMLTVWWSZENALMS. lTEDO TEM BRMN5, 9980s DX # L
3380s(15nm)&kYHE5IZE LV 55nm @) Mixed-material BB A SN TSI EAHM>TLVS. LHD
DEBEBBRETIEH keV BEDIRIILF—DAN) I LNE—BRAICASFLTETLSIEANTSINTINDS
=8, E—EEIZASTLTLBAYD LDOKERS (X 55nm D Mixed-material ¥iEREH % @B T ARICTRILY
—F5%0, HEHDWDIIILEERICHHEHINEZENEZLONS.

312, EBEFBRBERDRBIZEITEIANYILDTDS ARG bLE, ZORBMEFBIRE)E T
. ETOARY MLIZELT 1000~1400K [2HFTHREDE—IHEFEETS. hik, SUS ERIZHR

4.5L Port

//////////////////A{ F
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SNTNBANYDLNTILHASDBHETHS. Fl=, EIB~600K 2/ \yFEMNTTNDEETE, LiFEd
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TR LTz Mixed-material TEE(Z &> T, ZNLUUBEASTT DREHSA) D LAIF(E SUS ERICEEST S
ELREEIRETH-I-EEZAOND. FTNIZEN M H5T, 9980s HBELI-HD TIE—H LU LDBEEDIE
maHsNEIEND, KESH Mixed-material HFEBICTHFRINIAUDLOBRETHDIEEZLHAD
BATHSD. AEERIX, Mixed-material B SNEEITHRY, EENSRBITHEINEIAYD LA BERE
[CHBLIRITACLEERMTHEDTHS. CDEIEA)D LIHIREENLHD E—BELKICERETHI LI,
FHLGVWOTALGEE LR EERFHANEDEEFEICEELRIZTAIREMETRIETIHLDOTHS.

CNZEIFT B2, AN SRBMHEHRTIEEDITENSGERDOND.
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2 JEREIER T O KB RINARILHEL « il ZE 2 B3 D A28
(BR{bW 4y o b FS2H 4t od /k B2k s dh)
MK - AT T ERER K& T

[EM]  Emi&3EEE (DEMO) fF CIlE 7 7 X~ Rkt & LCH 7 AT v R LT AR b 7 = F A b -
LT LA A (FH) ZRIHT S Z L BRE SN TN, ZOEBMECH S FS2H SITIL, B L
D= DICNEIC N 2B (L % S B S 7 FS2H SIASBIRE ST 5, SN OBILMIL. Mo kFEOE
ik L OBITEBIC B L RN H 5, AN TIL, By ikeait® (ODS-) F82H SHIic F U F
U L EE TR KT E 298K~4T73K DO — EIRE THEE S FNCIER S &, TOKFEOHES 5% b U F U7 LA
A=Y 77 L— 1k (TIP) IEEHCTHIE LT, 2, 5

BT KRR S AR OME 7 v T 4 T S
BT L1 X0 AFIEMUR I RET S L L b, BINIEO (Gessiertebe)
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ODS-F82H #: D[m”s"1=2.2 x10” exp(-30[kJ mol"']/RT)
LRkd oz,

AWFFETlE, 7T AL TKRFEEEATDL L, £
R b L ORELFICEIREEDOKBENRET D &
Whinole, Flo. ZORMEWIEAKE &N, JEHE
KRFITE BITERWVEEIZ F THLBUR A L CTuh/o, F82H #i
TiE, ZERICIEANSNIRKEDPIEM L, k7L
HICEVEAT I ERbhoTe, FEBLEDO AU T
B, WE OB LRI 11 K 2 K FE MR RIC LY
KFORABIH S D Z &b,
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3 F82H 4, Ox-F82H #f and ODS-F82H £f
12373 K T 1hiEALTZKFBOBREIOA0
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Hydrogen diffusion coefficient (m2 s'])

ppat O Otsuka & ]
E A Serra ) 3
10 & Schliefer .
E®  present study(F82H) O, E
(o LB present sudy(ODS-F82H) . ]
1.5 2 2.5 3 3.5 4
1000/T (K™
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M EVE GRS DS RE IR IE T R R BV O E
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1. BEEW

MMNEWEERESS T, 7 —~MM b — h U M e DEAEEZ A L, @D T-DIC, 7T—~<#
BHTIMEA: « TEVEEVEICEIL., SOV ERRESCEVMEES 2B T 2 E0N¥EEN, E— v
MEHIZREIB A OO DOEBMREMEZ /5 & L Hic, ZNE OB O 72 ERER S
TW5, —J. BlrB%s S =R aEa1E (NDB ; Non Defective Bonding) & J2 7% it Ak it e o
DOEWEIX, TERDBIS THERMD = D HEE (Mo, Ni 72 8) ZHFATHZMEN 2L . FOHEA R HE
SRR EERHEDN E L BB S AL, mtERE A AT 2 BV SRR O i L BB R AR & 72 o T
Do 12120, ZOES R OREEMESLCERFMOILRICHET 2N THLHEE 2D, £2
T, ABFEIX. 4 F TOILKISHFE OILFEFEOERE 2B E 2T, FFIZ, NDB IEIC L D itEWEE
B OBEAREIZHER L, £ O/AVETIE X OEHAFEMOLERE S B L T, #A6 m O R
P & SO M T R R BV O B A AT 5 Z L A BN E T 5,

2. EBRFE

AW TIL, £, o727 W) & R (OFC) Z B85 L7 NDB (Non Defective
Bonding) #&MEIEHIELTZ, ¥ v 7 AT UMEHI, BARZ V727 (BK) BOMEE 99. 95[%]
DOFEHFE BRI & > 7 27 > (JT-01W) B X ONEE 99.99[%] DML KAk & v 7 27 v
(JT-02W) ZAEH L, #asrkHE, BRsR &Y 3ppm LU T & @MEM CEdME8t 4 325 OFC 2/ L
776

RNT, EFLO W-Cu #EEMENT ., TWUNKEEIL WSRO = RV X — A A R AR E %
W, 2. 4MeV DA A (Cu *) %, BT3[KICEBW CEiEBE L, iR Cix, KIREHEE LI
(1.8dpa in Cu, 1.0dpa in W), EMEHHELE HI (18dpa in Cu, 10dpa in W) ZFEM L=, F£7-. ik
MELTT N IEEDERIZIT D814 4 2 BB & 50 L,

D%, EBHIME S FRER & O 3 s RRER 2 X 2 B0 RFMEREAM 33 X OF SEM (2 2 2 kR Rk 22
BHEME LT, AMRICB T DX A4 v 7ESIE, D,=al/h* TREND, 22T o IX-MAHTE
FOEH («=3.8584), LIFABRME, h 3 LIARE S TH D, Fio, tiFsEE T E 7, s
I, 0,,=3PL/2wt> TRESND, ZIZT, PITABRME, LIFAA RO, vl ofE, t
TR OB TH D, I DT, HFBHEBEE AV T, MmO Bl 21T 5 1=,

AN, A A BRETEBRATZ OB PEE & RO 2 2 JE Lok, BRI 2 AW T,
673[K]ZFVNT 100 [min] fREFOEGLEE (HT) 21TV BEBIORRM: & BGRERRIC R IET 7 =— U 7%
RaITH L, iAW SR O 2R X OERAFEMOLERICTONWTELR LT,

3. EBRGERERUEE

Fig. 1 1%, FREHZBVLERES O fh T 3BRZ D BB Z7~5, JT-01W/0FC #435 &L O JT-02W/0FC 1%, 3k
ICHEA R TOMBIIBE SN, o 0ELWEMAEZ R LTS, ZOENS, X
TAT il D NDB #EMENT, £ OHE R imiEEIEN, MEWEEEISR~DICHN A Th
B ENGTMoT,

Fig. 2 1%, ARIESHF, (KHREHZ BB 35 I OV FREH % BMILER A O SRS 70 O GI/LRL 2~ 9, &
OFER, SHOFLIRIL, BEZRBVLELIZ LD . M OK 3.5 fFIChikE Lz, ZOBMLELIZ X
DRLCED, $ES OILDIRKRTH D Z E BB N E R o T,

4. F&®

AWFZEIE, mtERE LA D MEWEEEG OB 2 HIC, X 7 AT v L8l & ORE Flim O
RRAORAVE & AR (2 M X T IR R BVL B O B 2 S8 LT, SO oRER 2 L FICE L OR
-é—o
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(1) BIRBHZEOMSHBRICL Y, 20 72T IR HER TE 7208, SHITEORER K
LA Lz, £, BEBERBVPL T, X 7 AT UEAS I S AAEIE Lz, $E50 %
FRAHEE & BVLBR ORI L0 K& <#fb L7z,

(2) EIRMEE%ZO 3 S TRERIZ LV JT-01W/0FC & JT-02W/0FC DO#EETREE D KN HER T E 7=,
WURN#Z SRS LY | A REOIRK TR TE o, ZOEREL LT 5 & MimEik s
B35 JT-01W/O0FC 1%, iR RS0 #6 BVILER|Z K 2 2 LRIV E < | TRV ERESS O EHC
WL TWDHEEZ BN,

(3) BEAMOMRRBLZIC LY . BEBAEMICB O T HEASRIOMMNIBIER SN, ok
BHMELZAELTNWDZ ENgholo, Fiz, S ORI IR B BRI L0 | 2D
BIEEDKD 3.5 FEICRIAE L, S0 OEbDIRE TH L Z LN b h el o7t

(1) JT-01W/OFC (2) JT-02W/0FC
Fig.1 Bending deformation of heat treated joint materials after irradiation.

AT & > ¥ R
S 3“‘ ~ ~ »
f AL ~

o S . % B[ 48 ] +—> < { L bl
(1) Un—irradiation (2) HT specimen after LI (3) HT specimen af
Fig. 2 Microstructures of heat treated OFC after irradiation.
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ter HI

5. HWFFEHERR
KRR T B 5 KEFBeA + KON H A
JUIN RN )R GTAT T e o I

6. HFFERREBE

1) KFAMBEEE, HH 75, fll, B ARRERBRCGMH 21 BIRGES M IR SCR, MK,
(2013.9.6), pp. 81-82.

2) B Ju OUEEY. MEBOE, EARERE, BAMRTRH 53 MRS, B
%, (2013.11.16-17), pp. 75-76.
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ENBHRMOBUIITFEICEZ D244+ VEBRFAUE

BEFAZIZEHYTITILIER HEES

B #

Fe-Cr &4, HEWURFME, WEMWE, BRRHEICENTERY, BET 7 M EO RSy
ELTHIHENTWS, LaL, ®iRikcoy 7 ~HEmkic X 2 iEke, 350-500°C O g ¢ o
THRTBEC X A B L E D, BUREE T COLICIERENLE L IND, 1) - BG5BTl
SHICHE L OEGRNRBE L 720, = O] & IFREFIE ORGP RO TV D, £
DIEMERFIE & U CHoxid, OFEA A RE Pk &R 27— REBENET L, it
(L FTREID NS QO HRE SRR . BRSNS LT 35 S . ORERGHA - FEME G~
OISO AR, D 3 D EMAG ORI EH#ED TV D, Fe-Cr GO Mt 8L, CrigfElc Xk
DR DETHSH, CriRERTFHEEZELSARDZLERD D, TOd, —EICEZEEHORE %
ERLL CHEMERIM 21T o, 2B F MU 7 AR ZE 212 R L T\ D (RHFF# - JLARAFZE B.
No023360418), B2 V) IERRSS - BT aalk 2 & oalbt 2 — FEIC/RRL U €, Fptaiii 2 — BT 52
Mid 52 & TCHERIMREED L Z LN TED, ZOXIRBZIHESE, CriREAEZFFOH
FEEL Fe-Cr WA /ERL L T O 2 T A A A L, BALIBRRIC 5 2 2 AR 2T~

Bk

B LICAMFECIT o7, 2B M) 7 ABRIERORKXZ~d, BEmEEPTEfFE—LKE
IZE VBB ZERL L 72, Fe & Fe-13%Cr O 2 D X — 7 v MO DG & EMRRE > ¥ > ¥ —
fAG DY, BULEES 5 Z LT, MgO(001)FEMR FIZ Cr IR IZAELZ DT 7= Fe-Cr(001)Hifs it i
Rz Rk S (B 30nm, 18 3.5mm T CriRE 0~13%DAE), £ D%, Juk - I iffo 2
T LB ER VT, 475°CC 24MeV O Cu™ A A v &M L (FSHE @ 9.5x10" H/m*), =D
B, ROBAWE A X N~ A7 3k LICERET 2 2 &, FEMRG s IR (B 0.15mm)
D WG A A o 72, BELIER A TR 5 72 012 RO — S RS 2 W CRER IR 21T 5 72,

BRELUEE

[ 2 12 Cr 2N 3% DRI OB KB OfE B4 R, AR CH A2 A B I . 2 04t
IR I CH D, & 2 TR 2 OLEATTTRDEALE S TR D<100>ke ¢ & 722 TEY | £ DI51H)
(WS AN LTz, E 9GS 2 N L7 EERRRE (K 2(2) 25, A &R~ 1D L
TIEET 5 L 58 90e THIRAR 3L L CEMRMEE & 72> 72 (K 2(b)). & BITEESZFHIN LEL
BTl ZALHMOMEAHEL (K 2(c). 120e TIIH RS - BAEIKOBER T2/ 7 ko
A E R AV S TV (R 2(d)) L 12.50e Tl R T ORALIAE F RO BREX & 72 - 72 (% 2(e)) o
T DT KA B SRR 72 5 R & H SREK A D WRERSIZ 72 5 BRI & Hy & EFE L
THOH D Cr RERIFEZ T L <R
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HIE & AT IE B DR RSy DHERHE OB 2 | R O HAENLE ) & O PRk LT L -
FERAE K 3T T, CriRENK 9%LL LTI, BiRES 2 K,k W KRELRoTEY, LIk
DNRDER STz, Fe-Cr2 L@ DIRIE TOFEERIZ OV TP I TR Y | Hilr. 8-9%f1ir
BARZ S D . ZHLLED CrifETTMOBERAE LD LWV Y HENREINTND (BEL), K
WS TR DAL B E35 D Cr IBEERAFEDM I & —F LT, A AT X 5 ZMHEoBEof
HEBIR 2 BRI 2 T2 A REER B 2 b,

S 3#K : GBonny, et al, Scripta Materilialia 59, (2008) pp.1193-1196.
FCRIRE - SRR, JEARGERE, /IKIE, 4L, PEDSERE, “Fe-Cr A4 ORHHBG LMt 2 EF R Y
T ARIBESE, B AEM 24335, (2014) in press.IE M
AR SemEEE, AmalE, RE, A ER 0 BRREIER~T U TR
BEDGERE - TUN RIS )0 ZE it

(a) BFE—L3EN
Fe Lapyh— m—

10nmt|

|
6nm MgO + MgO{aD1) BB EiR

— /-\'9*9— Fe- 13%0'

mc;

{b) fvas

b) BRE (CHEHEFRELRE

Crig

OBATEE  cun o

AZNIARD (d) BIRIRI=R A 2 RARE peye—
st ¥ 4 4
) B2 Fe3%Cr B ORHE D 2L
800 2
(d) EER _ -~ ERORBETO EfErR

Temperature, 7/ °C
g
Critical field, H, and H,/ Oe

1 =) U 7URIER OB

0 2 4 [} 8 10 12 14
Cr concentration, x. ./ %

3 [EERRR & BRSSO Cr i EER A
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25 FP-25 H254FRE RIS

T5 A DL A r—)L « 70 AHBO « > o L—3 9 LS

A ERasetites  JolEr o Aviigihider=> b 77 A~Hims Ial—va v /—>
T AR

WS BA CiAD BIVTZ 7 T X<\ TN D RGEAEEND NI 2 & BB Zoetiid 2 HE i CoiRE SRR A3
AU, BEREDERR S, B UIADEBSEEDZ b Z B U T, 77 A~ UIADICRE R85 5.2 5, ZOWH:
FHE AR OUWTCIIMHDERFZEO G L L CZNE TEL OFEHIZ L > TR bT& 72, £D%< 1T,
P AIRROREFERIR BT 2 b DT, Z<UFIAT TR, U, TR COBIER x5 L L5, £l
BTHGETHT T AT M a A ZVBIRTH Y | INBEEN U I/LE— R Tho7c b LTH, 77X~
TiL haA e — REAICE > T 2DV A RRU R« B— ROVERS I, BAEGEOTUIEEL 5.2
%o AWFGETIL, $lixtFR b~ 7« 7' R0kt DINTHEBRE S DR EZTE X 2 L— 2 TR o TR
I ZDOWTHRE T 5,

1L, 7AY b4 OHAER—% « v~ « 75 A= Zmin=5/1 DEENE 7T A<EERCTH-2 7200~
T AP ORKEDOREZE b 2R LT b O T, Zeffidh BT 201, 77 A<ERT61l L LD, 77X
NIT TV U THNEETBNLT, 7T A~ U 1006 T, RIEAfHICT 5720, 77 A~fc—& LT
%o ZOBNITIE, min=5/14/1,3/1 OF— K335l 725, BElIkO=MAKE LT 0<t<500 OF7FZITFIZE
ZTCW5

psi(5/1)=1004 /250 : 0 <t <250

=10"4 (500-t) /250 : 250 <t < 500

=0: 500<t
B2 RIERIZ, mn=5/1 BEUSOINIITE- 2 TAEBIORFZAUITHE U TR L L Cnd—J5, PHlE, ANEHEED)
AR A S THRECNTIENN LD, ZD%, BN TWD, UL, SNIEEREINRED, i TRk
B DIHEHmEFRE & SNTHERE DR ORES OREFEFROYPEREE DA L 5 H DT, — OGN —DR L 7%)
RERLTND, SOLIZANBEENE 225724 D & BITRFERO R A 7 —/LV TR D% - T D,
haA ZNT T AT, SAEREE & BIT4/1,3/1 ORERESHERIILD M, ARG HIEFTEFE S 5/1 s
L0 HEBITPo Y LIEIFRIA T —/ U2 T D, FHT, SNHEEIDNH A TR ORISR T, 7T X~ 85K
PIOIK T & & BICRFCDIZ>TRY . 202 Lid, INHEENEZ TH, COREIIRKEIZOIY 79 X<
P CIADIC R 5.2 DHARL TS,

PIHNHESED (51) e, VVARNZEIN L2 & 2 A, 7T A HOEBXIEGUEME T 5 (BiR77 X<z
%) LB, brAXUERIZL VR S AKE @1,3/1) OB & FIIIS AU NTHEhOBRENL - =
MBI ERT DI D 0Tz, EORER, b rA ZUAERIC L 0 bk SIVAREKUEIE, IRET B adE
% L NCRZDEN o7, T, ELMSCHIETIRES Colaol bt S DS OME-S, ELMSCHifE
WSSO B RR: & 138 < B~ TR E A FF O TREM AR LTV D,

e —

ragnatic island evolulion —
Fri=] eIl Wikl LB 0 < 1 < 500 ——
e e
,..,{\& L
,,,,,,,,,,,,,,,,
o
o i

-
e
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25 FP-26

BRI S TGRS B RL 2 o A T DI

KBRS REEBE LR ERER

1. BHY

A7 X<t Bt O% G T b 2 v 7 AT N2iE, 77 A= b Ok Ak OkFHER

fifk72 &) %52 5, FHZITER O X A N—2 %, EFITE VR TAR(T 7 v 7 A 1024 /m2s FRJE) % %
J. F T AT IR AT DKKRRNVARDHEEN @S 2D Z IR0 ISR RAEL, 2T AT
REOFEMEEICEELY 5252 LR THREND,

Z 2T, ARWFZETIE, R BT EESM W M BHT R T/h E < RIR T O8N 4 sk U 72180 A
B W (TFRG-W) CGRALKRS:. BEFEAERUE) [2oWT, XA \—Z R4 - EAKEO R %
F 7 v Z T L X — i JEET(FOM « DIFFER)FTA O#IE 7 7 X~ 2EiE Pilot-PSI % VW TiT - 72,
FRE# D TFGR W i EHZ DWW T, A 71220 FE BT 0 1518 75 7B - BEMEE(TEM) 2 7% Fil L ¢, &RfiirEo
BT, B 7 T v 7 ABKHBE T DX v 7 AT BT OKZEFRNARDZFE) & | B
[ZOWTEEATRD D,

2. ERAE-#HR
AWFZECHEH L 72 2f O TFGR WIZIE, Wi E L CTLIwt%TiC & 3.3wt%TiC2 Mz HAL T\ 5

(LLF, W-TiC & W-TaC & FES), ZALH OMEHE, HAL RO FRAENHIE SN MECh v . TFGR
WICTICRTaCE M L. BRI T2 T o Lok, KRZmIL LEZ L Z AT VMBI THhYy | =
R THIEMENRH D Z L N TH 5, FERLIT pmfEE DR E S TH AP, EiRTOUET 5 Z &
2 T D TA R ER o O | N RPAS STAPY T A NN (1] s A AN s R

Pilot-PSI fH FBR CTld, HEARFE S 7 A~v%, 77 v 7 X 1024 D/m2s THKJ 100 s [ L7, Kkl
FEIX, AT 400 CIZELT

3. EEBR#ER
FARFERS %O TFGR W 3 EHZ D\ THEAKFE R & A E LR R, RmiafF(100 nm £ ) CTHH
FWEECEAZBNIE SN TNDZ ENGNnY, £7-, SEMEETH L, 1lum BEOT Y A& R
%ﬁ%ébfwé_kﬂﬁﬂofwéo%ﬁﬁkf®ﬁﬂﬁﬁ@QM%%&éka%ﬁ%HB?@%
L. TEM #5217 57,
LU FIZZE DR REZ R~ D
M 1ioR Lo, 77
A~ B R ORI O
W-TiC B Ch 5, 3kt
T2V (10 nm FEEE) D
Rk O &R BlE ST,
i 2 v 7 AT DFEH
DEEREIL->Z 0 LB

K1 577y RXEHFEZEOW-TICERF
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THIENTE, THIOX VT AT UPRKE LT b O TIiHe <, BEFIZEVIED > TERSLZH O
EEEZLND, o, ZRLZ 7 v 7 BPEIEIL, BHERERE LWL Z EnghoTe, L,
T Y AEOFAITERT D L) AT ARRA RIFEEST, BAFRILY VAT U HE AT VO
THHE L TWDIRTIERNWZ 2R LTS & Bbid, BEARIEFICHSEFEE VWS T o' 2T
SN TWD AN B Z OND T, 4%, B ELIT O 2 LT, BEREICAET DEICHW
THELSHARND TETH S,
2R LT=DIE, 75
R WS % D R E D
W-TaC &k CThH 5, ()ix
7 AL DENEFTTO
FKAUTLF OIS % | (b)
X7V 2 X DOFDLEFTT
DAt E 2 TN E IR
LT3, ¥ 2(a)Tit,
1 O W-TiC & [FkkIC, %
T\ HEREIR 2 1525 =
EINTEIN, ZOHET
FipoTRY | JEIREE
VIR SRR, £, 24 |
L7 7 v 7 ODIFED T
BEIhs, X 20b)Tix, &
BRI 5T & ~200 nm
DFTIZ, BT 7= 8
DR S L e, Z O T
X, RO EEICT Y A X
D& RIERIIBEIN
TRV, TOIEDIEEBIEINDIZEND, THICERLTT Y R REALTWDH LD EEZ LN
Do ZORENL, HAFERK O W-TaC TITifafKEOEMEKBN X o 7 AT UGG % &
EL, TNDEMEINDEEIZTIVRIBBE LI EOHLTH 5, EARKBZHEICL > TEKIILD
INTNRHRA ROFEITHER SN2 o T2,

SHOMEE LT, OHERE D TLEITZ2ITWZEDOHEEZESD Z L. OMEHW-TIC & W-TaC)iZ L %
TR IE OE VR RERAE LD E | MEHRER EOBLANLH LML TV PETH 5.

I\l

X2 U5V RAEEZOW-TacH

4. MEREHERRK
1. REM, &7 T v 7 ZABHFBERE T COTEGRY v 7' AT R O/KFERNIRZEE) & DFREEL,
HARFA 152 20144FEFOES 201443, TEi iR, BRHED

— 176 —



25 FP-27
H-C-N RIS TEIEIR 75 AR A RIS & 5 RFRETRIER R & /KSR B L 4 IR D il 1

BRRFEE TSR

=i
-
N
i
Iy

1. IZTC®IT

Bl GHEEOREMENL Y 7 XA~ L OMBEERIC LV EENCTHHEREL L O R &K 5, il
BRREICH D MY T UL (ETEWE) OHEFEY ~DOEY AT E OF N % 72 53 I1E»
Do, A A NRLFIREBUS X B BEAEREILB O AN H 570, Zem CRERMEE > Tn5,
BEEHIF D—D> T D RFMBHIK Z M CIHEVERMEICEN D720, BREGEED 7 7 X< xtmbE L L
TINETELFEHINTE 2R, GBI CH 2 KFRFRNIRIC X 2HEFERNE T D L EO HHERE
JEB LT A MBERINDZ &, FT220 DRBRHEFEMICEL < OKBRMENIVIAEND Z &
DEEHRINTNWD, — 5T, AT 7 X~xtmpf e LTHENRE T AT b, KFE - ~Y 7 LS
IZEDTVREZY L TRONT N, @EAMREOME « Kl E 2 OMEEFELTEBY, 7T%
i T DMEIRRNORBURTH D, 2D KO 2RO T, AW TIE SOL fiFlik 2 i U 7 KR K 3E 7
TRAZIZBWTC, BELOMEER (REFEZGATREMELZBE) Lo TEMRIND X A b« FHERE

AR OIME EZ DA T =X LOFHZHE LTV 5,
2. EBIE L Hik
2.1. Heliotron-DR £ &

[X] 1 1% Heliotron-DR & D 5 E & Wi OIS X TH 5,
Helioron-DR Ti% 0.5 Pa LA FOIEK AT AETHO T T A~ 4
R FRETCH D, haA XV FFRTR2D®7 v a il
HAINTZ3DDT 7 F 05 23-3kW O RF &) % i
WD, U BRI 200G, b A ZOVEGSIT 40 G
Thd, Vo T N~OIRHERTER THW D T AFEIT H2,
CH4, N2 ThH VY Wi EIZZNZE1 20, 1, I scem TH 5,
ZZ T, CH4 [IRFEAMBPLE LTHIIL TN D, K1
T IR S XIRERIE FTRECH Y . T E Si T
&%, F7z. Heliotron-DR BE~DHEFEY)RTAM 5267 (2 13 E
FCH AFEIZHNZ T Ar 16.8 scem, He 37.7 scem & W\ 5,
EREND 77 A~iE QMS, o YEEHINC X - CTREM L
7= F7-. Heliotron-DR ZAWTHRIFINE T T X~ D
BErREBLOEFEELHE Y 0 — 7 CTHIE L7
B ZENFEN 5-10eV, (2.0-2.2)X1016 m-3 Th o712, &
finD., SREET S 2 OOERFIEIZHONTIRRD,
3. ERERBIUEE
3.0. RBIRBMOKBILRIBRBEHEBICH T L2E2REA
EES

B2 12 Si o TN~ DIKF/ AL B L UOIKFE/ AL
/2RI T T R~ W B AT - T BR O J FBIEE D 3 1 1R K
FEMERT, KEB/IAZ T T A ~DERIFIMNL
400 K LA OO SR C IR BEHER IS R D A H v 5
LU, 350 K LA R CIXERTINC L 0 PBHERE et S
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NTn5, M3 ICIEKSEIEBSAEEER (QCM) 12X 5 100

77 XA~ AR OBIERER R EZ ST, QCM iTkins g 8ol +W{O N, P

NTHY ., ZOKRDHRERMEIIK 300 KRELR S | © Wi,

BYBND, KRIAK LTI AvicEgpsmmanc § 60f NM=5% o

VBB E IR OB & & bICRESEIL T £ 0] e

AEEA A B AL, IRIEMEE (Ts < 350 K) (28175 Si £ & Surface temperature of

P TN DBHERR I — 5 5, Fio, kd/xs E 20p o5 QCMislow (-300K)

LIEFRT T A< AL (Ts =320 K) oMERo xps = ol o oL L L,

B RAT T, © OREER 4 10RT, A X BT 0 "émm;nm£"w3]1°

E— 25400 pm D AlKaffEHWTWE, 2o

FANBIELRT C 1s FH—Z27 K LE, C-C/IC=C 3 77 A~ AT ORI HZ AL

fEA (2844 eV). C-N fEA (2855 eV) (ZHIET D 2 (QSM : /K i B 2R )

OO =TT D LN TE D, XPS oMt E

5. BT (Ts-320 K) b Ckse/ 2 2oy 100 : . ]

EHRT T A~ BT L o THR B C-C (C=C) Carbon, i, XPermena) &t
3000 + 284.4 eV M\ N /H =5%
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RSN DN TWD, [ L7l 2 o 7 2T L (W)BERS AR, SRR W A4 (ST-01) K UMLK
B W B(ST-02)D 2 Fi¥E A FHV =, 5 mm x 5 mm x 19 mm OFEM % 4 A, WEIE O ERRFEH ORI
NDB &I KV #:5 L7z, 2D W/OFHC #6RBR A Z 58 fil K H o T CHEF £ — L RENEUZ L 58 A
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ZIUTHRSHE LA B T 5 L HIfF S 5,

FEEFOAE R T IR % € 8 5 O3 L RIR (400~500°C) TOH AL TH D |
FRROBEEIZOVWTHIEEDNFT VT AG4E LT D -OICBE T — 2 2 BG4 250
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(1) Takeshi Miyazawa, Takuya Nagasaka, Ryuta Kasada, Yoshimitsu Hishinuma, Takeo Muroga,
Hideo Watanabe, Takuya Yamamoto, Shuhei Nogami and Masahiko Hatakeyama, Evaluation of
irradiation hardening of ion-irradiated V-4Cr-4Ti-0.15Y alloys by nano-indentation techniques,
Journal of Nuclear Materials, 5% 2wt 4
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2. AR LT T A

HIFF : SR 26 21 H 7 H (k)

285 0 WNKS: QUEST i 2 F =

REF - WEHEH (RERFRFE LA, #HER)
FTNTEEE N - (X775 4

NE w7 R ZEEEIZI T 2 B EL RS R OB

7w 77 2 (Program)
Chair: Nobuhiro Nishino (Hiroshima University)
13 : 30—13 : 35 Opening address
Nobuhiro Nishino (Hiroshima University)
13 : 35—14 : 00 Characteristics of filamentary structures in Heliotron J edge
plasma observed with a fast camera

Keijun Kasajima (Kyoto University)
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13 :

00—14 : 25 Investigation of the edge turbulence with the combination of a camera and a Langmuir

probe cluster in Heliotron J

14 :

14 :
15 :

15

16 :

16 :

3.

Linge Zang (Kyoto University)

25—14 : 50 Fluctuation study using Langmuir probes and Beam emission spectroscopy in Heliotron J
Shunsuke Ohshima (Kyoto University)

50—15: 20 (Coffee Break)

20—15 : 45 KUY D VEGE LHD (Z31) 5 2 i i iR B E il
Hiroshiko Tanaka (NIFS)

:45—16 : 00 PANTAIZEITD NEZ T 7 4 —%BIELT-ZT v A0 NEHIO B3

EEFFE (Kyushu University)

00—16:25 HATZROTa—T%HN=7 7 X~ fE8htil (k)
Nobuhiro Nishino (Hiroshima University) ({tE)

25—17 : 00 Closing Address
Nobubhiro Nishino (Hiroshima University)

SN 4

PR fEE URKREE - L5rERe - HHER)

il PRl GRBOR - BEWER - #0%) WAICL D AENRHE, HARTH DY)

AN (MR - B ERAIIERE - M) GREIC Ly FEERE, BIRR T HEbHE)
KA F (BUR = =L — BT SEWFZERT - 20%)

N

B (K - ROV TERIAT - B

Linge Zang  (FUK « =R /LF—FAWF5EH - D3)
WS GUK - TR LR —RRERIER - ML)
KB KE ORI - #Ed)

mh ZE (BEEEFREeIEeT - 820

By e Ouk - ISHIIERT - Bh20
R e (LK - SR EEIERT - BhZD

LIFIZ, FBEROME AR,
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25 FP-S2
ERIF A RES
BlLE A XNVT T A<fiiaa— PSR
11th Burning Plasma Simulation Initiative (BPSI) Meeting

MAREKE HEXRZE RBE
FINEEEAN EREZR

1. IRESOBREER

JISRTTFRFTNC B W TIL, ZHVE TRAKRT & OLFEEIC L0 BIREE Y 7 X~ Hiih
a— FHEEEZRERESYE., TEIE2IToC&l (Fuy=27 b0FEMZ
http://p-grp.nucleng kyoto-u.ac.jp/bpsi/) . Z D717 NI, BMFE TERET T A~iiE
a— R X DEEEREEE X AT I 7 AOHT] (2004~2006), A =2— K2 X % ITER
TR D2 )F AT — /VEIZ BT D EHIAESE) (2007~2010), [ R A X LT T X<
DFEFFRIIME T I 2 L— 3 > a— ROBIJE (2008~2012)% 2 L » THHINC E S
T& 7z, BHEOIEENRILES L OWREEFE OIS ENGHE 2 & o CRURHS & 2 E4ERME L T
5o ARITHINEIHERDLN, 2056, F2E~H 8 B E TSI #HFEHT O I [FF
RESELTHEBLTEREEERNOS, ARIX e XVT T AR BEIER L, Fl
7T A< LN T T A~ MHD B4 Lk Big: . m koL X —hi - L ELIREE, NEL - B
TERE & REFMERSEOEABHROBEEET V /7 BIRZEDO Y I 2L —1 3 2O T,
AFENR T 7a—F L LTEmMLEL D L7500 TH D,

2. BHfER K
BREHEE : 2013 4£12 A 19 H (K) — 20 H (&)
BAMESGAT © JUN KIS I ERT 2 PRk =
RETEI 24 . BINEE 31 4

3. MMAEZDOAE

faA ZNT T A2ICBTHAEABLOREET IV ITEBIRZEDOYIaL—va D
HERIZOWTHERT 2 72O ER % 2 HIFIZh Tz - TR L7, 5E5E 24 1E 2 NERINZ
BdoHL b ~27 101 (5DbHAE=— K6, MHD 11, &Lk 31F) . ~V 84 (5
biftda— R 6fk, MHD 1 {4, ELiE 114). ITER/BA 2 1f, 4k CchH-o7-, EhbE
DEWIFERR R E Th T, ~Y BVITET 2B P~ 7 Db DITPLE L T&E 72
T EN, REAY 3 VEEE LHD IZB 2A 2 — R OERELZ R L T\WD, £z, AF
MRENZ L DEEN 10 EH Y YD HFOETEROEATND Z L% D R bET,
PUFIZRERANA 2 5P L TR 5,

eSO EEEICER L 0 Sy 2 2 L—3 3 > 22— R TASK 3 L (X TASK3D D%
RO L E 2 — % GTeiEN 2 SN T2, & L THNT e T — Z ~_— R % 72 Bl o
Ral—3a T LHD IZBIT 2 EBRGEREZHFETEH 2 ENHME I, LHD ZIZL®H
ETDHNVHNT T AwDEEY 2 2 b—a NIBEL RENTEY ., M ENLITEA
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T AREREIC R T D NBLINEA L EHFE A 4 OREINHRE SN, /2, B bix3E
BT O T D 3 — K& v NORFIRUPHE Sz, XLy FEIX U &3 DR itha
RMED Y I 2 b—a UHEAZRINTEYD , B3 IT-60U 38 L ONTER (28T 5
Ry FAREFICOWTHRE SN2, KD OIIHE = — K TOPICS (28 di ke A &
WA EFIE T2 U 7 MR o — RS DT hu A X valis a4 5 B 4
HDOBERICOWTHEN 2 SN, W) ST MHD T — RIZ X 2 Bl #ra 722 208,
N~ A7V vy RFUFIZEBT DEISAM 2t TE D REMEN R Siviz, R D
DIXmERLFOX A FI 7 AL MHD ZfAGDOELI AT v Ry Ialb—a ik
STT NI RUEEE— FHBEORZ BV O ER & O N s Shiz, 55, AR,
FERNWBIZ NI~ BIUONT INT T A<iZBWCIKEET VAW, BZERH725
TIHRIEEBRRO L I 2 L—r a URERDRE SN, INEDLLIET T A< TAER S
U5 hole & blob 252 7 fHIRK DL S 72 BT H - RKENZHSOWTIRE D 72 Sz, Lesur
M OIIMFRZERIELR D= D DRFEL I 2 L— 3 VBT ARFERNIC YW TERN R SN
Too FEMEFIELHEREZ LT D, KB DITEEM B OKFBREIZ OV TOE —FEH Y I =
L—a URERDNHE SN2, 2 A DI EBEEE ISR W T L ZER e il E 2
&I, G T T X~ OGS & BIEM T T2AFERM T2 5 Z LR E Tz, BILns
IZITER AT T YV 7DD 7 L— AT —27 & EU O FLAIZOW T, /NI B ITE
R v 2 — DB OW TN N H V. ITER AT SN TS Z & 2K E SH72,
AR S 5 12 [RIAFSEE & TUN R TR T 2 << ISP e pr LR EIZ IG5 3 5
ZEEPEL, S LR,

4. MAELRTv T T A
(20 min talk+5 min discuss or 15min talk+5min discuss)

12 A 19 A(K)
9:00— 9:10 (XU ®HIZ @i ER)
(EE - f&1l)
9:10— 9:35  F{E 1-1 #k (RIST)

Heat Transport Simulation in LHD Plasmas Using the TASK3D code
9:35—10:00 7 1-2 AL (51 TIHHS)
JT-60U (21T DR b o 2 LREVE DS
10:00 — 10:25 747 1-3 HE (R SR
NI~ T AICBITHITGEE Z—/V RNV ADY I 2ab— gy
10:25-10:40 AR
(EE : B
10:40 - 11:05  #7HE 1-4 RAR (1 T15548)

Simulation study of nonlocal transport from edge to core in tokamak plasmas

11:05-11:30  Z&% 1-5 b OER)
LHD IZBITFAETI 79 A~DHEEYIa2lL— gy
11:30—11:55 247 1-6 BH (RS

NYINT T X TOA A AR ABLELRIZ B T 2 BMEBSR B OET U 7
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11:55 -12:15  ###H 1-7 Paf (FUR)
ANUF B TONBI /7 AvICB T A8 A4 70 —0F—2 0 MNEZH
VN T BB fRAT

12:15-13:15 Bk

(BB« R

13:15-13:40 35 2-1 M (A TR )

Ly MZELS EIM flioiay I a2 b—a v
13:40 — 14:05  ##{#H 2-2 AL (R FIR5A)

Ny PART T X2, RO R 7 ME#EOET U 7 L ERR L DL
14:05 - 14:30  ##{# 2-3 TE (JLLK)

AF YA 7 a haNMENCET D7 T X<k & RF > — ADOMHAAEH
14:30 — 14:50  ##{# 2-4 PIH (LK)

One-Dimensional Transport Analysis of ECRH Assisted Plasma Start-up in JT-60SA
14:50 - 15:05 K&
(BEE: : #K)
15:05-15:30 i 2-5 I (FR)
Enhanced neo-classical resistivity due to the m/n = 1/1 MHD-mode deformation for
tokamak hybrid scenario

15:30 — 15:55  ##i# 2-6 ek (BZmha b

Ve RS 4075 2 FH VO 72 MHD =2 — R OB 3§
15:55-16:15  Zi 2-7 MR (LK)

FLIREHHIS R 2 L— & & W - JEhR B o B O S 72 e
16:15-16:35  ##{#H 2-8 e R (LK)

EARAEE T D ELEE Y R 2 L —a v
16:35-16:50  {KEH
(R : )
16:50 - 17:10 7 2-9 NE (LK)

SR — ARSI B T ke T Y v
17:10 - 17:30 &1 2-10 Ki#E (LK)

B T AT IR DK FE DR RS & OMEF~D IS
17:30 - 17:50  ##{H 2-11 HOLR)

PARASOL = — RIZ XD N~V il 7 7 A~Dkifv I alb—a
17:50 #=
19:30 —22:00 ZREIE

12 A 20 A (&)
9:00— 9:05 FHFEEAS

(EE : RAK)
9:05— 9:30 #H 3-1 il (R

ITER T U v ZIEE O E R
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9:30 — 9:55 i 3-2 B (e bt
WS AT A A — N TASK3D (a,p) BAJE & LHD F2EriE FH o
9:55—-10:15 i 3-3 &R LK)
TASK/TX (2L D M~ ki figiky R 2 b—a v
10:15-10:30  {K#E
(R : #R1L)
10:30 — 10:55  ##i# 3-4 e (e wh)
DII-D 2B T2 TNV T RUEGE— REEHA A kDI 2 b—a v
10:55 - 11:20 ¥ 3-5 Lesur (JLX)
Scheme-independent error in entropy conservation in turbulent kinetic simulations
11:20 - 11:45  ##J# 3-6 /IR (A TR
ITER =R FEHRE & —
11:45-12:00 F&® RAR
12:00 - 13:00  BYR A
13:00—17:00 KRATRLX—TF+—F LY TV F32AF—E24
17:00 #=

5. 2MFY X b

K4 GivE! K4 GivE!
HFHEIT Jf- TR B —RB Bz A At
ANG1EUN Jf- IR BRI Z Bzt A At
N i Jf- IR T A L PR T

ENE S Jf- IR fic AR 3% PR T

R LBEZ Jf- TR OESSgES LN T3k
HPESE J - TR KiE— AN NIVl
RATERL Jf- IR PR EZE TR T4
AL RIST thix K& UWNIVAL
W e KL U6 e P NIVl
BARIEIT KL /INEA N
w7 HKRL Maxime Lesur YW NGl
e KL N7 e N 3=
P it B FRT 2 AT o P N 3=
PIHFnEE FRT 2 e KA JLR LT
Ve R = EZRhA At —Hmtt K N 3=
R IR Bz A At

—192—




*

\Ll

£ [F]

Wk 2 5 E

T RV — 1458

J,

FER R T



25 1% 4-1

AMBRBERICE T HBRREDE AR

FER BRI A E TP e R Il

1. Bi 28.6°N

JUPMITE RT3 28 < OYRBEROW= D3 AL LIl 058 .
WAL . L2 AN, HESEEDERERS &, W BEKRS
ViR FE DM M BT 5 BAMARHERSIFE A LR, P2 T e EEAE
JUNZ 31T 2 BB DO FANTB R L et 5 72D D 28°N

28.16°N AEEIR

B LT, AR CHERBREE RSO RBIEE @ —mr N N
1) BT ARV =R T Uy VAR T H 2 2g12en| DIATEME 23
il 129.2°F 129.3°E 129.4°E
2. BIEARNE K-1. KSHEEEOALE. FRFLIT ADCP & &)

i, TNy F 13 ADCP R IR %
K EVEE D P O WFZEf A ® 2 5 5 72 D12, 201045 ;@ HONy T FABLI ek Ao

HI12H ~6H22 BIZEH & X L OR2ZFFARTR AN FE i L 7=
ADCPE E &L L U201349 A 6~7HIZFE B RPN HE
Jiti U 72 ADCP B AMLBLIAI D15 b LTzt T — & & Hu iz
(R-1). BUSBLANE 72\ Tl it i A% - £ B
DR T —F 2G5 Z L3 LW s, BiEET L
TR EBEIC I T il & FHE L, =xLX—
KTy /VERME D2 EailAHic. R THWE
¥ fE € 7 /1%, Finite Volume Coastal Ocean Model 07.9°N e Sk
(FVCOM; Chen et al.,, 2004) T %. fEEHipF—x L 1220F - 19sE
T, BARKBBEN DRSS NTO 7~y g G afe, B2 TTIOH AR SAT > e BT
B L, KEBUBIZIBOTIE, 20134E11 H23~24 H OB
BN X > TRON-BRGEOKET —2 28 L. @ e
BRSESICIX, WY 7€ 7 /L (NAO.99b; Matsumoto

et al., 2000) & HWCEHE L 72 EEA50 8 OB HRIE 2 5- e m/gl

27, Ei, ALY —EWAT 5 LT, BER 2otz “

TOPENFIZ0IT/2 D L HITHRE L TWD. 7 Lk 28.116°N :

&R0 RT —— X B
201349 H 6~7H OADCPHEMIEIHNIC L > TH B I72K ) 129.34°E 129.35°F g

EAMIZ BT Mt O o2 €7 LV CHE SN D 28.128°N | =

O & i L CRS3ITRT. SR B2 DZER S A A E Y —_— 3

IZITAEFE S TWD2, EEMICIEEZSBITWS. 2010

FESH 12 H ~6H 22 H D ADCP & & 81 1| #1500 itk & 1% e

T — (W/m?) BT VOFFERBR L TAL L (B 28.116°N

-4,5) , B F BRSO BRI S L 0 b/ NaEm & 72 28.112°N

ST Bz, BRIGEIZOWTIEKI.0m/s, Bl ST — 129.34°E 129.35°E

D15 BAZ I DU TIEAIS00kW/m? D 75 784 LT o BJ-3.2013 4= 9 J§ 6 H 17:00 IZ451F 5 /KTR 4m

T O D 22 [ 5347 (a) %E(EJ (b)ET L
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B. % T, ADCPIE B 00 Holf 35 5 5 4 B . obs
THIEZHE L E-50)], = OmiER % KB4 A 56 27
T 52 L& o TREHEED 1SBAEEHM T — % B8
{5 L, REHEEFARELRZ  CTRlE ST — 28K & ek
WDIFET D EWRENTZ[K-6(a)]. = Ok iRt
(-6 (b) DB TOISBR DR VX —RT v /b

RIALALS [mis]
o

(W) (1584 C Wi i V-2 - S 7 —= Wi . B-6 (b) 2t
B 13H92,400MWICET D Z E b o T, 3 I
3. 4k 3 2 -1 0 1 2 3

A & BB RN S, IR B IR E K E O K BEVEE A [m/s]
B-4. 2010 £4E D 7E R 31T DB &

B DWROTRNF =BT oy VEHFER LTC. TOMR, oL e me ik & o
HEBEBETIC BT 15 BRI D R LF —RT 2 )L

# 2,400MW ([ZEET DUHEAFAET 5 2 L& R Lz, Ziud, —EEER 8,500 Hty (836 K Btk
DOFKIZE) D17 H ﬁﬁi%%jukﬂfgéixwk RT XNV THD I ENGhoT.

HEE  KISHEIE T O ADCP EEBIHT — & 2P < $2fE U CTTHW 7255 48 Dl B R TAERIC TR < i
EFET

6 >
TE_ 5+ 3 i o
& ,
& Gy ]
= <D —P [W/n?] [KW/m?]
E > 1 28.15°N -
P:—pv o
2 Ty}
0 HEFE (1024kg/m*)
YR EE (/) S
5 s 45 6 BN oo » 129.3°E 129.4°E || -
FVCOM [kW/m2] : . : : 9
; i : ' ' (o]
28.128°N
@]
FO
28.124°N N
o
28.12°N IE’
28.116°N o
28.112°N
0 1 2 3 4 5 6 129.33°E 129.34°E 129.35°E 129.36°E
FVCOM [kW/m?]
BI-5. 2010 OB & T 7L HE D B-6. 15 BT DM 7 — 02534 (a)
1 BT T — D R (a) # IERT, K BRI A A, (b) K s YR B4k
(b) #H IE#%
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25 15 4-2
FHNFLRANEET 7 — LADBRTPEFEREICET 25

JR B RAR A e LA e R
N ]

1. HEREN

BIfE, NMRYE, KBROKRZYE, KRR S X OCRMEMHED S 4 2 fli#ic <, #EXPE R 7 7 —202
BI§ 2 JLEfFE R TR CTh 5. KEZZOFE L 72 3506kW BURE L » AJEEH % 3 HEWML, 7v ¥ 1
WCHBEET 2 KL EAMA T LIMW OFEZ i E T 2177 bThh, #HX7 70 Mg
X I THIGEWERZ LCWwa, AR TlE, ZORER 75 v P oI, 258, W, B
BrEZRLBERTTO7 7 v FOEFREZHO T2 L 2HNE LTV S,

£7:, PERBENFEE IO AEITICHRET 5 720, WE OWEERGEY & IZREERE LY, A -
JEOE D & E WA ZEHE L, AN ZHEL 2RIONER N2 EZB T3 L wo kit Th b, 2Dk,
AL T H Z DAL > TEHEZ1T ).

2. RTE

TR T 7 v OBRTPEERERENTIE, M TIA S v s T a R EREE T ). 7
B LT, (R, 3%, BEoPEZEEL M2y, BlEEtE2 s 5. FiCEH ETHE
B BRMOLEMECOWTEHMIIY 2 2 &, 72 RE D BUESHIO BRI fJAZ B2 WIEIC§ 2 2
EDHETH 2.

E70, RIS 28 WIS & 2R 2 BEFHRIC K DEH L, 2 D&M 2Bk L 7Rk
LCEtEZ1T ). IMOIR & 262 B L 7R OGHRR R 2 i L, £%2179.

3. HAFEHER

AL TELD & 9 ik Tiro 72,

K4 il k44 el - Y
A b | AR RAE LA R oL ¥ — - BRI Pz RFEH
g I8E | AR RERAGE LA RHmIE - BREE S R 7 A9 | &4 2 4F | FEEhdih
NI AP | R EREREBE LA RHmE - BREE S A 7 A8 | &4 2 4 | SEEelinh
FEAK F°F | JRERERAEDE LA RHmE - BibEs A 7 L8 | &4 14 | i
Py A0 | A ERERAGE TAAFaRHmIE - BRET S A 7 A9 | &4 147 | FEBRhlih
mfE & | IRERERAGE LA R - BREE S A 7 A BB | B 1 AE | FEERAIE)

IR IE | KRBRRSERERE T2 R AA o T2 iz FEBRFGEHT

i b 38 | RBCRSAR R T A2 R AG v T2 6+ 148 | EERinh

b B | KBRS T2 R 2 T2 et 14 | SEERkiinh

B Rt | JUINRAIS 2R T ez | eI
4. REBX*

HEIN T LHENDAD R - BEROWRIEMAZEEL T, RARVIRE L 72, MHEOMERSE
% Fig. 112R7,

SR« BERFOYERIMIHR U TRERDI2 5P 1172 3 X ) ITRERMNEE S, IFOEE 120 mm,
KA E R 274.4 kgf/m & 2o 7. REROPIEX % Fig. 2 1IR3 T, REKROREIZ3(0m, > vh—>5
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I:"—— 15 sec.
S Miapion, 2NN
Fig.1: 5
SR A E COMRPIERE 324 m £ > Twd, EMO L) IRED 7 —T 4 ¥ 7H80 6 2 R, 60
degs. B L TRHE I N/ 7 27 ) =¥ —ZRYERE LTS, FLEHEABKET 7TmIZd D, HES
] & 30 degs. Z 2T THUD i o5,

V4
A
T yy
PN H =70m
T U
T—F4Y ~ A >
v 0 N
< 7 > S (m) [ 3500
do (m) || 324.0

Fig.2: fREAMENEX

BIE SN AR B ORERHEZ Fig. 31TRT, 77 7 Otk & RMA 23R LT3, KV
DT I o0 T, RUICHKRELZADBIN TR 5 Z & 2R L 72,

T, Ty, T (tonf) n/2-¢ (degs.
500 V" ‘ ¢ (degs.) 100
- -90
......... T, ]
400 H - = = T, 80
L T ]
_____ /2 '//[ ] 70
300 -7 60
// 4
L // —_50
200 ad 40
/’/ [ 1
L ,/ /i —30
P A ; i
100 /’ + 7 20
- / ' 4
- APt
[ =" —%:“""— 7110
OE o g e o e = -_u—’ 1 L 0
300 310 320 330 340 350
d, (M)

Fig.3: tR¥E R
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5. STEER

REINTV S X I 7RHEDEIE 1% Fig. 4128 L, FEHZ% Table 1 1IR3, AFHE T,
WmEfy, BIAEZAH G % Figd DX IHICERL TS, HEIBFEER-—ZATIT>TED, iKEHE
L CHE p=1025 kg/m? £ LT3, &8, REPERIZEHEMOER L BOED o BER L 7 ff % H
LTCWw3, AFETIEAEZ T0m & LTHEZIT>TWES,

incident wave J

'4

Fig.4: tHI&T

Table 1: EHH

V (m?) | 22214 || yg (m) | 0.0 | z (m) 0.00 | GMT (m) | 15.19
L (m) 7794 | zp (m) | -7.2 || y¢ (m) 0.00 | GML (m) | 15.19
B (m) 90.0 | zg (m) | 0.0 || So (m?) | 59.15 kr/B 0.302
d (m) 10.0 || yg (m) | 0.0 || S11 (m?) | 64286 kp/L | 0.310
rp (m) 0.0 || 2g (m) | 6.6 || So2 (m?) | 64286 kpy/B | 0.391

5.1 EBEN

ISR S T, A0 S, BT 2RI E, AR EE I EIRT 2 2 L TRk
AT B5ERe & B et X\ 2ate x5, e x 2@ BT, Bamin B vsfe
JA LT 3840 T /5 st

6

S {Cy+ X0 = FT 4 FP (i=1~06) (1)

j=1
TERINDG, TITH; BIBARER VY vy IR, Cy 3EENI= Ny 7 ATH S, & IY7HF
KDY, BHEYI OFEIRNTTH 2 DT, WERIZMH L TRD 2, IFHEDFHRIC Table 1 2 H]
W Oy REMET B, ERAMRIEBUNE LT, O BEA—D2 b v 7 22 /AL CTw 5, REEEL
RFPHETH D, 0 & HOLHHIER LICHFES 2. £/, BEREANFRINC S 5 DT, Cs,Cy,Css
DAz £,

Lo L & OB E o TR o N 3 @AM R X, REMOBHIC X 2B AR ERDENEE
BLTOuARLLDTHD, EWEMPMANERE L EOEMELE %%, 2 TR 6 IERHEE %
Y5 L, RGNS, (RN AALE, JREGIOE N RPENL, ZUECET 5 L' — X
Y EBET B, 29 LCHIFE TR T 2 BRI L TR X @i FMY L
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fiiz k 3wy FTO RS 0T, s 2 TP R

6
S yx = FMOXO) + FIOX) (i=1~0) (2)
j=1
wifE, HLwsiht X 2152, COFREERIEL, BUEEIGERIC L Dk 2, IEGH
DHEE L TIE

Xk = (X alloo < 2 - 1 el oo @)

ZRAWTWS,
Fig. 512, JA#%Z 0 ~ 60 m/s TEMI W mmf =0 degs. D & ZE DFIEFIREIC X 2 EHENL, JE
MIEEHRIC X 2 WA 2R T, JAH 20 m/s RO % g L TAa 2 &, SO

X3 (m) X1?, X2 (m) X4 x5 X6 (degs.) X3 (m) X19, X2 (m) X4, X5, X6 (degs.)
2r100 I 20 2[00 ‘ 2
| eof g sl .
151 80 . i;«w 1 15F 80 . i;‘“’
[ 60 == == X0 [ 60f = === _
1 j40 . X5 T 10 1 7_40 o — X5© _ L.-""q10
Ll ——— - X6 // M---- X6© =
05h , ] 05k -
20 — : 20 L
| I e = q4e= I L Lo
of o — . oL e i i— )
05120 | 05[-20F ~~k
[-40 40 ~.l
Tl 410 af f So 410
60 M0 R
15580 15140
2H0— 5 "20 30 40 = 50 6020 2700 "Hg 20 30 . 40 50 600
V (m/s) V (mis)

Fig.5: HAIfY =0 degs. D & T DEHENL (Fe + BIEFIERER, A @ IERIEEHERR)
(4)

Ls, 200 X0 yvulins, (4) 223 E, BHEOEHETINICEDIFEEEXZ57m N 7
FET2DIZRL, FYLAIZHTD 0.3 degs. TH D, ZIUIRHEKD surge FilAl & pitch J7 A DKL
5y Bis, B IS & D B Y MMM S ZIAEN TV EHETH S,
IR ERE RIS LT, (RS OZh % B8 L - A S SR

X = 4.81 (m)
X{” = ~0.05 (m) (5)
XE()O) = 1.58 (degs.)

L%, 200 X ien L ase s THE. BLZ48m FUZFL, 1.6degs. MU A
L 7 RIEDAK D THHRIE T H 2. MIUFIFIRESL & T % & surge D ZALIE 15% W, pitch F1A
DERIFKISE Lo TwD, Fho, WHHEOMETIERS Nk D5 % heave HIAINDZERIHER &
Nz, THUTEFEMZERE TS 2 L2k, SBPAREBICHERENEN D THE LEZ NS,
FERIB A2 E R~ b Y v 7 A2 HEL To L, WHRETOMIB A2 E 5~ F ) v 7 2% (6) 1<
A, HLE =1 ~3DEA I kef/m, i=1~3,j=4~6BX0i=4~6,j=1~3DEHZ
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kef, i, j =4~ 6 DAL kgfm TH 5.

0.516E + 04
0.000E + 00
0.000E + 00
0.000E + 00
0.118E + 06
0.000E + 00

0.000E + 00
0.516E + 04
0.000E + 00
—0.118E + 06
0.000E + 00
—0.614EF 4 00

0.000E + 00
0.000E + 00
0.531EF + 04
0.000E + 00
0.000E + 00
0.000E + 00

0.000E + 00
—0.118E 4 06
0.000E + 00
0.707E + 07
0.000E + 00
0.220F + 02

0.118E + 06
0.000E + 00
0.000E + 00
0.000E + 00
0.707E + 07
0.000E + 00

0.000E + 00
—0.614EF 4 00
0.000E + 00
0.220F 4 02
0.000E + 00
0.697E + 07

(6) ZHATHSB L, surge Jilil & heave SR DMRIAIL T TH 5. ZHUIHHDHI D A VIREETIZE—

ICHR & N RERITX LT, surge SFIANIHUINENL L TH heave FMNCIERA T 2284 111, SRR
T 2HDF v 2 VICEDREFRELTERERSL I EZRL TS,
JEGHE 20 m/s, BRI 3=0 degs. DZENEDIIE NN FEE~ BV v 7 AF

0.603£'+04 —0.396E—-03 0.139E+04 0272E-01 0.103E+06 —0.376F —01
—0.396E — 03 0.555E+04 —0937E—-05 —0.142E+06 0.204E—-01  0.405E 4+ 05
B = 0.139E+04 —0.937E—-05 0541E+04 0.294FE—-02 —0.278E+04 —-0477E —01 (7)
“ 0.272F — 01 —0.142E+06 0.294E—-02 0.786E£ +07 —0.117E+00 -0.170F + 07
0.103£+06  0.204E—-01 —0.278E+04 —-0.117E4+00 0.643E+07 0.220FE —01
—-0.376L — 01 0.405E+05 —0.477E—-01 -0.170E 407 0.220E—-01  0.808E + 07

E7%%, EBRICFY 7 b LEEZ FEMEE LTEAT G, 2itR L T b7, dIED B % i

mTE T,

INSDT ENS, FRBEWE 22T 2L, FEREL D ST L 7 RETHEALER D 1< IR
T 52 LIk s, FHROBGEHIZIDILZ2EEL T, ToaiifizEd % &) Ikl sha T

oI\,
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5.2 FIERERLELE

FIZERF S IEWEM 2 HE L TR 2T, WIPREBOFHER R & k217> Tw <L iGE 20
m/s, A 0 degs. TENL L 72K OMIAIK - BRI & 32 H % Fig. 6, Table 2 1237,

Z

10

5

0

\ / \ h
-5
. |
%0 B0 40 30 20 10 0 10 20 30 40
X

Z

©7=60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60

y
Fig.6: 2202 DOFIEME T (BUH 20 m/s, BRI 3=0 degs.)

Table 2: Z2f7# D FEH (JEE 20 m/s, JAMH =0 degs.)

V (m?) | 22251 | yg (m) | 0.0 | =y (m) | -0.11 | GMT (m) | 15.19
L (m) 7794 || zp (m) | -7.2 || yy (m) 0.00 || GML (m) | 14.94
B (m) 90.0 || zg (m) | 0.2 || Sp (m?) | 59.18 kr/B | 0.302
d (m) 10.0 | yg (m) | 0.0 | Si1 (m*) | 64624 kr/L | 0.310
rp (m) 0.6 || 2¢ (m) | 6.5 || So2 (m?) | 64044 kg/B | 0.391

5.2.1 AEHDEFHE

I THRGEARICE C AR 2R L7, Fig. 7, 813#t, BHEB)IC X 2 MINEEE X OREIREE
A, BN ISR L e KL 2 > T\w5, BRERECIHELTaLE A, HikHOR
BRI N, COIRBOFRNE L TZa 7L, 7L—A0THEENEZZ SN 5, JAAA 0 degs. D
LOLHIRLTED, HTOMEZHERTE /2, ZA2EEL 722 LI X D KETDORDBZELL 72D
T, A7 L, TL—ADTBHELEML 22D TH S, roll, pitch EBHOIMERICHL T, WEN
RBUC R E LHEVBN TV 2 X HITHZ 523, FHIMERICN U TREIRBDEI NS WD TH 5.

Fig. 9, 10 IZJEIfH 0 degs., I 0 degs., 90 degs. IZ& T 2RI %2R T, 18T % IR
HlNZRLT0D, B IIEREZBERTE L2 N/ LZ2E5T0s, FREHIIICEVLTS 771 2—
> a ViR & RRRICRIRIRI (RABEICHY) IcB W TREIVE o, A L ROFELHERTE
%, fERZ I 5 LRI EDRINE & - W 1R E & FRRIC, T OMEEREICE W TH s 7,
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Al11/pV
1 0 0.2 B11/pVw®
Initial state
______ Drifted state
0.5 01 \/ .
0, 10 20 Y0 10 20
KL KL
, A33/pV B33/pVw
__.__/\/\/\/_ o2 ) II
0.1 J W/ - N
05 10 20 % | 10 20
KL KL
) B55/p V oL
0.3 A55/p VL 0.05 i

0.2

0.1

09
0 A15/p VL 5 B15/pV oL
ol ah\ \ /\\/
'0'10 10 20 005, 10 20
KL KL

Fig.7: fHINEEE X OCIEIRE (fit€— FR)
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A22/pV
1 p 0o B22/pVo
Initial state
| ------ Drifted state I 3 y:
___/\/ /\
0.5 0.1 \V <
05 10 ' 20 Y ' 10 ' 20
KL KL
03 A44 [ p VL? ] B44 /pV oL’

0.2

0.1

0

0.3

0.2

0.1

0

0.1

0 10 ' 20 20
KL
ABB / p VL , B66/pVal®
0 | 10 | 20 20 ' 10 ' 20
KL KL
A24 [ p VL , B24/pVol
° N/
0 10 ' 20 0% ' 10 ' 20
KL KL

Fig.8: RS X OREENIREL (B — %)
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5 |E1/pg¢,BL x=0 (degs.) 002 IE3|/pg&,BL x=0 (degs.) 001 [ES|/pg(,BL® x=0 (degs.)
I . B

Initial state
77777 Drifted state
0.02 h A
D
0.01 H 0.005 &
0.01 [+ \ \ V
N
~ /
L T
0 0 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 1
180 Phase (degs.) AL 180 Phase (degs.) AL 180 Phase (degs.) AL
90 2 | o0 [1h —
ot o I i ,
\ [\ [ || /
-90 u -90 _/ -90 ————
-180 -180

-180

Fig.9: BIRHAH ST : x= Odegs., 8 = Odegs.

[E1|/pg{,BL %=90 (degs.) |[E2|/pg{,BL %=90 (degs.) |[E3|/pgl,BL %=90 (degs.)
3 T 0.03 0.02
Initial state
77777 Drifted state
0.02 0.02
A 0.01
0.01 0.01
/
\
0 0 0
0 Phase (d2e S.) 4 6 8 10 OPhase (d2e s.) 4 6 8 10 0Phase (dze S.) 4 6 8 !
180 h gs. AL 180 gs. AL 180 'l’\ / gs. i»/L
A X
90 Hi- 90 90 =+
o [\ o WW [ ol L
-90 l -90 [ \ ; -90 , r
Ty
180 -180 -180
|E4|/pg ¢, BL? x=90 (degs.) |E5|/p g, BL? %=90 (degs.) |ES|/p g g, BL? %=90 (degs.)
0.01 0.01 0.01
0.005 l _ 0.005 H 0.005
i/ \
| \[ ' N\ _ \
00Ph 2 4 6 8 10 00Ph 2 4 6 8 10 OOPh 2 4 6 8 1
180 ase (degs.) AL 180 ‘ase (degs.) 7:/fL \ 180 ase (degs.) AL

90
|

Ny } Mn N E
r |

-180 -180 -180

Fig.10: JEIRGE ST : y= 90degs., 3 = Odegs.
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5.2.2 JFRAENREE

TR DPAR BRI E 2 18R 9 5 72 1S, KRS, (RER, IHRICEERT 2007 — e v IcERS
% JAB T2 B U 7o) 2 S L 72,

FEIC BT, RG22 AN CEBGRAZ B D IE LIETHC 2 X DBEL T 5, Ktk

e by 2 A Ny R T 26 L7,

0.223F£+06 0.000E+00 0.000£+00 0.000£+00 —0.372E+08 0.000E + 00

0.000E +00 0.225E+06 0.000E+400 0.367E+08  0.000E+00  0.000E + 00

N —0.123£ 4+ 02 0.000E +00 0.359E 406 0.000E+00 —0.109E+09 0.000F 4+ 00
Y 0.000E£ +00 0.168E +07 0.000£+400 0.161E+11  0.000E +00 —0.104F + 01
—0.167E£ 4+ 07 0.000E + 00 0.000E£ 400 0.000E+00  0.156E£+11  0.000E 4 00
0.000E£+00 0.521E+04 0.000£400 —0.209E+09 0.000E+00 0.177F+ 11

%8, BOBRLHEONEEZF 2y 7 T2HEE L TEUTF2ZHAVT NS,

X - X
=2

REARICE VTR, AR O NP ANRER~ ) v 7 R B, 2@ BRI AUAL Z LT, &
JELTW3, 727201, BEKEIZOWTIE, FRIEIEIICE > TIRARA L 2 Eick 57280, ShiE N
DRI EIFTTD DO D E G, JEEBIAAL Z LIk o THMT 28KkEZE B L, ZodiKkE
ZWBK 10 m OFPFKEDL S Z LG Wiz HH L Tw 3,

JEAEHTIC BT, IRAEZ 372 350 kW JREED /ST X = 906, FHRDSEIRE L 72 £ & OIEE & 72 A
e L, MY, R EBE L - LT, Mo E L2 S0 BRI R AT 2, ik, 20
ol k>l 2 TEIR) EEWEH»oE8#ET 2 TH0Rb ) 2355, JEARIZE E F-—H1n s
BT %235, 20D IEERL S ZE1L 0, BAEPSECHEETBEI L T L F o7k, BFIZWGEREE: )R
RSB e 7o, § CIIZZALE T, &R L 2w 2 ED3H 5, JHmA & B o fiin
DR STOTHEHAETE L L) I7v 77 2R L Tw 5, JEH 20 m/s, FIAMA 0 degs. IZE1T 5
ZRIRIROIIES L~ ) v 2 A 7 2 AT ISR

(8)

WIREED JliE i~ F U v 7 2

Yij =

0.298E + 04
0.000E + 00
0.000E + 00
0.000E + 00
0.894F + 05
0.000E + 00

0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00

ZANRDJEGET L= b Y v 7 A

Vij =

0.298EF + 04
0.000E + 00
0.000E + 00
0.000E + 00
0.892F + 05
0.000E + 00

0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00

0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00

0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00

0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00

0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00

0.894F + 05
0.000E + 00
0.000E + 00
0.000E + 00
0.268E + 06
0.000E + 00

0.892F + 05
0.000E + 00
0.000E + 00
0.000E + 00
0.267E + 06
0.000E + 00

Fig. 11, 12 ZJAIAf 0 degs., WA 0 degs., 90 degs. DIHEH 2 /R T,
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0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.402FE + 07

0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.000E + 00
0.402FE + 07




[FEREFN B W TEFEMNOWENRHENTWS 2 L 2R L 72, PHRIE 1m DS THE L 254,
JEFF 0 degs., I 0 degs. DIRFICIE, FTERICE T, pitch D RMERE 2SWIHIRFET 1.38 degs.,
BN %R L TIRRET 1.36 degs. TH o7z, L L, 7HBRIZICA pitch ATNIC 1.58 degs. TV 5 DT
FERRITIE 2.94 degs. L Z L ICR D, FEROBRKNERM 2R T2 2 LTS,

F 72, VI 90 degs. DIFICE RN DFEEDS yaw HHE I BEZ ICBINL T\ 5, CHUSIRIROSE 2 0r
I X DR R EBDEL L, EREPHN /D TH S, BIAH 0 degs. DEN I DIFARIEIEAT R
YR CTH % 7-0, HEES) & BHESOMEIITAE L 2\, ZD 7% sway, roll HIA & yaw /7R DI T
brtEZ6N5,

NS DRTED S, WAEINTIZE TOMEL BN TR WIZ SO 6T, WIRPEIFRICIZRE 2
EXBHNTWE, 202 s, RENTOEIIFROEICHEZ KT L TWwD 2 & 2R L 7%,

L (=0(degs) D3I/, (=0 (dogs)  IXSI/k, L, 70 (degs.)

Initial state
Drifted state

2 4 1 2 "
// N — ] | T
m/ n
1 ea 05 1

i N s

00 2 4 6 8 10 00 2 4 6 8 10 00 2 4 6 8 10
180 Phase (degs.) AL 180 Phase (degs.) AL 180 fhetse(degs.) AL
I\ = LA
90 90 90 H
i | S——— d i i
%0 N I Y \Vf o |1
-180 -180 -180 'U
Fig.11: j#H) : y = Odegs., 8 = Odegs.
s X11/¢, %=90 (degs.) s 1X2|/¢, %=90 (degs.) 15 IX3|/¢, %=90 (degs.)
Initial state
77777 Drifted state
2 2 1
] SESES
1 1 0.5
0 e~ | o LA 0 MV
2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
180 Phﬁse(degs.) 'ML"\ /’l 180 Phase (degs.) AL 180 Ph?f\(degs.) AL
90 H T /l 90 90 !
o] AN oL o4
-90 U l\ ,“l’i ‘L ! % \ / \ %0 'I' \V
180 L L - -180 180 Lt
, kg, x=90 (degs)  IXSI/k, L, x=90 (degs)  IX6l/k,C, =90 (degs.)
3 S
2 ,‘/ 05
0 /’-‘N 0 \\_—/ — /

0

0 h dZ 4 6 8 10 OPh d2 4 6 8 10 OPh d2 4 6 8 10
180 ase (degs.) AL /l 180 ase (degs.) AL : 180 ase (degs.) AL
90 4 A 90 90
§
i F oL T § I
A H ! | n
-90 -90 - ! o 00 |4
P 1 1
-180 V. -180 L

-180

Fig.12: J##) : v = 90degs., 3 = Odegs.
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6 X&&H

R TIRIBREFIH - 7 i - i & E AR 2 L, 2 0% % 218 L IR HIIRIC R L
CHERIE AT S LT, HEOY S al—v 3 vICHL AR AEE L. R AL DEoN
F e DU IR T

(1) R T 2 E8W I X 282 R T 2 72 0lc, BERHFEIC X D IEHEM 2R 7,

(2) WAEDOPRMEERE 2 LR T 2 20l Ktk R, BEUEHZ2EZE L E#EHREo 7 LT Y X
LML, SR T0 77 A2 L7, FHIREE e WA 2 BIE L 7RETHIE L,
2 frok.

(3) BREISFHEOZERIC k> TAE (UL, RADERELIC B2 RITT T & 2 MR L 2. it
RERE TR &, FRSER NIRRT S L, WHEEL D SV L RIEC VAR b 1
WIICTIES 5 2 Lo %, IRKOREHE SO L EHIBLT, THREMERT 5 &) It
SRR CTRES L,

(4) FWAETFREICE T, PR L ER LM 2 E R L 7oRE Tl 21T) &, SABRICTH T
FEDHERTE 7. T3 X —BRX ORI D FHEDOREE I M I M,

(5) JEBFHRICE VT, BESEE)ICE W TEHEEMOEENBN T2 Z L 2R L 7. EWENZ
BT LICkD, FRORKERMAZMER T2 2 LTS, RADICIFETOMEL 2281

NTVEWIZHEDL ST, JRPEHFRICIIARE ZHENENTWE Z L5, RETOEDIF
ROBFEIFHEZEZ T L TV E I E2ERL -,
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25 ¥ 4-3
BRREI—ECORBRMEICET MR

FRBRZRMAZERT EFREPEMEEI=—v N BERSF

B

2011 F3 BICRAELVCEESE 1 ORKERUE, BETRIRLF—OBREENZRICEE
TWd, KBY, BAH, WMALRERAGBARAIXILF-DHAZEDTED, BEIRILF—BZ
D1D2THD. MKBEZFMCBELIRILX—ZFAITDHOORBREMICEAL T, BRI
FENTRDONTWS, BEIXILFT—D 1 DTHIERICERT DL, ARIFHER 2 KERD 1
DTHHZEMMNEBZRNTVWBIRE, FEBICEFEFNLRRICHD, INETIEF, TR, XVF
FTUR, FEBREOHETERNS TRILF—ZID HIFMMNERLEINZ I EIFEL ST,
BRZEMAZRAZQIST) T, HFBrN S 7ZRN2BHEBFENOT IV ERICEFNTVWS L
WOHIBRIRIBZAN LT, BRABERINOMERAEZRB L. BHMISBEK DIRSH 500 m,
185 100 km [Chfc>THRNTED, ZORREIF 1~1.5m/sBETHD, COEHEHOHRICTO
RIZRORBEERBEL TREZITS, BHMAEIRKROEZEN B, FE 100 mEED
KRTEEICIND BARZONEZ, 7ARTZLOERSE D, KROFEFBHIFEAL, RIR
B> THEBEAKMNICTHD T 2, KEEIE, BEILOLEDNSHUOZF—VICTHRESN
BNERBIZEICIDFRBELRKRTELIT %, HEHOLTPICTO—NETHICED ZHR, %2
DEHEENZBRNET DI ETKRICTEREES ZKFHBETL—RICLDREICKET
%, COREIF, FHEBREICKDBFERTREICEILEESNTWVS,

SV
BRTORBEEMNE LT, FIRICEE - BIFLETL—RONASX—5 %K 1 ITRY, HEH/N

S X — % i OIST AEEEERTHA L - R Blk% ~
o — X —E 1.46 m

SO, BB CORREEEL TRESN [

. . X . AREHE  (K) 1.2 m/s
ey BRUKTL—RIE EBAZORME Ful
KBRS SRR (RIAM) 0 Sk e < g | 4.0
SRR (T o AMEE TR, BRRRICD | 7 L — Pk 3 fe
WTOIRRET D M1 ICRELIETL—RAEE Bh U —hR 0.43
BELBREBRRBOSHERT, LT | o S I

/55 HOTO—K, THICEDMNRESINT
B, CO2O0ANMETHER>TEE, TL
—RHAEDHET 2L ZOREELESE D, BMEARTIE, BMERICEILDBMEE Z I
AR 2m DUEBENSES| Ufc, BMMO—7DRFPIC, FMEHZHREL, FESINBAEL I, FKEHE
DEDEIERRTHD, T—TINIC LD BMEED X TEIFN, BRk BRIERICERL

1, 7JL—ROEENTX—%,
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BEENOBREMKEEEZANEIT S LICED, TL—ROH
HZEHELIc, UEDKEEY N7y T T, BMALE-—RZEE
Lahs, NU—cEBRAZRELT

REBER - R
BIARICLDBEONEREICNIZTL—ROHNZR2
(a), AELLENT—REDOERZR 2(b)IcRT, WEE S, AE
TR ERFHEERW—BZ Rt BITLTUT>ILLEXRFOR
AERTH, BRECHEERLSE>TED, FPEDRVER
BRoNic, e, RMABRTOARBEOEREILRETHD, &
FEFIC TAEShcER, BERTEIFEICRETH >,
BRZERMAZRERZ ELEAZ TSI SRERBEOERFAHRKZ
TW, AT =7y TPRAXRBEREZT> TLWS FETH %o

1, FRRARELLTL—

R &R ER,
P(W) C,
900 | | 1
800 0.9 cal. | —
| _ S(lll,;‘l\TPUJT L A exp.(water)NEW
700 0.8 ]
600 07
I 0.6
vl f
- 0.5
400 W i
! e 0.4 —
300 —0 I / A AN
| Y 0.3 / \
200 [ / O 0.2
100 l/ 01}
%6 07 08 09 1 1 12 13 1.4 % 1 2 4 5 6 7 910
V(m/s) A

B2, BfERcTCAESNLTL—RED, ERIDT ST (a) BEMAE—RET

L—RiAH, BRIDOTS7 (b) BEAZEE/NT —HRERT,

A

K# g Bt ®ENBH
HERF | PRRZRITKZRKE =] K&E
A TR | LERFREBRIFAMAER ITRILF— - FRIRELFT IR SRERFRAT
FPEREE | AERFAZRIZAMAER @xX RISV TLAFEK EL 24 RER BN
KM | AERFAZRIZAMAER @xX - RISV XATLAFEK 1% RER BN
R | AWNKZRR AR IR REIEE
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MRS
DRI & BERAEEMR OB,
HUESE, HITH, AT, ETREM AFMEEETIERTH 25 FESHER

NERARBY —E Y OREBRIEICET 25,
ALY, 2TRmE BERSF MTE BARMEF LIPSV 20 FEFEER
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25 % 4-4

HET RNV —RRICBETHT77/no—

I IRAVE =
FJUIN KA A B T2 b Bofs
B R

1. BB

I, CO2 PEHIC R AHIERIRBR Lo b =L — RO B LB IZ 72> TEY, HARTYH
HIERIR AL 1R 258(COP3) CIRES L7 CO2 HEHHIP B A IZ AN T, SESERE DT HIL TS,
ZOHT, HARTRNAX —FIHEMN O T EB L7220, FROEET VX —OR HIFE R E ST
1278 TUNA,

Wi TR ERTIE, H24 AR AL EIRH o R EpF st U C 2 AR H L7z =1L — B 1
B398 | 25 EL TRY, SFEIX 2 8 Tho, AF9ttERIT, i LA, w1, FIREZFIHLI-%E
AR OB B DK FEFER | BRGNS OB R 2L — a2k, FEEy - ERBRFE21T>C
WA TEE 2 IR . WAWATR G B OMFIEE 23— IR L, WFITRER DR, HEF RO AITHZ L
2 EHETHS,

2. WEESOBEAR, BT
BAMEAREE . k26481 H10H () 13:00~18:00
1H11H (&) 9:00~12:00
BRMESGIT « JUM K 1A 50T AR 6 [ W601 2

3. BETu T LEHME
A 07 T AIREBITRLTWDOT, ZZTIEEEEONEF IZHE> TE O, W N2 R AR, &
IMENSDBABZREIZHOWTRARTEL, 2B, ARCHLEWZLIIC, ZOMRESIIBLICEHERMRESLL
FAISICERY, ARG, ST X CHGE b =I 2 B LTS T,

R&D Activities in China on Utilization of Tidal Current Energy and Offshore Wind Energy
Liang Zhang (Harbin Engineering University, China)
The state of the art of the research and development activities in China on utilization of tidal current energy
and offshore wind energy is first outlined. Some major research projects are introduced. Then researches
which are carried out in Harbin Engineering University are described in details. A series of analysis methods
have been developed in the past 30 years on predicting the performance of turbine, floating body and mooring
system. Three on-sea experiments on floating tidal current energy converter have been successfully carried
out.

Observation and Simulation of Tidal Current at Goto Islands, Japan
Huihui Sun, Yusaku Kyozuka (JUM KZ%)
FVCOM was employed for estimating spatial and temporal variation of tidal current in the sea area of Goto
islands with the open boundary condition based on Matsumoto ocean tide model (NAO. 99Jb model),
submarine topography generated according to the corresponding water depth from actual measurement and
public database of JODC. Modeled results using FVCOM were validated against measured results in the
aspects of tidal level and current. Characteristics of tidal current in the main straits of Goto Islands during
flood and ebb were analyzed and concluded. Sea areas with high current velocity were confirmed.

—211—



Wave-Energy Absorption by an Electric-power Generator Installed in an Asymmetric Floating Body
AR IE, I F5L ORBRR)
In the present wave-absorption model, an electric-power generator is supposed to be set at the center of a
smaller cylinder which rotates without sliding on the interior circular surface with larger radius of an
asymmetric floating body. The floating body responds in roll to the action of incident wave, and due to
coupling effects between the floating body and smaller cylinder inside, the smaller cylinder rotates and then
the electric-power generator installed in the smaller cylinder generates electricity. When only the roll motion
is allowed for the floating body, the conditions for maximizing the wave-energy absorption efficiency can be
derived analytically. It is also shown analytically that if an asymmetric floating body has a special feature that
no wave generates on the lee side of the floating body, the maximum wave-energy absorption efficiency
becomes 1.0 only with a single mode of roll motion. It is also shown by numerical computations that the
wave-energy absorption efficiency becomes higher around the two resonant frequencies in the swing motion
of smaller cylinder and in the roll motion of floating body, and that the total wave power absorbed can be
large by tuning the geometric parameters of the device and the damping coefficient of an electric-power
generator.

Fundamental Study on WEC as a Floating Platform Motion Suppression System
Kangping Liao (JULNK5)
Although floating offshore wind turbine (FOWT) can extract large amount of wind energy in deep water
region, it often suffers from large amplitude motion in heavy sea states. The large amplitude motion will
reduce aerodynamic performance of wind turbine and result in additional structural loads. Therefore,
suppression of floating body motion in waves is an important task in designing a floating wind turbine system.
Since the energy to drive the floating body motion mainly comes from the incident waves from the incident
waves, a natural consideration is that if a wave energy converter (WEC) can be used to absorb part of the
energy from the incident waves. In this presentation a new WEC concept that can be installed in a
semi-submersible type floating wind turbine system to suppress the floating body motion is introduced with a
series of fundamental studies.

Ocean Tidal Energy Development in Ocean University of China
Shujie Wang (Ocean University of China, China)
Recent research and development activities in Ocean University of China on marine energy conversion
technologies are introduced. Important results of fundamental research and practical application on wave and
marine current (tidal stream) energy converters, vertical axis wind turbines, micro wind turbines,
electromechanical integration equipment and apparatus are presented.
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In this study, we have used FVCOM (Finite Volume Coastal Ocean Model) to simulate the tidal current in
the sea area near Kakara Island and checked whether the simulation could reflect the real tidal current or not.
We simulated the velocity distribution and the simulated flood-tide and ebb-tide could almost reflect the real
phenomenon from filed observation. In a word, this simulation by FVCOM can help us to understand and
characterize the tidal current and select a proper place for tidal current generation.

Robust and Accurate Unstructured-Grid CFD Model for Multi-Phase Flows Including Free Interface
and Moving Body
Bin Xie, Feng Xiao (B T K5)
In this study we have derived an accurate and robust scheme on unstructured mesh for incompressible fluid.
The numerical test shows this method is more accurate and less mesh dependency compared with traditional
FVM method. The present method provides a practical formulation for real-case applications that
well-balances solution quality and computational cost. The present scheme has been applied into multi-fluid
flow. The numerical tests show good agreement with referred data and strong ability to deal with various
problem.

Recent Progress on CFD Development for Simulation of Floating Wind Turbine
Chen Liu, Changhong Hu (JUI K5)
New improvements are presented on development of CFD model for simulation of a floating offshore wind
turbine (FOWT) platform in large waves and strong winds. The CFD model is a Cartesian grid method for
multi-phase free surface flows which contains a CIP based free surface flow solver, a wind turbine model and
a mooring line model. A comparison computation against an experiment with a semi-submersible type FOWT
model has been performed for validation of the CFD model. Reasonably good agreement between the
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numerical simulation and the experiment has been obtained on floating body motions in large waves.
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Abstract. A method is described to characterize the uniformity of interlaminar fracture
toughness of laminated carbon-fiber-reinforced polymer (CFRP) composites fabricated by
the modified vacuum assisted resin transfer molding process. To prepare specimens for
Mode I fracture toughness tests, pieces were sectioned from the inlet and vent regions of a
CFRP plate ([+30/-30]¢), with a starter crack inserted. The specimens were packed between
two rectangular epoxy plates to apply a load using a universal testing machine. Acoustic
energy signals were monitored using two sensors attached to the epoxy plates during tensile
loading. The difference between the material properties of specimens from the inlet and vent
regions of the CFRP plate were statistically compared using one-way analysis of variance
(ANOVA); we show that the specimens showed no statistically significant differences in the
interlaminar fracture characteristics depending on the part of the mold from which they were
taken.

Keywords: Interlaminar fracture test, Laminated CFRP, VARTM process, Acoustic
Emission analysis.

1. Introduction. Laminated composite materials are particularly prone to damage from
delamination due to poor interlaminar fracture toughness. Hence, the interlaminar fracture
behavior should be investigated to improve the material properties of the composite. We
used the double cantilever beam (DCB) method to investigate Mode I toughness, and test
procedures were standardized for the measurement of the critical strain.

Several studies of interlaminar material properties have used the DCB method to
characterize the interlayer bonding strength in composite materials (Arai (2008)). However,
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the DCB does not account for intraply cracking or cracks jumping between neighboring
interfaces (de Morais (2010)), and a large bending moment may occur during the test. In
addition, since typical specimens for the DCB test typically have a length-to-width ratio of
5:1 (ASTM D 5528-94a (1994)), these long specimens can result in excessive wastage of
materials in preparing specimens and, furthermore, if acoustic emission (AE) measurements
are used, the sensor should be placed some distance from the crack propagation path
because, if the specimen is placed near the crack propagation path, it may be subject to a
large bending moment. If the distance between the sensor and crack path is large, the signals
are attenuated when they reach the sensor.

Some studies have suggested the use of a modified DCB test, and have reported interlaminar
fracture testing methods that were suitable for types or shapes of materials (Chen (2001)). In
this study, a DCB testing method is described for investigating the interlaminar fracture
behavior of composite materials, and applied to composites fabricated using vacuum
assisted resin transfer molding (VARTM). The VARTM method is a composite fabricating
process where thermoset resins are injected into a mold through inlet ports, and coring
materials contained in the mold are saturated with the resin by the vacuum. Hence, non-
uniformities may frequently occur between the inlet and vent parts due to incomplete resin
filling. To address these problems, we applied an additional treatment to VARTM process.

The purpose of this study was to apply the new interlaminar fracture testing method to
investigate the mechanical uniformity of laminated CFRP composite fabricated by the
modified VARTM technique. Specimens for Mode I fracture toughness tests were prepared
using a single-notched CFRP composite and epoxy plate. Tensile loading was applied to the
specimens, and fracture behavior was monitored by AE analysis in real time. The uniformity
of the test results was statistically compared.

2. Material and methods Fabrication of CFRP plate: Laminated composite specimens with
a single edge notch were fabricated using a modified VARTM process. Fig. 1a shows the
transverse flow of the VARTM setup; additional treatments were used to the typical
VARTM technique: a rigid covering of the mold for compaction and smoother surface was
applied. Carbon fiber fabrics [SAERTEX] were laid in a one-side mold with a [+30/-30]¢
sequence. Teflon film was inserted to create a starter crack in the two edges of the plate, as
shown in Fig. 1b. The fabrics were sealed in a vacuum bag, and then the resin [Nagase
ChemetX] was impregnated with fiber layers using a vacuum. The whole process was
performed at room temperature.

Preparation of the Mode I fracture test specimen: Samples were sectioned from the inlet and
vent parts of the CFRP plate as shown in Fig. 1c to form Mode I fracture test specimens. To
make the 5-mm-long starter crack, the following procedure was used: (i) we removed a
section from the edge of the CFRP plate using a diamond wheel cutter along an orthogonal
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direction of the longitudinal Teflon film; (ii) we opened the starter crack in the separated
plate using a razor blade, and measured the length of the Teflon film; (iii) a cutting-plane
line was marked on the surface of the main CFRP plate, considering the location of the
Teflon film. The pieces were packed between two rectangular epoxy plates to clamp the
specimen to a universal tensile testing machine (Zwick 250, testXpert), as shown in Fig. 1c
(Arakawa (2010)). The epoxy plates were attached to the CFRP piece using the same resin
used for the VARTM process. The resin was carefully applied to the interface between
CFRP and epoxy plate to prevent permeation into the CFRP layers. The resin was allowed to
harden for 24 hours at room temperature, and the two plates were directionally aligned using
two frames to prevent dislocation of the specimen shape. After the resin hardened, the
frames were removed. Using the above procedure, a relatively small amount of CFRP was
required, compared with the typical DCB method.

Epoxy
(b) ©
Vacuum bag Teflon =3 -y
(a ) film 2
Resin distribution media AE sensor <
L]
Drive film . \.___
Vacuum g CFRP plate CFRP - EX
et Vent 1
! Starter crack —-___ g
t 1]
] w
Resin \ s | ™
N 2 [ B
Rigid covering mold Imm
5 mm it
yoo |2
L x Unit : mm

Figure 1. Specimen preparation procedure. (a) Schematic diagram showing the VARTM process for specimen fabrication.
(b) The location of specimens taken from the CFRP plate. (c) Illustration of the specimen for Mode I fracture testing with
AE monitoring.

Tensile test & AE analysis: All tensile specimens were characterized under displacement-
controlled conditions using the universal tensile testing machine, with a constant crosshead
rate of | mm/min. The AE signals were monitored during tensile loading in real time. The
two-channel AE detection system MSTRAS 2001 (Physical Acoustic Corp.) was used for
recording the AE data from two AE sensors, S1 and S2 (Physical Acoustic Corp.), which
were attached to the epoxy plate surface using vacuum grease and mechanical fixtures, and
the distance between either of the two sensors and the starter crack was 35 + 1 mm (see Fig.
lc). The AE measurement used a 40-dB pre-amp, with a threshold level of 40-dB and
sampling rate of 4 MHz. To determine the fracture mechanism, the fracture surface was
observed using an optical microscope and a scanning electron microscope (SEM) after the
test was carried out.

Statistical analysis: One-way analysis of variance (ANOVA) was used to analyze the
differences between group means, and Tukey’s post hoc tests (p = 0.05) were used to
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determine the statistical differences, K;, and cumulative AE energies of specimens taken
from the inlet and vent regions. Here, the null hypothesis of the one-way ANOVA was that
“there is no difference between the means of variables”, and the significance probability
value (p-value) was the probability that the null hypothesis is true. For example, a p-value
less than the predetermined significance level (0.05 in this study) means that the null
hypothesis can be rejected with 95% confidence.

3. Results and discussion 7ensile fracture test and AE analysis: Figures 2a and 2b show
typical tensile load and amplitude distributions of the AE signal as function of time for the
inlet and vent specimens, respectively. The specimens showed similar tensile load and AE
amplitude characteristics regardless of whether the samples were from the inlet or vent
regions. Table 1 lists the average cumulative energy of the AE signal for inlet and vent
specimens. Here, energy is the integral of the rectified voltage over the duration of the AE
signal. Although the mean value of the cumulative energy for samples from the inlet was
around 13% lower than those from the vent, there was no statistically significant difference
between the two groups (p = 0.158). This indicates that a similar amount of fracture energy
was released during crack propagation from both sets of samples. R.J. Johnson (2003)
suggested that mold filling during VARTM is the most important step in the process, and
that defects often arise in a region of local low permeability, and may depend on the
distance to an exit vent. However, the CFRP fabricated using VARTM in this study resulted
in specimens where the material properties did not depend on the position within the mold.

300 120 300 120
= L 100 & =~ 100 2
< 200 - o Z 200 Z
Q. = a %
= 80 2 _ - 80 T
S 100 & B %004 2
| 60 <FE o - 60 E

0 - H 40 o =l | Y 40

0 10 20 30 40 50 0 10 20 30 40 50
Time (s) Time (s)

Figure 2. Load-displacement curves and the corresponding AE behaviors for the specimens taken from (a) the inlet and
(b) the vent.

Stress intensity factor: The stress intensity factor of the specimen, K;, was obtained from

K ,=o~ma F(a/W) (1)
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where o is the tensile strength, a is the crack length, and W is the width of a specimen.
Expressing a/W =&, we can write the stress intensity factor at the crack tip as

F(&)=1.12-0.231& +10.55E% — 21.72&° +30.39&* )

Table 1 lists the average K; values for the inlet and vent specimens; there was no significant
difference in the stress intensity factors (p = 0.695). Since K is related to the crack shape,
we can conclude that the compacting method used here provided a uniform resin flow,
resulting in uniform material properties across the whole of the CFRP plate.

Table 1. Mean cumulative energy and K; for specimens from the inlet and vent regions of the CFRP plate.

Specimen type Cumulative energy (N) K,
Inlet 2192(237) 31.6(7.02)
Vent 2479(266) 31.4(2.56)

Numbers in parenthesis are standard deviation.

Fractography: Figures 3a and 3b show typical fracture surfaces for specimens from the inlet
and the vent regions, respectively. They exhibited a similar fracture surface, and rough
fracture surfaces were observed after the starter crack area due to very rapid crack
propagation. Resin matrix cracking, fiber-matrix debonding and fiber pull-out were
observed.

Fiber pull out &
Fiber - matrix debonding

Figure 3. Optical microscopy of fracture surfaces of specimens taken from (a) the inlet and (b) the vent.

@ Springer

— 241 —



S.-J. Yoon et al.

4. Conclusions

We have experimentally studied a new interlaminar fracture testing method for Mode I
fractures. We fabricated single-notched CFRP specimens combined with the epoxy plates,
which requires less material for testing than the DCB method, and allows for a shorter
distance between the crack propagation path and the AE sensors. Tensile testing and AE
analysis were carried out to investigate the uniformity of the mechanics of VARTM
material. The results can be summarized as follows: The inlet and vent specimens showed
similar load-displacement curves and AE amplitude characteristics, and there were no
significant differences in the cumulative AE energy (p = 0.158) or in K; (p = 0.948). The
inlet and vent specimens exhibited similar fracture surfaces, and three typical phenomena
were observed: resin cracking, fiber-matrix debonding and fiber-pull out.
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High Strain-Rate Compressive Characteristics of Cross-ply Carbon/Epoxy Laminated Composites
in Through-Thickness Direction

Kenji NAKAT', Takashi YOKOYAMA”,

Dingding CHEN ™ and Kazuo ARAKAWA ™

Abstract: The effect of strain rate up to nearly & = 105 on the compressive stress-strain properties
of a cross-ply carbon/epoxy laminated composite in the through-thickness direction is investigated.
Small solid cylindrical specimens are machined such that the direction of the compression loading
was perpendicular to the fiber direction of the laminates. The high strain-rate compressive
stress-strain curves are determined using the standard split Hopkinson pressure bar (SHPB). The low
and intermediate strain-rate compressive stress-strain relations are measured on an Instron 5500R
testing machine. It is shown that the ultimate compressive strength and absorbed energy up to failure
increase significantly, while the ultimate compressive strain decrease slightly with increasing strain
rate.

Keywords: Compressive properties, Cross-ply carbon/epoxy laminated composites, Hopkinson bar, Strain
rate, Through-thickness impact loading
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Table 1 Types of reinforcing fiber and matrix resin used in cross-ply carbon/epoxy laminated composite

Cross-ply carbon/epoxy laminated composite

Fiber HTS40 F13 12K (Toho Tenax)
Matrix Epoxy XNR/H 6815
Fiber volume ratio V; 0.56
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Fig. 1 Schematic diagram of standard split Hopkinson pressure bar apparatus
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Fig. 2 Oscilloscope traces from SHPB test on cross-ply carbon/epoxy laminated composite (Vs = 8.1 m/s)
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Fig. 3 Axial compressive stress histories at front and back ends of specimen
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Fig. 4 Dynamic compressive stress-strain and strain rate-strain relations for cross-ply carbon/epoxy laminated
composite in through-thickness direction
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Fig. 5 Through-thickness compressive stress-strain curves for cross-ply carbon/epoxy laminated composite at
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Fig. 8 Effect of strain rate at failure on absorbed energy for cross-ply carbon/epoxy laminated composite in
through-thickness direction
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FA =7 ZARUICEET A RIS <ATHhITWADR, BEOEME—>—OfHMliTAI2L EE - TR, JIEmiilg &
JSE O E BRI DD AR 72 BURME ORI IR 72+ 1T hu TV e, & 2 TRIFIE TIE, (KRR S B R £ TomEi O
T B % b OES A MIBIC AN T 5 2 & T, — DOFERERE NIV T OMERICH T 2 MG E 2T~ & L TH
JRROEBENPHHIEIC G 2 28 %, BIELOB AL EENIZKREFT L.

2. EBRFE
2. 1. HiEER

T4 axgFra—5 407 LY ) aryFRER (32 x 32 mm?) It MERH SRR S A EE S, o T
TV NEANC/RDET2 BREEE L. 20%, HEEEEEZHOCESREIRY, MRS K LI AT T L.
JRIEE I, TR 37°C, CORE SWITHRE LA VX aX—FNTEHF S, 20L&, V) arvFaadD Nk HRER
WHEE L, REPERIRICER S5 2 & TIRMEE) O &M ERIGERICENT 2 O0TAAREEB L. —FTrYayr
KON ZFEE L, RS EMEE 5%, 10% T RICHiELcb0ERCT 7 ar br— b LTHIE LTz, F 7 iifE
HHZ TR UM ERTT 7 a2y ba— b Lz, fERRIE, OTA2alE2A L7 MiEss 3,6,12,18,24,48h, =2 |
T —/LREDS 24,48 h & L, fEEEENT IHz & Lz (Table1). &5&theE b, 5ETOEREITo7Z.

2. 2. TOHAILEGHEEEICKLSBBREDRE

VU o VRBRERICBT D B EERITT O VEGFIEE 2 O T L2, T ORERE Fig 11237, e il
JEHE 1.89~15.8% Ty HNIEALT 5728, Han I EMEATHIPH & L7z, & 512, HEFUBET O » COREBLHERT 5720,
KA 2> 5 2 mm OERSIIMRHT RIS ERA L, Fig. 1 O AR (28 x 5 mm?, 2~15%) ZfE#riEs (ROD & L CHIZ L.

2. 3. WEIAREH

TfiffEt% OfENTRIFAN OMIE %, (CFHZEBMESTIC X 0 BIE L, MIROES|fA % G AP X 0 f#EHT L7, Image] (NIH) % v
T L iaz/rael L, fHoE#EED-. LT, MfErmEMiaoEihozdf42E50/A08 L. £D#%, Fig 1
TROFZOTHBEEMEONEZBE L, MIEOZT M ER L ESIA E2SHIE Cxn S8z, 512, REBER 2~15%2BW
T, 0.5%Z LIS 2 EHIL L, TORSIASH AT, £/, ROT 4 Tarba—, xHT 47 ar ha—LiZo
WCRERICERS A & ke, BRI LT,

3. HBRBLUEE

BLA I3 L ORI D AAO8EE 42K L2 3D E A M/ T A% Fig 21ORT. ZZTIEBIE LT, (&R 0,24, 48 h D=2 DfER
Ry, REhASEY A, HEbAREROMEBRTH Y, O EMIESR 0.5% 2 & I ERYE L= ARSI 695, Fig. 2(a)i 2 fiHiEeE o
h, TROLIEMEOREE T, Liend>T, 40, MREEITFRCOmT 5 LB bV, LinLans, ERERL L, BHTOHF
DENTWD. ZO5ans, FAEEDIESSETHY, FOEAEREAIR.1% Th-o 7.

Fig. 2(b), ©DFERMORIND L ST, 24,48 h & BT, WEZRK 5%LLT TS O ICRHEA R o3, Bl
Uleinole. ZNLLEOMEBERTIE, 60°~70°% ' —27 & L THIAAEM LI 2R LTWD. FrCEMRBIZRDIZoN, #

Elastic
chamber =

Table 1 Experimental conditions.

Stretch ratio| Duration | Frequency
(%) (h) (Hz)
Non-nuiform stretch A 215 24 1
Non-nuiform stretch B 48 1 )
Uniform stretch A 5 24 1 ROI  Grappling-hooks
Un%form stretch B 48 1 H =] 110 I 1|5 -
Uniform stretch C 10 24 1 Fi . . o .
Uniform stretch D 73 1 ig. 1 The maximum normal strain distribution of the

substrate in the x-direction calculated by DIC method.
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OE—7ENEL 7otz —7, 24,48 h & 5 &,
A8h DF N LY B — 7 NG <, [Tz o T Efif
ORI DOEF TR L T 2 R TE 72, RRIZ
iR 10%LL _ETiX 60°~70°128BIF A E— 27 &< 2o

'S
1
1
=~

—_ = =
(=]
1|
-
#
¢
=T
—_ =
[ =2 )

TWDHZ L&, MEEAIRIEMEE L2V (R aommEk) Sy 8
BRI > TG ZERbIG. ZOLIIC, HfELZT or : IEN
B b 013 LRI O F B L, (SR C IS o & BN 2
Fa R SARVERE LT, AR 0280z X 20 15 30 45 60 75 908 20 15 30 45 60 75 90

Normal strain of substrate [%]

Alignment angle 0 [° ]

5HDLEEZHBND. T, Wang HOHRHRAD % Alignment angle 0 [° ]

L, ARSI BFFERREOT Be, oy ZRDTZ. & (@ (®)
DEE, 3D b 2 k7T 2TE O TR 0% & 72 2 B 14 < S b
MRS LB 22 578, B3R K5 ICHIBEE A DX 5o & % 12 =

ZRLT, BEUERED 2.1%E L= (Fig. 2)0HHR) . 10 =

A 2.1%12, Wang B OHFE AV, /b TRIEIC K 8 H &
DERHRE BN, 2D L E D, 4y DIED, 5.1%Th 6 1 =4°

©7z. Neidlinger-Wilke 1%, Fx & 8725 EBRFEICL 4 1 & .

2

0 BN D &, jjie | DOV THRF LTV D . Z DI, 6.4% 0 15 3'() 45 60 7'5 90
(EEAAE) , 42% (BRAESFAINL) THD. AIFETHEDL Cell alignment angle 0 [° ]

MIAEIE, EREOMEEIERITEVEE 72> TR Y, AER (©
BIUOERo N ZRLTWDS. L

Normal strain of substrate [%] Normal strain of substrate [%]

Fig. 2 3D histogram of mean of the normalized cell frequency

Neidlinger-Wilke © AT > 72 FBRIC AT, AEBRFEIS with respect to the alignment angle of each cell and the normal
BT, DOBHILD &, o VEEEE TEBEER SN & strain of the substrate. (a) Stretching for 0 h; (b) stretching for
IERREICET 5. 24 h; (c) stretching for 48 h.

212, O AAE B RS~ 2 5528 ERET 5.

Tﬁb%,g%@% BIFDRER LR LT, YRR

DELNTWEDEHR L. 77 7134850, WINOERTIEICRBWLTY, [Fl—OMRER TR R A 2 R T
RWCEo. Zhix, RERFENOTAAEORET R, HOLPIMERIZBTHMBOREELZTMRLZENFARETHY, O
T AHEABLE b OMWMEIC L DT oY EEZ R LTV D

4. FEOH

RIS, K92~ 15%D M CHERICOT B ES T DRI & AfT LTz, £ L COTHEOE Sl 52 2584, il
DEFNOBLED SIES LT, ZOREE, FEOMERIZIBNT, MBI L TR IS 2 Lo 7o, AERAZANT,
TIRIRFEOTHAREER KD, S51%THH I EZHLMNI L. £z, OTHAREZA T AHE COSMRRICISIT DA
— R BEROFRER LA LN LD TH -T2

T

(1) Zhang, L., Kahn, CJF., Chen, HQ., Tran, N., and Wang, X.: Effect of uniaxial stretching on rat bone mesenchymal stem cell: Orientation
and expressions of collagen types I and III and tenascin-C, Cell Biol. Int., 32-3 (2008), 344-352.

(2) Chen, YJ., Huang, CH., Lee, IC.,, Lee, YT., Chen, MH., and Young TH.: Effects of cyclic mechanical stretching on the mRNA expression of
tendon/ligament-related and osteoblast-specific genes in human mesenchymal stem cells, Connect. Tissue Res., 49-1 (2008), 7-14.

(3) Neidlinger-Wilke, C., Grood, ES., Wang, JHC., Brand, RA., and Claes, L.: Cell alignment is induced by cyclic changes in cell length:
studies of cells grown in cyclically stretched substrates, J. Orthop. Res., 19-2 (2001), 286-293.

(4) Wang, HC., Ip, W., Boissy, R., and Grood, ES.: Cell orientation response to cyclically deformed substrates: Experimental validation of a
cell model, J. Biomech., 28-12 (1995), 1543-1552.

AR

Y. Morita, S. Watanabe, Y. Ju and S. Yamamoto, “In vitro experimental study for the determination of cellular axial strain threshold and
preferential axial strain from cell orientation behavior in a non-uniform deformation field,” Cell Biochemistry and Biophysics, Vol.67, No.3,
1249-1259, (2013).
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25 ME-7
Hnaig 74 NULEY R KIGEIER DR

HiRKT: L5 B L5
K E, HFEE
1. 1IFC®HIZ

WA, W RMELCTH D CupZnSnSy (CZTS). CunZnSnSes (CZTSe)., R TH D
Cu,ZnSn(S, Se)s (CZTSSe)ik. HpkTHENMBETIZEFTIZH Y, S/Se tkx = bu—
LT HETAYFFr v E 09~15 eV LHIEITE 2720, BAEEWEHR)R
20.3 % &R L TUW 5 Cu(ln, Ga)Se, (CIGS) DI, k= X METHEMELE LT
HEHEZED TS, L2L, MR Ga DL T A XL, B EREEe S Th LB
IR72 . R e R W) AR 2 D,

V4R, CIGS L RO EEZ L, LT AXZLT7 U —T, HRTENEEICHD
BREERLIE L72 CZTS., CZTSe, CZTSSe {LAEMMREH WO, 5 FREE OFELWHIRH T
EBEFEITHRBENEIMLCND, BIEXT5HLE, B RIVUVREE AW EEZE S
1 & 2T CZTSSe ARG EMIZ I T 11.1 %DEBZNRNHE SN TS Y, Shin
X, BET v R EAWEARBIEICL - T CZTS KEGEMIZIE W TERLR 8.4%
ZER L TW5 P, Repins 26 FERICAREEEZ AVD Z & T CZTSe KFEMIZIE
T 92 %DOEHBHREZER L TNDE Y, UL, BIED CZTS RbA W ORIE S I,
KGEMIIB T L2BBE Ny 7 7 BOT A AREERE, B EEa0 R EE, E@
HRRMEEE L ZET o628, —FORBEIX, [ BE 2B Z RO A E
DOFHI D HE D EFRNT D2 N E NS BUR) BNEBEZXBND, ZOH, FHEROE
EMIMEE CH DN R¥ vy v 7 CZTS 1.4-1.6 eV, CZTSe 0.9-1.6 eV & [EfE/2E b
B L TR0,

W25 Eh R K IGEMERZ BIEd 720 BE 2 CZTS RHEMEMIER, X OHE
i W T2 BSEPE DTN R RS 2RO LN HRETH D, LiL., CZTS RILE
Wik, 1-M-VI, RANa234 T4 MeGWFRER, @bl Bz v ¢ —Sahfits 37,
AL 72 E ORI K-> T CZTS F & 72 % Y, AW TIE, BE/R B CZTS %
{LEMHAERRE LML L, BREEE, PR & O SR AR 21TV
CZTS A NG EMDERN R EHA~BSF D Z L2 A ET 5,

2. EBRFE

CZTS-Sn # —JrRRMEXIT, BHREEZ AW CHEAEBROWR AT -, FHOREIL.
% mol JREEIZBIT DR LRAME., MR X MEFT(XRD), EF#H 7w —7~A
7 a 538t (EPMA) IZ X VT 24T - 72, 22T CZTS Hfhdhix, THM £ HWT
ERL L 7=, Feed &72% CZTS ZitfhiX. Cu (5N), Zn (6N), Sn (6N), S (SN)YD 3 v
MNEBIZFANWTH =R a— s LEAET 7T 10° Torr OSAET THEZEE A%,
1100°C TRtk E L7z, XRD & Raman 73 Y6750 HAHRHE, &im 7 v =R & X ##
By % 7 I — 7 (XROMNE D B B i OfG SR 21T - 7o, A — /L SR E 28 b
HE X, AIEIREE 20~300 K. 353 0.55T D44 T Van der Pauw 4 W CiThbih
oo 7Y A XX S mmxSmmx0.5 mm & L, FEIZH I 0.01 pm O ALO; ¥R
THFEL7-, B 1 mm. EX 200 nm © Au BiE 2 7V OIUMA T Bl K EE
AWTIER L7z, Au EMRIEIA— I v 7 RpE2 R L, KB ORPUEI IS & B
RSB —THHZ EE2ERL TV,
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11001
CZTS fmol]
Te00r X ol m - oo
£
E 0  Liguid phase | phase 4
£
g * h . N -
g "™ F7 i Fig. 2 CZTS WA > = v b
o /
= - e 2 phase
S
CTTSHL L., TS + ?Ls;'_“
" n w @ ®  mw
Sn Xx=CZTS Solobility fmal%]  CZTS
Fig. 1 CZTS-Sn #t o RIREEX Fig. 3 (112)f 45 7 7 ==

3. MRLEBE
CZTS-Sn #& - RIKEEX % Fig. 1 12777, mol I#E X X)) ZHWTHEH L7,

CZTS [mol]
CZTS [mol]+ Sn [mol]

X[mol%]= x100 (1)

CZTS 7% 30 mol%LL F? Sn IRHRIZEBWTIx CZTS #H & —HRFHICHESBE L. 30~60
mol% DIFIKIZ I N TIE SnS AH & CZTS AHIZFA7EE L 72, 60 mol%LA Bz W CILE
LT CZTS 28 Sn [T ARBEI X R e o=, SR & LT, 60 mol%ll E@ Sn iR
R, AR 780~980°C (23T CZTS HAEmEENARETH D Z L2 X LT,
CZTS (28 T 60 mol%LA T Sn IWHRIZIVNCTHESEEA L. Sn # & SnS fHIX CZTS
X CZTSe LV HHENRKEIWDETIZHE TV #ESEERE O TIZ7: %, 70 mol%a
R, BRI 900°C (23T CZTS Hf5da 5 b v i su il R & & L,
CZTS HifiifhA > = v F % Fig. 2\~ 7, Bl 7 vV =BEHFOR K% Fig. 312777, 1E
FEROA12)mIZ I 5 3 Ml R e il L,

CZTS HfER OB AR XRD /3% — % Fig. 4 (Z~9, (112)i = 28.53°, (220)if =
47.33°, (312)fH = 56.18° CEHEAR ' — 7 ZBl£2 T, ICDD /34 — 1 (00-026-0575) &
—H L, HFE—I7DORM LI TERIT, alih = 5455 A, ¢l = 10.880 A Th
D, ZHITHESN TS g =5430 A, i =10.850 A & B —E &R L1 Y,
Figure 5 |Z CZTS Hiffidti® Raman A~~7 L&/ $, #FH (ZnS) O —727 & CZTS
=7 13E L A EALENFE 72 Raman HIE AT 72, 287, 338, 371 ecm™ (T &' —
7 RBE L, TR E — & L TW5 9 Cu-S LAY, Zn-S (LAWY, Sn-S{LEW
DE—7I3BIE SN oT-, L7ed-> T, XRD & Raman 23 JEHIED S CZTS HAAH
AR NS ST D LIl L=, Figure 6 (2(112)H XRC HIEHE R A2 Rd, 2HE
MEIZ, 125 arcsec TH Y ZiLiE., CIGS Hifhdh DfE 100~200 arcsec & [RIZEDETH D
MO RESZ/R LTZ, CZTS HitMho EPMA HAEOHTIE. ML E T micin-> T
et 5 mm MR Ty N—RIZA Y FL, WEEIT-T2, ATy MRIERIZH
72 0 MRRITE)—TH - 722307 52 Cu-poor, Zn-rich ¥k CTH 5 (Fig. 7) .
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g DD CZTS 00-026.0573) = Ay mode
_ g g Lo G
g . £
£l e s | f &
‘2. [ L. | | E.
h .|
E 3 Bel9 257 m*
5 = Dt ex
L
TR ENEREE. 200 250 300 350 400 450 500
Diffraction Angle2 8 [deg] Raman Shift [em™]

Fig. 4 CZTS Hfki AR XRD /X% — > Fig. 5 CZTS Hifik fak¥y K Raman 22 kL
THM CZTS Stagle aim _ - THM CZTS single cr?'slll o 2 0 o
FIWHRM=1Z5 arcsec E 25 - Growth direction - 3

— E & Sn
] = < 8
L £
= e 201 = H—
£ :
& m 15 = ey
£ g
L] L=
§ 3 10 =h bey
g g
g 5 . —
. 125 250 50.0
400 30 -200 -100 0 100 200 20D 400 0
0 10 20 30 40 50 60 70
Omega [arcsec.| Composition [atm.%]
Fig. 6 CZTS Hifififh XRC HIE Fig. 7 CZTS Hifkdh ki pk O 5 ik

Fig. 8 |2 CZTS HLfh i D82 %2~ 7, Kl 100 K Z A2 LT, 2250
BAAMEXOEREZBE L2000 2 2OGRE 7o ARNEKR L TWS EE X,
KR T XY ICRMENRIOR Y B T mE e — e T L=y 271 v h TH
Bk D N ME 28 A LT,

0@):(,;,@,{[_7;]%]W{_) @

O'H\ op X7 V7 7 7 X —_ TylL. Mott characteristic JEE. E, IZBVEMHWInE Y o+
BT DIEMAA L RV — kTR VY < ERTH D, (OO FE—HEHIT, K
%¢@h@nﬂjk7wv//f/t/7mnmmh%\“:@iEMMﬁﬁ%%
LN NEETH D, T> 100 K OHEPHIZIBW T, BB 0 RSN ZEHY
Thh, 7TL=ux7ay hhHATOY 7 BN UEE (b= %L ¥ —E, = 132
+5 meV &7go7n, ARWFIECTEBRIICE DNZBEEL = R VX —E, 1356 — R B
B VRD BT Cugn KO KMGHER 120 meV & IEFICEVW—F AR LTS D
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Ry B TEEEFHAT 59 2T,
KQ)DBERNRD LD,

=
=
=

Cu /n Cu
Sample 7p+sn Sa 7n
AN 098 115 182 5
BA 094 130 167 ]
090 141 1.55

[y
<
[

asN i =0.25 Q)
LI

A" IEIR— T AR, e THFFEEE, &
IHBR, b =h20ET T 7w, m
XA E R, Ny IEEHR T 72 7 2 1
ETHD, BlERatE L& ERRED D =
6.7Y L L. AAVE EITHERHE O R
ERHOTm = (m* m) P2 Hm™=0.4Tm & . '
LY, BT A—2ZH W Ta's 0 10 20 30 40 S0 60
ENyod ZZNZNTS A £3.7x10° em? 1000/T [K']

E LTz, T7RBTHNY REWEW =k, Fig. 8 CZTS Hifififh DR 3IR 2L
(CuT)* TH 2 540, W= 401 meV &

L7 2 2 THAERE SN TV AREREFEZ L) &R b 7= CZTS MRS # i 1 1
b RV X — & AR ZERE B2 Lled™ 5, CZTSHENR S it i DI ML= % )L X — (%, 20-
40 meVOHFIZH Y . R T 7 v 7 ZEEL EON, = 2.04X10%° cm™ & @\ ORI LK
= 0.98% " 10 FERT 7 S HIEEN oy = 3.7X10Y em® L EIch DL T E
THENY RIIMETFHOTELEEERY GV, BEEDRE N EL, RELTT7 =L
SHENLER & EyDENIE b= RV X— 720 L0 /S D EFZD, ZOREET
X, T HREEEIIRELEL T, K0ERNHE LD,

Conductivity [QX'em™|

4. £&8

AWFgEIL, BE7Ze CZTS WSk ESINZ ML L, o H ks AW, &
TEEERMOE T NEN CZTS OIEFEMMEEH LN THZ EE#HME LTV,
CZTS-Sn # o RN AER L, 70 mol%® Sn Wik, FREIRE 900°C 2B\ T
THM L% AW CTEE . CZTS Mk EIZkE Lz, CZTS WM DImE 2 1 =
ALE, Zo07 77 X2 —%F5H, 100 K LA FOKIEIZBW TR/ NAIZL D M-
VRH &N LEHITHY . 100 K LLEIZBWCTIIARIF) 72 0 MEENXERTH
HZ L hBR LIz, T2 BTN KON, HEFHOTE LD 132 meV ONE
T, N2 RIRIZ 40 meV & L7, ARBFSE TR O AVIZRE R 1X CZTS Ik i & PRAE 5
HH)ZTHEHERY 77 LA IRAHBLEEZTNHA

IR

1) P. Jackson ef al., Prog. Photovoltaics 19 894 (2011).

2) T. K. Todorov et al., Adv. Energy Mater. 3 34 (2013).

3) B. Shin et al., Prog. Photovolt: Res. Appl. 21 72 (2013).

4) I. Repins et al., Sol. Energy Mater. Sol. Cells 101 154 (2012).
5) I. D. Olekseyuk et al., J. Alloys Compd. 368 135 (2004).

6) K. Wang et al., Appl. Phys. Lett. 97 143508 (2010).

7) S. Chen et al., Phys. Rev. B 81 245204 (2010).

8) C. Persson, J. Appl. Phys. 107 053710 (2010).

9) V. Kosyak e al., Appl. Phys. Lett. 100, 263903 (2012).
10) J. P. Leitdo et al., Phys. Rev. B 84 024120 (2011).
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25 ME-8
FLEIXILF—T Y MAOEZERAMZEREKICEET 2R

JR SRR GE LA = % L % — - BRI
¥z AT e

1. B

B, P EREAFEICREI NS L)1, TDEFAICIADBIEREBH L2 32V =75 b2
WL, BHICEIRTHR I ALY —2ERT 3 70Y 27 b BEATCETHTH 5, Mkodhd,
W2 EZ TG0, TRVX—77 Y FANDACYEDHEETFRICO VT O 21T BEBH D, 20
i & UCPE B2 @l ORAT T 2 M RS E 2 oD, WEKLEDA v 7 IBAETH D, K
ZETHAT S 5 72 DG ERED AL D, P EHEMZE L D b 10~20% b kw2 226, FHEEL T
TV TR ENTHET2E—Y— 2T TELTHS . BWEICTEWTIZ50 AFED D
FHENELGE I N TV 22, RECHENICIZE>TE 5T, HAOAZIEDOEWIBRZFSEICE
TUIFHBE AR & o 2R R RATIRIE T I B 2 ZeMTMRE S T e, HIEmahRWN, Rrcik
2D o 7T D DT R L TR WIRBLICH 5. AWFZETIE, Him R = 55K H
AT L 72 & B D EEN T 2 IR £ BRI 2 2 T8, - HmahiRN %
AT L 22D B EIC > W BRI R L EBIC X h & T 3.

2. WREE AR

AFFETRER E LT 2 EEERIR & REPIRZ Fig. 11037, FEOEM I NACA3409 TH D, a—
FEO0.7m, A8V 1.65m, 8 O TKMAL 4° DEBIBMABDOVT WS, Bl I Z i shR % e 3 ¢
572%, NACA0012 DEIEZ 43I0 L - Btk 2285 L Tw 5, £, 2EICO20»TiE 25 m 34 XD
AMEREH RCETLAZWRE LT3, BRI, AR - Boos 2 X > TRE S L #EKMEREZ
EIRmEPREZRELTED [1), EEIMAZRAGIULZIS 3° CTEE L, WSR3 % 72
HEACPREICBIL T, RS & BRI RS R 2 BRI, ROt LEMEERI NS X9, %
NFNQL L ITHELTVE, RITEERKAE»SBEITOREIZa—FETHRLAL A/fc & LTE
# L, BEIERKENIC O R LR BIEOWRITEETH 2 h/c = 0.35 ZEWIRITEEEICEE L, RITHEE
120 m/s THMTZ1T> T 5,

Main wing with end-plate Whole airframe
Tail wing
Length :2.63m Chord length =024 m
Breadth:1.67 m rd

Airfoil : NACA3409 Height : 0.60 m

Main wing
Chord length = 0.7 m

Chord length=07m / -

Front wing D ’
Chord length =0.15 m . %
= s
) 8 degs. ’ ‘
Airfoil : NACA0012 — ‘
; . \ y —
(50% X Wing thick ) 014m ! Front wing

Fig. 1. Main wing with end-plates and whole airframe model.
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3. BRXETSHTE

225, K RICIEERE, FERGE, FEMNEEO
BRI LRE L, 5%~ ERE U (m/s) T
WHHEE2EZ 2, Fig. 2 ([CUMKEIEEER %2R T,
Sy \SWAREIR, Sy 1 3ETRIAL, S X HmRZ R
LT3, HEHAYZ FLnldfiENmE &L, Hifl
FEH S HIARRE, BRI RIS THTICiN S
CET 2., 777 ASRRC KR S 7 22K 0
ERT v Yz &(x,y,2) =Ul—1 + ¢(x,v, 2)]
ERL, ROBEREMEZHESE 5,

Fig. 2: Body fixed coordinate system.

L] V6 (2,y,2) =0 (1)
[H] a¢g;f””::nx on Spy 2)
[F] 8¢%f“):o on Sp (z=0) (3)
(K] pt—p =0 on Sy 4)

TRARBEIRIC Green D 2 EMZHEH T2 £, RO HEAIFEoN S,

8G0I)Q 0Go(P,Q)
//SH+SF 3nQ @) ds = // Q)] ong 45
// a Go(P,Q)dS, P& Sy+Sp(z=0) (5)
Su+SF nQ
rEL, Go(P,Q) = ———, |PQ= /(e —2)+ (y—y)+ (s — )

Ar|PQJ
P = (:U>y7 )’ Q = (x,aylaz/)

I, 0(QF) & o(Qr) BEBRETHTORERT v vV E2REL TS, Sy & Sp FTHERT Yo v
OSSR E UL, HEERELOEN0 &M 2B OMIEEELE L7 L 2DRJZRDL I ENTE S,
Kz, HHREEMZBICOWTEZ S, KB oWTHIEENME, JERE, RN BARERA % % 2 Kk
BOMERT V¥ vl Oy(2,y,2) & @y = U [~ + ¢p] EEFRT 5. BV & 1PN 2R
S, 2=01CB T AP HBREm SN L EEEZ KO 2D [o N5,

% by Obw  1/pay O 0bw  1/pa -
T 05 =3 Ga G CwlEC)GER) me- o

TIT, WHIZ Ky =g/U?>THD, py \FKODEETHZ., 72 F v 8F)NEIZ K> T oy, ICBHT 2HR
EfTEZ RS 28Ik >, WORKE(ZRDZ I EDTE S, Wil OTHEELTNL 2D, (3)
DEERGM 2 Fi I R BREMTH 2 0p/on =n, (2 =C ) KEHET S, 29 LTHERESN %)

L, RENCHEINAHEROMME L L TR ontEhE2 KT 5 2 Lick>T, HRER T
IZOWTEEL T3,

TATHEE F, = 7.6 (20 m/s ) THRATL 7 & E D, FEImlzE <O HHEMO ¢ Wikl s & 2 o B
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Fig. 4: 2-D and 3-D wave elevation of main wing and whole airframe model ( h/c = 0.35, U = 20.0
m/s, Quing = 3.0 degs., apogy = 0.0 degs. ).
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Fig. 5: Aerodynamic properties of the whole airframe.
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Fig. 6: Perspective views of wake deformation of whole airframe ( ap = 0.0 degs., h/c = 0.35,

At =0.001 (s), Time step = 56 ).
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Fig. 7: 2-D pressure distribution and time history of lift to drag ratio of main wing with end-plate (

h/c=0.35, a=3.0degs., At=0.001 (s), Time step = 85 ).
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FTNEL 72D Z Ny hoTe. £72, CFRP OMERC 1% 90°4 L &# 2% & EMISE fif & X
LY, BHRBIOHEERICEE LN ERGD T,

5. WFFokER

WR7eg 1. (SINRARHE SRR RE A R (L BE (FEfEs)
2. JWNRZAIG D)2 FE T E 3
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T4 F¥yy T3 EREROERRKREEFYEL ORBEICET HHR

EERERERIFHARE EXH W

1. B#

FANXYEY FEDTA FX vy THERIE, BEHEERIE. KEEVI 77— FEiR) cpE

n BUREMNAREICANIE, S| 2R S, RILBIETRKBEIONT—FT NS ZANEHRL, EAFRY b
D—0 #RERICEMEILTES,

AHRTIE. FAVEVREDTA FXvy THERER T, EFPHLHERBRIMEEDEEEZHAS
MIFTEHIEEZBELL. SEEFIRRERMOEAA D XLZALNICTSEHICOV O MAVRE
FRWXBR RIS 74 —8BEE1T o1z, TN FE TTamasaku 5 (FHPHT & [la % 1 TE#ERE K T,
Kato 513 CVD Bt RE#EZHABDOHRELIToTLSH !,

2. EBAE

BRLEZAAVEY FORBIEIEESEMPHD ERICE YRR LEZEMER 4 T 1a BEiEsH (KRt
<0.1 ppm. 5.4x5.3x0.7 mm® (001) @A) (HPHT BfE&) &KV CVD THE L1z (001) EmA LI EfE
fn (CVD EfE&) TH D, HPHT BEERoFIZIE, 0N EEEI 2 —IZ, FEAEHRRBEDR 5%
WEDHBELNTLEAY, KRR TE IO I —HNICHERRENIER I LSERETA L=, X R+
RIS 74 —BEEIAM /0 bOVKERAR LY Z— (SAGA-LS) DE—LS A > BLO9A TTof=, K
HETIE, BBREET. X BIFRILF¥—14.6 keV GRE 0.85 A) T, [£2+20]D%F@ED 4 DDEF
ECEEFT oz, BBXRICKIZBFBRETDXR RIS 74 —BREBER 1 1277,

3. ER#ER
B4 2 (& HPHT BEFERD [-220] BT D X BRI 5 74— THD, ERMILI-ENEZRET S &
NTES, BHEEE~100 cm? THY . FAVEY FELTREBULKEIZHD, Ff-. B3 I(FERLL
DIRKEETHZH., X BASELI S X RHESRICE T T, EEEFSE (7)) MERINE,
SO UTEFH—MHOEVERTE X EAZERFLTEIAIRRTH D, £, [2201%F{fn 4 D
DEFED X R ERT ST —BEFLE L, N"—H—XRXJ FLb & gAY FILTb-g=0 DEEHEMN
HRTAREZAWNS &, BEON
—H—XRYJ FJLIE b=a/2<110>,
b=a/2<-110> .  b=a/2<1-10>
b=a/2<-1-10>D AFEFEICHFETE 1=,
SBICN—=H—XRY ~L b LEgfI
WMOAR t ORRRZAL., BESH
f-BRfIlE 2 THRERM EFEE L 1=,

Detector(X-ray film)

y

Projection
2"" slit MO”O(‘},

hY
2ng Pl
g ﬂnJOm mat
Iy _ or
% 1% slit

El: X RIS 74 —BREE (EBEE)

White X-rays
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XfRASE  X#RESE

b

2 : HPHT$ES[ 220]@?&@)(%% I~-I<f7*57«r —1& B3 : BRI DIMAREER

412 CVD EfES D [-220] B BE X FRY 52
1 —1B%ZRY, BIELEBICFELRMBEIARE ST,
EBHEIROLSICHE->TEY.,. BORBOLSITRZ %,
Zhik OVD BEEROERMOFHRTHS, ZDERfLIL CVD
BREORICERFEREBRRBEROFEDEICLIYREL
fEBbnd, oD HKBZRAVTHENLE
#BR. GEEEITESELE DM ST,

X4 : COWDAEAYEYFEHERZD X &

bRTS 74 —% (BEX#R. REECE)
4. Hhim&ESRDRE

RERDNT—FBHRLELTEESNLIEMESI A TTaDHPHT BT A VY EL FEFERZS LU COWD
AAVEVREHREZE 0700 VBSAERAVTXR RS 570 —8HE Lz HPHT &SR TIE
BRI TRERGL E B LTz F1- CVD BEERTILREEMEBTE L1z, CDELE, HPHT & CVD DK
BRADEBWIELDLEBDND, % ANKZIEANERRFOMOFERFMEEICKL 55T EE EHE
T. ZENICHBEARMEE. ROBERBEZHEBAL. TN RAEEEOBEEHZHLOMNILTOSFE
THb,

B AR TER. BROEEOEANKZCRAAEMER. MAE—EE. BIRBELEICRESH
WELET. FRAESLIVEELGIA D FZTEWV=AMS VY FOVERRE U2 —D)IFFERAEL.
AHHARBE L ICREHEBE L EITET,

SE X

[1] K. Tamasaku, et a/., J.Phys D38, A61 (2005).

[2] Y. Kato, et a/., Japanese Journal of Applied Physics 51, 090103 (2012).
[3] H. Sumiya, et a/., Japanese Journal of Applied Physics 51, 090102 (2012).
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ATEESHERITZME L -REMIRETEVETIVID
FEICEHT HBR

WETIKRZFERSN WE 4

1. % E

W72 A A A T =7 AR TTIE, 1800 FARIZ T CIT, B3 & I O IR D BRI
i L HALTHY, Von Meyer & Culmann 1%, KERE W D FIs )5k EEZ Fig. 1(a)D K 9 IZHiV TV
5. ZORERITAIE ST Wolff 1T S HICHER AR R ST, AMPRENEILT D&, TOMEDKE
EERNETDHEIITEREENENT DS, HRATHOTHEDOY TV 7 & J)FICEH LT
Wb D Wolff’s Law 2R L7=. ZD LIS A D=7 ADBTHITEBWNT, BRfEE L IG5 150
ORI, BELRBEBRMENDH L Z LR SN TE. L L, 3 RTINS %2 A1 5 KER
FIZH LT, HRNDFENTFEEZ A CTEOZYMEEZ R LIERIZD 0. & 612, AT BIEE fa ik
EAT - 1282108, FER o mIREBIIRIEICENT 5 Z ENTHEINLDY, AN TREFERE O T4
FIRFEIZ OV T, SISO N TRV, £ 2C, ARIFFETIE, CTHEBR XY KRG ET VA2
FL, W@YRBERIEMEOY & TSN 21T, FISHOMIREBIZOW T2, kT, AT
BAFEHN (THA) & RmmE#f N TAXBIMIE R (HRA) 2 LT VAMEE L, [ UBERSEMH
TIS AT 24TV, BRI ONWTHERFT L7z, 512, OT AT RUX—EEZHIE T 2
—HELTEFVET VBT VEEAN LN 21T, BV T Y 7 BN EE o AiRieIc RIFE+
B OWTHRB L.

(a) von Meyer & Culmann, 1867 (b) Wolff, 1869
Fig.1 Principal stress projections on femur by classical theories.

2. BIAHE

5 4D BMEHBEE O T CT Wifg X v, Mechanical Finder 6.1 Z AW T 3 RIC KR ETF /L ZAEE LT-.
Y o TR HE, Keyak D 5EEFAWT, CT Wi EO HUMAZBHEEICEHRL, BEENSY IR
EHEE L7=. Fig2 [CEERSMZ2 /7. B E LT, BHEICERT 2 0 E & /) /1%, Heller
DETINEEEZIZLTRE L. HHOERIRIEIZOWTIE, Heller 5OET/LX 0 4, K0 BFENR
IDARIEZE L CTWD. £, MRS LT, BEEEESE O e e L.

WIZ, TERC L7 REBREE7 VI, RKimEHm A TIxBIETE T (Hip Resurfacing Arthroplasty; HRA)
& AAE RN T BEERE HallT (Total Hip Arthroplasty; THA) % iti L, Fig.3 (Z/nd €T /L& ZNENAE
K L72. HRA BTV TlE, By 7L BHEOMICEEA L FE2HALTEY, Co-Cr-Mo &4 DN 7
EHEAVRE, BIOEEAY N EERIZEAENEMEZEH L NS, —F, THAET /LT
1%, AT AL Ti-6A14V 548 E L, HA 2—T 4 7 L CTh D 851%, BERELEL, a—
T TRV AL, Bt L. 2, BEA—LIETAITE T I v ARRE
LTWb., aLhruabid, FXURE, TAVIT, BEAV MOY U 7RI, £Z1 230 GPa,
114 GPa, 370 GPa, 2.65 GPa & L7-.

HRA X° THA BV ET U V7 ORBRMEEFARL -0, ABICKVIREI N0 TATRLX—
B (SED) ZHHNRTA—2 LT 5BV ETV 72T A ERHWTHTZI{To72. BOY > 7Ry
T BB FE D SED fEICHSWTZE L L, K SED Tidv > VRO (BHEEDIKTICRIS), & SED
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TV 7o

(BBEOHIIKHS) NELD. FETALOFVET U o FTIE, Yo 7%
D ATIRFED E R I 3%
|

THETITo 7.
lr

4 7’
gy

Fig.2 Boundary conditions Fig.3 Femoral models with implants

3. HBREER

KEEE €T W EBT HWiiHE CTOEI 15345 & Von Meyer & Wolff O =i 11X, 38 X OVEEO KRG
D X BB L OVE RS % £ & T Figd (ORT. £ EOMITHE R, BIEV IR Th 2 Rk T (7
FoR) LIEMEIC I T HER/NEINT] RER) 2R LI2bDTHY, von Meyer =° Wolff 234245 L 7= &
JESSARRBBICEEL L TV A, FRISR LI EZEO B RS L TS b LW —8E2 R LTERY,
BRREENTIGN E BOSRIGEZ R L, BROBEN~ 7 0 iy (55 WOITEEHE I Z20) ([ Es 0
SIS L TSN Z 2R LTS,

Fig.5 [ZKEREEF /L, HRA 7/, THA BT /MBI D BN HDMKIE (FoRKRLISH, R
B/NFEIRT)) &89, HRA TV CIEFEMIFEIN TV D720, IFEITIT KT TV & HEL
DEE ISR, UL, BHEITEEERD 2L f 7 0 ASETEDNL TV -HICZETE 2
WEN, FISHOEKTFRALND. —F, THA €T AT, BROKED VI RN TN D201,
FIS N OBIRBIZRIEE L IZ < B2 o7 bD LR TEY, BIAMITIZEIS O EBRERE
CTwnWah.

<+ -+ Max. Principal
==+ Min. Principal

Fig. 4, Comparison of principal stress distributions and trabeculae structure
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HRA €7 /v & THA E7 NV CTOH U ET Y & ZHT Of R %, Fig6 & Fig7 \ZEhZird. B U E
FV IV Y T ROIKT (TROHEBBEEDKT) NEUEHEER, FISIIOSHEBEEMIETL
TW5. HRAET /L TlE, A7 AEFAL LRI FICBWTEEEDIK TFRZE LW, —F, THA £
TITHRIEBFHIZBWTEBEMETLTEY, MIOREFIZBENTHIEK TFRAA LS. THA O
THAWNEIET VT2 08B E 572D, BEEA—/VOEREE 34 mm /5 48 mm [ZHE N
St7z Large ball E7 /L L, AT AR & & 50%FEHE ) S 72 Short stem £ 7 /LD 2 TR AAFR L,
BYUET Y TN AT -T2, 728, Large ball €7 /L ClE, “BEEAR—/VRENZ I\ T oA far 8O {EH
THHPAN LY KREL o TVWDIORFHITH D . HFONIFER%E Fig8 IR T . EoMICEEE DK
TIRHEBILDN, BEESHEIMLTND %‘%%D EERMICEVETV T OREN NS, B
R—=IDY A XT v TRy a— AT LABRKRBFIZE T 5 ERNFENREICH L THELWI ERT
ﬁéﬂé.&%,ﬁﬁﬁ~wwﬁ4i?yfmowfi,Hﬁ%uﬂ%f%ﬁ/7%74% )
BbHDHOT, BH TRV, ¥ a— AT AICHOWTE, &I, ZDEIMENER ZEDTWDH,
AR T ZRVBLE N B ORFFRIIR 2D 70O RBIRTH 5.

-+ Max. Principal #
=+ Min. Principal &

4+ Max. Principal
& —+ Min. Principal §& B

Fig.5 Principal stres distribution Fig.6 Effect of bone remodeling on principal
in femoral, HRA and THA models. distribution. stress distribution in HRA model.

|/l == Max. Principal
.' : ==+ Min. Principal
§ +- Max. Principal & |

== = Min. Principal

Large ball Short stem

Fig.7 Effect of bone remodeling on ricipaI Fig.8 Effects of bone remodeling on principal
stress distribution in THA model. Stress distribution in large and short stem models.
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BRI MEEEEZE TSN A A LTI v I R/IKR)<—
BERZHADEIE & ETh

JUMRZR e 2t JEBE o 43 B

1. #®%E

KRB 2 B RETIE, BREBEZHOWTERBAEREZITI 2L N2 00, ERHIRCE T 5 R EH
DA EDOMERERIN TS, 22T, TFETITME TRICESHEH LWEEE S LT, &
WL LUEWE 2 A T 55 B/ M scaffold & il 2B bE - HAERETOMAPKRFINTEY,
FEHREME scaffold D BAZE D 5T 5. Scaffold (2 54 ZHEFEME D T T, AR REIZH D
PR TE, RAOMBEEEZDZ LT, AR REELNTZENARELE RS,

Z TR T, B AR scaffold ~DISHEZ B L, BEAREEHRZFOHO = LA T
7 — VR AI T o 5 statin, F6 K O BEMEEZ R ~ D IS 2 B KU 72 U B VE E I 74 o
cisplatin 2R U ~—FHIC SR Y v~ —/nf Ra X7 3% A4 b (HA) #A % scaffold % B %
L, MWiisEsist, EERER, FEARBGIERIC X 2 KRR O L 21T - /2.

2. EBAEZE

RAFFE TH W= EENL, BRI EFZAIO Fluvastatin Sodium Salt (F601250, Tronto Research
Chemicals Inc.), 35 KX OVFUEMEEZ A O cisplatin (033-20091, Wako Pure Chemical Industries, Ltd.) @
2T TH 5. HEA R scaffold DIERIFIEIZLUTO®Y THL. HAMKRERY E=1TLa—Lo
LIRBERICAR Y O L E AR D hER - ok, 1300°C T 4 REfE]BERS L C HA scaffold % /F#¢
L7z, iz, RUHARE - 7 ) a— gk E 5K (PLGA) £33 RV 7w Z 7 hv (PCL) Ok
AT U USRI A 2 43 B S &, HA scaffold % 128 - #2 /4 S8 T statin (cisplatin) & A% HA/polymer
scaffold Z1ERL L7=. F 7z, HA scaffold IRV ~—f@%& a—7 ¢ > 7 Li=tk, ZREEK%ZHTIHEA
% RN EEFS S 7z statin (cisplatin) 2% 1 #E 25 2 HA/polymer scaffold & 1EHL U 7=, 72 B8 AWFZE T,
statin (cisplatin) & 4 % HA/PLGA scaffold & HA/PCL scaffold % % #1* #1 HLGS-C (HLGC-C) & HCLS-C

(HCLC-C), statin (cisplatin) % i #&#5 % HA/PLGA scaffold & HA/PCL scaffold % 41 Z 4 HLGS-A

(HLGC-A) & HCLS-A (HCLC-A) L Frd.

A EBLEZRIIE, BRI EARIE FHEMBE (FE-SEM) & HA\W/o. JEMERERI, /A ok
AREBREEZ DT TV, [EREHER, E, BLOHERSE TCOOTAHTRVX —EE L2 L 7.
AR BGRERI L, —EIRE 37COA > F 2 _X—H —NT scaffold % Sml DV > FefkE A BEA R K

(PBS) 1212 L TATVY, PBS H1 O statin g L & 840 vl 20 OEEEGHIC K 0 IE L 72O EE SR L
7-. F72, FE-SEM % i\ Tk Vs 2 d &

ARBR A% O scaffold ORI E D
FlexBE LT,
3. ¥RBIUEE

1T, AERRINERY ~—&
LT PLGA % H\ 7= scaffold @
FE-SEM Ef% 4 ~7. X1 (a), (d)
X0, WiE L -2 LB

“ILAl )

ERTEM SN TWD Z ENgmnd. — — 20_Hm
* 7, 1(b), ()R R il Fig.1 FE-SEM micrographs of (a), (b):HLGS-C, (c): HLGS-A,
scaffold TiX, AU v —IZ & b FEA (d), (e): HLGC-C and (f) HLGC-A.

DHSICRFEERTWD IRt L, K1 (c), (NTRT RS scaffold TiX, HU ~—KHEIZHK
FINEEE L CWAERFRBIZR SN, 0B, & TO scaffold IZBWT, 1(a), (d)& [AEEDOHEGIE
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ENBIE ST,

F 72, PCL ZH\ 7= scaffold (IZoW\W T, K1 ERBROMEMEENBIRINT.

JEME kR TIx, AERWINMERY) ~—a3—7 ¢ 7 % L7- scaffold 1%, =2—7 > 7 & LTV
72U HA scaffold & Fb#E L C, JEMGHIESR, JEMEME, BXOERA S E TOOT AT R —F LN

REERY 1A B L7,

70k, HHIZ scaffold DJE#HE J1FHEICH E D

B L b IRl

2 (BN R B AL S A2 7R 97, statin 38 X WY cisplatin Wiz W8I 8 0 TH, AR
PEAR U <=—& LT PLGA % M7z scaffold 1Z PCL % H\ 7= scaffold (Zkb~_C, KA D4R HGE E H3 3
WZ ERFIND. T, PLGA 28 PCL KV b 3 MBEENEH W Z LICERNT D EEXOND. £z,

KHEFEA RIS AT, A ORBOELENENZ LD T30 D.

WAIORFREBICERN TS B2 615,

X 31z, AR O FE-SEM Ei§ % R~1. %
scaffold IZBWT, R ~—DHfRIC LD REFEINL TV
statin NIRM SN TWD Z 03005, £, K3 (a), (b)
T 5 &, PLGA X PCL LV &0 MAEITLTWVWD
NG D. —F, K3(), ()&t b &, statin
DRI X, EAATIEZ L—F2REBENEL THD
Zxt L, REEEER CIIREAIAHMLTWD Z &N
IND.

4. #E

AWFZETIE, B4 scaffold ~DiSHZ HfE L, 38
KRG RE 2 A9 5 HA/EKRRINMER Y ~—B 45 %R
scaffold Z{ER L 7. RY ~—a—F 4 72 X 0 JEHE S
FREMER T LT, F o, IEAIORFFERE & oy Rl E
B DR ) ~—MEEANT D& T, AR A H
WTXxDHZ LA LT,

RRER

1) M. Todo, N. Yamada, T. Arahira, Y. Ayukawa and K.
Koyano, Development and characterization of
bioceramic/polymer composite scaffold with drug release
function for bone tissue engineering, ICBME2013, 4-7

December 2013, Singapore.

2) WM, i, o, #h1, BAE, EKARBEE L A

THRI~— - A FETI T
# A % scaffold DAIEL, 55 24 [A] N
A A 7uv T 07 EHES,
2013/11/1-2, HHD.

3) AR, W, JEE, &), AR
B, BAREREEZ AT A B HAE

P

—_—

Fig.3 FE-SEM micrographs of (a): HLGS-C, (b): HCLS-C, and (c¢): HLGS-A

Statin concentration [mg/ml]

Cisplatin concentration [mg/ml]

after the drug release test.

A - BRE G R L ILE LS

Broflsl L 3, 55 13 Bl AFAEEEFESRE, 2014/3/4-6, AD.
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Introduction

Orthodontic mini-implants are widely used to provide absolute anchorage without affecting teeth
which should not be moved in the treatment plan. A common problem with temporary anchorage
devices is a loss of stability and failure especially during the first 4-5 months after placement.

Aim
This retrospective study aimed to evaluate applied orthodontic mini-implants in order to investigate

possible mechanical factors affecting their survival.

Materials and methods

Twenty-two successful implants and 6 failed implants from selected were included in the study. Each
patient had two CT images taken; firstly before the placement of the mini-implant and the second with
the mini-implant in place. The first CT image was used to generate geometries of the model and acquire
bone properties, while the second CT image was used to define the position of mini-implant. A novel
finite element analysis was applied to mini-implants. The detail of the modeling procedure is shown in
Fig.1.

Results

Some of the important results are shown in Fig.2. A regression analysis showed a significant relationship
between mini-implant failure and high levels of tensile and compressive strains. More specifically, the
tensile strain in bone at a distance of 0.5 — 1 mm from the mini-implant surface was significantly able to
determine failure and success. The possible parameters that can explain the high values of tensile strain
were the maximum elastic modulus (cortical bone quality) and proximity to adjacent teeth. The

regression analysis showed that the interaction between these two parameters was significant.

Conclusion
Maximum tensile strain is a good indicator of orthodontic mini-implant failure. The effect of root proximity
on failure depends on the quality of cortical bone and in circumstances of close or actual root contact,

mini-implant failure is expected only if cortical bone is of low quality.
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Fig.1 Detail of the modeling procedure.
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Fig.2 Strain distribution and probability of failure.
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ERBEARNA T RHERICET SEERR
AMARELESE LY S — B &

1. #E

WA, ZNVa—AO0MREFICRH SN D E T EZFH Lo A AREFEmNER Z2ED TR0, HFak
WFIERT I TN D . ANA A BRBFEMIT — B 2B & e v, BB AR E U, A 13 A A fir
WAERNDTD, BREDPOEERMMDZCHIELWREET XA A ThHhbL VWD, e L —F 205
ELRWTEDBEN M T/ LT WEBE AN TH D, ZOX D REHENG, Ao AREFERRITAE
BN DIAALBEIL L L TN TLER EDEERET N A~OFAPBRTF SN TS, LaLl, BUkonN
A ARELE I TIER BN IT RO RREE & X CIEF ISV, &5, BUE R EEE B
TIXMAMEICRE RREZ R TR Y, T ZIERRDOMANEITEI D & HERE 72 SR B D (E R
BHELIN TS,

AR T, NHEPH R REENGON D EBZALEME S, EROEERE L LREEE O —R
v}/ Fa2a—7 (CNT) ICEHL, AT 42— X ZREL LARVWEmME L LT CNT 40872
collagen ZALIKZAERL L 7=. FE-SEM |2 X Z2 M EBIZE 21TV, ZALEMHEIES CNT O HUREIZ SO W
THRE L7z, Eo, ERWN AL AR EM A2 R LR BEMEEZNE L, ZAKROEME L To g
WZOWTHRFL7Z.

2. EBAE

CNT/collagen Z fLIRIT G RZBRIE CIERI L7, 7 X BRI aZ — 47 (Typel, HANLERASLL) I
CNT (MWNT-7, R AL T3) %2, 3, 4wt% Il x #8352 & T CNT/collagen ISR fi%E L 7=, K
W, R L LTT /— RiZidZva—AxA4 %% —+F (Glucose Oxidase, Wako) & 774 77— (Catalase,
from Bovine Liver, Wako), # Y — RiZiXx7 v #—+% (Laccase M120, KEFF =¥ A1 L) ZFNEH Smg,
10mg & [A U5 & T CNT/collagen ARICIMNZ 7=, Tz vV ar®oRcE AN LESETEEITV, 40
BAEAERL L 72, collagen ZFLIKITKIEMED T2, BRIEEZITo T b OEFIEER Lz, 37CICRELE
BN TEIL LIV EZ AT AT e RESAIKRIC 4 HRIES S5 2 L CLEEBEZITV, 22665212 1k
SHB7ED, FUTUIC 24 EBEBR L. JAXALTATE RICHBEDERD AT-0, LK (E#
B TR ZMAT, BEROZIRICEHERE L BRI 72 PBS Z AR A N THINL, BOBAEIRE
ITWEARICHER LA ST, £70, BEORER~OFMME <T2ols, ZHkoRE* L —
AT 4 IV ANTEST.

FE-SEM |2 &L 2 Z AL HOBLE 21TV, ZAEOWBREIC SOV TG 21T o7, £/, fliH
IRRELE M A AFR L, BRI OWTRHME L7z, BREHIZIZZ V2 — X% 0.05mol/l #fiE L 72 PBS %
AV, KR ZEERPTERICIEE T2 37CICREL, EMMEEEICKTT ONT AR L UBMEEDOE
AR L.

3. BRBLUEBE

collagen O % D 2 FLIK DA% % Fig.1(a)lZ, 2wt%CNT, 3wt%CNT % Fig.1(b), (c)IZ/~F . 2wt%CNT
DA, KALOWIEIL collagen Z LRI LS PIEMEEZFF > TH Y, [ALBEOREDIRAE D collagen D
WENRKE <, collagen DKALEED HIZ CNT 2343# L TWd. LavL, 3wt%CNT TiX, CNT OKFEE
HROWENMZ L DEEDT- DI, collagen HEDKILY A XL b RERKAZEHL TV D, KFLEE
DOFREN I 72 collagen FEHERE ENBILZ S, CNT 2 #ET 2 2 & THREZEERELNLTWA Z &
WHIfFCTE 5.
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(a) Collagen only. (b) 2wt% CNT. (c) 3wt% CNT.
Fig.1 FE-SEM micrographs of distributed CNTs.

B ORI ER R % Fig2 lZ-T. CNT/collagen?éﬂ? IR TOI8V EREDOELEEZRETDH. T,
E%ﬁgbdmm?‘ékﬁﬂ/:“—xﬁ) TRBNERITITbN DT, BENRKEIL 5. L75>L, R OOt
LEITERETNE LL, KREBEMIT T30 01EE LNELENDHEEF TE 72\, collagen £ fLIKIT KA
T?ﬂ WZHWHEE A FFo 728, BMABERICIE T &, MENIEFICTARLEIC/R D, EMO CNT [F L& %K
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(a) CNT/collagen electrodes. (b) CNT/cross-linked collagen electrodes.

Fig.2 Effects of the enzyme and CNT contents on the voltage.
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Fig.1 Femoral, THA and RHA models. Fig.2 Boundary conditions.
3. HBRLEER

Fig.3 |2 B L~UL73 BN TORR TSI & /N EOT il Z~d. RHA D55, SRIICIEEIC
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FIZEFLTWD ZERNDMD.
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Fig.3 Distribution patterns of max principal stress and min principal strain.
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Fig.4 Damage formation in THA and RHA. Fig.5 Comparison of fracture loading.
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T EREEYE T 2 v 7 2RO NTEMEFAESND X 912725 TETCWDED, ERFICHD L BFAREIC
LBHZENMEE > TWA, 2T, NIHMEZ R E (scaffold) & LA & A TS EAE
HERR 2 E 2 M T P2 O T8 LWORIRIERRG SN TV D, FIXEICRIET "4 A4 hE 1T —
5V@@ﬁﬂﬂﬁ%ékbﬁﬁm%mkbfﬁ,UV@%W??A+ﬁ7 v I AL aT—FrbHWEE
RINMEA AR Y ~— & DEAMEIRRET SN TS, LavL, EHERENE scaffold DBRZECHIILE DA 7
U RMb, B E OB O EREITZ <, WELERERIZCH 2 0DBBLRTH 5.
AR TIE, VIS T LAR-TCP & 1 a T — 7% 2 MO FETEAL L, ZAUEHE LR
)72 EME DRt 2 e L7z, S 6127 » MHBER SN A 4% scaffold IZHEFE L, A& 28 HRIERL C, J£
FEoRME R, MRagL, ALP V&M, Bk~ — B EDOERLEH, ‘B FEAH scaffold & L CoOFERMLEZMRF L.

2. ERAE

M RE L 2 558 T 5 720 @ scaffold & LC, #iBEZILEWMEE AT oM B2 2 FBEER LZ. vz
JBCEHZ, B-TCP ¥k (KL pESE) & 7 X FEEH R IR 2T — 7 U i (EARNL) ThHD. 2 HIEEHOB-TCP
Lag—FrOBERLIRL, B-TCP R Fa2 2T —4~ M v 7 AR S T2 E, Bk L7z
B-TCP ZALE BHEHEENIC 2 7 — 7 L SR EZH A LT 2 RO LUK TH D, B-TCP ki /= 7 —7
(LLF, SR LR 1%, 229 —4 L KIRIEIZE-TCP R %Z DS, -80°C TP, -50°C CHifs
WA ATH Z & TIERLT-. —0, B-TCP/= o7 —47 > 2 /B8 (BLF, 2 fABIEMES) 1X, T 7 b— NEZE
FWTB-TCP OEIES LR Z BEAE, 27— 7 U IRIRICIRIE L COlFE R X 0 ERL L 7=, LB & 8
EREEOFAN D712, FE-SEM & WMt EBIE 41T o 72, RIZ, FR L7 scaffold (27 v MHIEER
HAMIE (fMSC, KE-400) % 1.0 X 10°cells/scaffold & 7225 X HIHEREL, £ v F 2 _X—F N T | BifEEE S8 72
e, HEIHAESH (o -MEM, 10%FBS, 1% penicillin-streptomycin) Z¥A0L, 1 HAiEEEZT-72. #H,
BT 7Y A 2 N ARSI U7 i b e A U, B A L. —EMM T &
WCRRBF BRI L, MREEk, ALPIEME, Bob~—mOWE, BXOFE-SEM IZ X p#EmBlE 41T 7-.

3. BREER
ZFUVE R & RIEEAED FE-SEM Witg 2 X 1 |\Zxd. X 1(@IIRT K D18, /8T B A 70w 2 JLUE
WEEERLTEY, B-TCP R +23a 77—~ M) v 7 ZAPZEIZHBL WD Z Enbnd. —J, K
um_rﬁia_.zmﬂfi B-TCP D'EHEMEIENIC 2T — 7 L DL FUVERMEN RS T\ D. £, £
EHEEZ T HB-TCP OHAEEIL, /MM RT L 91T, B-TCP R FOfEEHRE L THREINTEY, KL
%F"ﬂ@fﬁl@ a7 = URBEINLTND D <‘:75>2b735

(a) B-TCP filled collagen (b) B-TCP/collagen 2-phase
Fig.1 FE-SEM images of porous microstructure and surface morphology.
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X, FERE (B2 WITEEHNRIE) EROMMERLZEEL LT0nD. 2) &V, 2 FABRIOEMERER, 4y
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‘/733‘7 M) w7 ZATHDHIOIZ, HEROEITIRELSRoTND. 20) LV, AT, tMSC DR

XV EEMERN R E NS 5. M2 RERE L2V scaffold DDA & FMERIZHIN S HETIZH 5 23,
_®Elkbfi BN S AUEREENIC R SN D Z I X DL RIC L 5 & bbb, ZOsEMT
BTV, —J7, 28T, MEAREEOG A ITMEROZ T/, Mz FEET 5L 14 H
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BlaZ— P LIRBRT N2 A4 NOTERL) 1LV, #Esmib s, BERII ERT 5. 2B, 2 MO
FRECIE, BT AR TAO LA L2k, 28 HH X THIMT 2ma /R LTk Y, MIAEE O FRE D
FRICKRELSFELHLTWD I LR SN,
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Fig.2 Variation of compressive modulus and rate of change.
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BTSN WA DR EEZ NS, —J7, ALPiEMIE, 28 B H 2R\ CRIBOBILO 78w, £77,
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Fig.3 Variations of cell viability, ALP activity and osteocalcin.
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1. Introduction

Mobile bearing TKA has been designed to facilitate high conformity at tibiofemoral articulations without
compromising the need of natural knee kinematics associated with the range of motion (ROM) and tibial
rotation. Existance of second articulation at insert-tray interfaces has reduced cross-shear at PE insert,
hence decrease wear and delamination and at same time reduce constraint forces at implant-bone interfaces.
However, previous studies reveal the wear damage has taken place at these mobile bearing interfaces. Wear
damage at mobile bearing surface was reported as severe as tibiofemoral articular surface in a few recent
investigations. Engh et al. analyzed tibial inserts from TKA revision and found that higher Wear Score was
gained from backside surface of mobile insert. They claimed that appearance of mobile bearing
articulations has generated more visible wear. Work by Kelly et al. addressed comparable outcomes
whereas almost similar total damage scores were achieved by both upper and lower articular surfaces of
mobile insert. Both studies are consistent in suggesting that wear damage at mobile bearing articular
interfaces was attributed by appearance of third body debris trapped between mobile insert and tibial
component of TKA. Therefore, this study attempts to investigate the effect of surface friction at insert-tray
interfaces due to third body debris to the shear stress distribution at post of mobile bearing TKA during
deep bending motion.

2. Method & Analysis

Finite element model of mobile bearing TKA consists of 123468 elements was constructed from 3D
CAD model as shown in Figure 1. The dynamic model was developed in LS-DYNA environment. The
mobile insert was assumed to be elastic-plastic material and the friction coefficients of 0.04, 0.10 and 0.15
were employed to represent normal and mobile bearing interfaces with appearance of wear particles [6,7].
The action of ligaments around the knee was represented by a couple of nonlinear springs which positioned
at anterior and posterior sides of knee joint. The implant was modeled to perform dynamic motion 0° to
135° of flexion angle with 0°, 10° and 15° of tibial rotation and subjected with load of deep squatting which
have been obtained using 2 dimensional model of human knee in previous research.

3. Results

Figure 2 shows the peak value of maximum shear stress for coefficients of friction of 0.04, 0.10 and 0.15
respectively. It can be noted that the peak value of maximum shear stress increases with increase of tibial
rotation and coefficient of friction. At 10° tibial rotation, peak value of maximum shear stress with 0.04 of
friction coefficient is 32 MPa rises to 36.6 MPa with 0.15 of friction coefficient. Similar tendency can be
observed for 15° of tibial rotation where peak value of maximum shear stress rises from 35.3 MPa with
0.04 of friction coefficient to 40.6 MPa with 0.15 of friction coefficient.

Figure 3 depicts the dependence of maximum shear stress on flexion angle from 0° to 135°. It clearly

shows that the maximum shear stress is most sensitive towards tibial rotation with 0.15, followed by 0.10
and 0.04 of friction coefficient.

(b)
Figure 1 (a) CAD model (b) FE model of mobile bearing TKA
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Figure 2 Peak shear stress at the post of tibial insert at 0°, 10° and 15° tibial rotation
with 0.04, 0.10 and 0.15 friction coefficient respectively.
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Figure 3  History of maximum shear stress from 0° to 135° of flexion angle for (a) 0.04 (b) 0.10
(c) 0.15 of friction coefficient respectively.

4. Discussions & Conclusions

The results show that surface friction at insert-tray articular surfaces give significant effect on the shear
stress state at tibial post during deep bending motion. When the surface friction increases, the frictional
torque increases, which in turn leads to increase of force transmission between implant and bone. During
tibial rotation and post-cam engagement, femoral cam induces torsional and bending moment from the
transmitted force which results in high shear stress at tibial post. High conformity at tibiofemoral articular
surfaces in mobile bearing TKA to lower the contact stress, however, will increase the level of cross-shear
during knee motion. This condition attributes to higher wear damage at articular surface of mobile insert.
Retrieval study by Engh et al. reported that total Wear Score of mobile insert articular surface was greater
than Wear Score of fixed insert articular surface.
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— 292 —



2014.3 JUpN K Z20E A J1 5022t

25 ME-22 LEFIH - EEMFFERLRIZ K D R
Yo =R — N DZE TR RO D RIR R & R
@] TEERY T At T mmEA
1. %8

Y —DFHETHRI-ND Y = — MUTTEIC 2FENH
5. T VEREMEEN D, NN ST D > h—R—
DA =RLZOWTIFHTE R Y. —F, BRI+
P B —R—LD A H =X LRI TR =L %1 5T
[l & 2 HE O RHL0, R 72 BIRELT DWW COHE
NRETH Y, FEEOEWAERIIE LTV,

2T, vy —AR— R IR T D 2N R S,

W2 hE 2 R[BTSO W TZER N 2 RIE TE A1
%%Eﬂéﬁ L7227, Zuc L 0 [ElEEd 54 I —R—/W2

WALl E%%ﬁ@ﬁfﬂ A DT-. E 52, BFEN
Eﬁcotmﬂh Z BT L, B KB O FEBRFNEIZ#E A L
7=.

2. FEERER LBMRT D EKRLE

C.C:W,

(¢ :Yawing angle , 0 :Pitching angle)
Fig.1 Coordinate system

FR 5% > W —R— BRI 5250 BihD, &5
L, #4S) L T hmEs L OmEiEiEho T moRRZX. 1
WICEFT D, £, BiteEc, Btk C, #IORECix

ﬁ@iﬁCﬁ%éﬂa_ﬂbiV4/wxﬁRe%iUX
EURTA—H Sp TEELOLND. 2B, R—I/VEEZIX
d=0. 215[m] 3 L OY, R —/VE EiiE m=0. 437 [kg] TH 5.

2D 2L 25
Poput4a Tt pU4A P pU4
ud
R=Y4 5 N
v U
U & [m/s] o ZERIEE [keg/m’]
d AR —VEEn] A ARV O E WIS [m?]
v R E LR (/5] N R —L D[l [rps]

3. EXSIRHEE L ZROFIR
S WALt 1
JRA TR — &2t v b4 25 & & OFHEE LK. 2, 4. 3

AT, ZOXFEBETOX Y VT L—ra URERICE D &,

HABEDOEMRIENF SN TE Y, Fm~D T D75
Motz EARSEIZ 17T[H ) REThH -7,

A= EHBoTWLHET /# (K. 2) DKE% 0.45[mm] 5>
& 0.55[mm]} WEL%@#%%<LL 512, —7 400 [mm]
DYT ) REOPeA 1 450 [mm] DT ZEH LT I‘H@:Esh@ji
M & IEICE > M“Zotzsbmﬁﬁméﬁ%ﬁkf’é 55910
L7z, X 4. [X5. |28~ 72 alfistiho J7 0 % EfMEcE Y 95 f:

W BE Ui BhiE B A R

——soccor ball

Fig.2 Set-up system
(Back view)

Fig.3 Set-up system
in wind tunnel
(Back view)

rubber coyer g soccer bal |

Pitch: 6 1 N

Sl Yaw: ¢ —:>

Fig.5 Photo of
this apparatus
(Back view)

Fig.4 Apparatus for
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Table.1 Kicked by high school players
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Ball speed [m/s] Ball spin rate [rps] Distance[m]
( Range) (Range ) (Range )
) 24 35 0.3
Comer kick (18.9~26.9) (32~7.5) (30.0~49.3)
; 260 51 244
Free kick (19.2~30.0) (1.2~9.7) (4~25.1)
3 ; 243 356 93
Side change kick (19.7~27.8) (3.1~7.9) (39.9~60.6)
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Fig.9 Orbital flight of a soccer ball
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Fig.10 Comparison of orbital flight
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