SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

PXRER S

ot

[14]=E KR F Rt

https://doi.org/10.15017/7170244

HIRIERR : SEHEF BHEHARHRES. 14, pp.1-299, 2011-03. Research Institute for Applied
Mechanics, Kyushu University
N—=I 3

HEFIBAMR

KYUSHU UNIVERSITY




THL 2 2 4R

o RNV X— RS

\Ll

£ [F]

ik

Ik R &



22 ME— 1

FTEHRHIC L 2EEUEE/ VY RO FERERENT (2)

Nondestructive Analysis of Simulated Tooth/Resin Interface using Acoustic Emission (2)
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Objectives. The purpose of this study was to characterize the marginal disintegration of the
dental restoration by using acoustic emissions (AE) arising during the polymerization shrinkage of
composite resin subjected to light exposure.

Methods. Composite restoration was performed on the basis of different dental substrates under
the light curing. The contraction stress and the disintegration around the margin of the composite
restoration are analyzed by measuring the circumferential strain on the outer surface of the ring type
substrate as well as the AE signals. Scanning electron microscopy was also performed on the
marginal disintegration site of the specimens.

Results. The large tensile contraction stress arisen at the margin of the composite resin by the stiff
steel ring substrate induced a drastic increase in the gap thickness and the gap percentage. The
quantity of hit events for the human molar dentin specimen was much less than that for the steel
ring specimen, but more than that for the PMMA ring specimen. The increase in the gap size
represented the increase in the number of crackings at the margin and thus corresponded to the large
number of hit events detected.

Significance. Significant differences of AE characteristics for the marginal disintegration
appeared depending on the substrate kinds and the adhesive bonding treatments. Such AE
behaviors could be used as a nondestructive evaluation index for the marginal disintegrative
fracture of dental restoration.

Research Outcome:

Ja-Uk Gu, Nak-Sam Choi, Kazuo Arakawa, Acoustic emission characterization of the marginal disintegration
of dental composite restoration, Composites: part A, (May 1, 2011)
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TS, £/, arvbo—5—Tu—X—OREE n(rps) ZHIEIL, AD ZHuR— FZ2@ U TR
U(m/s), EEE n(rps), AT A T(kgf), bV Q(kgf-m) Z PCICTYZIT—2L LTS, HE
HEPW)IZDOWTEINLDT—2N6HHT 3. £z, Table.l I 7 L— FOHTZRT.

Table 1: 7' L— K&t

FE 1.03 (m)
HE | 1275.0 (g)
BEOIE | 350 (mm)
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Fig.1: SEERIEEMRS

4.2 RERIEH
FaFEBRIHHIILLTOZDTH 5.

(1) A 5.2m/s DFHDOE L, T L— FOENTAE-15.0~3.0degs. ICDWTEEZHZZEZ TAT A
ke MV ORHIIZITS. BUHIAE S LIcXT—h—T2155.

(2) JEE 6.2 m/s DEFEDE L, TL— FOESHIAE 0.0, 3.0degs. i< DWT (1) LRIFRICAT A b -
MV 7RI 5. (1) OFSR LB L THtRE 2 R 5.

Table.2 IZ S/l L 7e RERORHAIGMA 2R 9. (1) IZE# 5.2 m/s DFRAFDL E, TL— RO HIA
BEOENC X 2 EBEEREOTEZHRT 27cHOFMNTHY, (2) IFEE6.2 m/s IKEXT, (1) LDk
BRI K DB 2R T 5T DDORMIETH 5.

Table 2: FZERSEM:

BUR U (m/s) | BT AE (degs.) | ¥ n (rps)
3.0 0.0~8.5
0.0 0.0~8.5
-3.0 0.0~8.5
| (1) 5.2 6.0 0.0~8.5
9.0 0.0~8.5
-10.5 0.0~8.5
-12.0 0.0~8.5
-15.0 0.0~7.0
2) 6.2 0.0 0.0~8.5
3.0 0.0~8.5
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4.3 RERHER

BREROFHRIRD V5 T 2L FIRY.

Fig.2 I3JEE U=>5.2m /s [ B} ZEHI AEDRNC K 537 — 1 — T DL, Fig.3 l3JEE U=5.2m/s

BT BEHTAEDBRNICK D AT A MO, Figd (&EM# U OFENCK2/3T—h—T DLt
B, Fig.5 1A U DFEWICX S AT X MREOHtgZERT.
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0 expif=150) - o

Fig.3: AF A MFE (U=5.2m/s)
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4.4 ZR

Fig2h 5, E—7{ED—FERE D> ZDEHI A 6.0degs. DFEMFTH B M, FAELRAKICHZ-T
Bifx C, BMEF5NT=DIE 3.0degs. DFMHTHZ T LMW M%. Figd3 b, BUFTIAZRKEL T HICH
WRETZRATAREREL BT AT NB. Figd b, C, iKBL TIIEBEDEBEWIC K S8
CAERSNEh Tz, —7, Figsh 5, BYFIFA 0.0degs. DFEIFEHDEZENIC K S C, DFBITIF
EAERLNEMN TN, BT 3.0degs. DFAIIEE U=>5.2m/s DI AR RIKRICDTz > TKE
otz

5. &8

SEOERBRICKD, FLIFFLETL—ROu—2—2HRE2R5 LN TE. TOHRZE
iz, TOT7 b— FIcELIGEEEM ORNEROHEE L, #EEGHMORNZZE L co—2—2¢
SR BT A2 TETHS.
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CO2 Hllif & T xiB LEXDfc H DB FRREICET S5

INSYNE N2 e 2
IR A il

1. HZEE®

HFOYIFRD 99% 2S5 L, FESOHEBERERELRIREICHES COo BRI L T KEHEEZ A -
THY, EEZEEOBE T, & CEICEEERIC B 2 BIIKREOMEERAB b TS &
TATHD. HHE ZFEEE T 2EKRL, TERMEBRRCERE TN TEHKR TOHEENERET
<, IIREEEE T TOHEMREOBI RIS > PR ZE X 5 C L1&D, AR EaR P ET
Bho/EEE VS T EicixB.

FEE F TOMZEICHB VT, Blunt RN OWTIIIRESICSGREN T LT — 25 C kic kb, HKiF
B CEESEEE TR ETIEME 10% U EBERTEE 2 200> TW05. T2 TR
T, TORBEOMEZHZRETZCEEHNE LT, SN DOWT T L7 —0 ¥z 2 iRt i
Wz EEBR R 5. HEERTIE, JEERKOHISBITY, BED S & \IUEMOMi 217> T, 11
OFHANC KO EENTRERZMEET ST LI LTV 5.

2. AEAE
N TR 2 250 U T M O SRR % D - BITEABRIC K o T, RO FIHIC K O IR E %179 5.

(1) 2.5m HEAEEZ VS, GRS EEBKECE VT, MEEEEHERZITY, IR ES R
K UHRP RGN ZFHE 5.

(2) HEHEHER & FRHC BT Rt Z 1TV, BIERS S WO BRI TR DI H BT Z2 51l 5.

(3) BUS 7T —Z 2 L, MicEEE X CIEOIFEEOREIcOVWTT B L e dic, JEEHR
ROWTE R0 6 L EFUEmZ RS 5.

(4) FIDFHNC & D 1G5 NTABFHIIN & BT 5153 5 NIARFUEIMD “DOHEN 5, METIROH
BIC X HEFUBMOEEMEZ LR, RETd 5.

(5) —HIDOWFFLZHERE L, FEEDRIR &R - B9 5.

3. BAZCIEE
AFEE DL 2 Kl TIT o 12,
K # fr I8 % % 1=2E] - 1Y
AT J | RERERER LML oV — - BREEM | &% REE

s B | REBRERZER LA RREIS A7 LHKR | BE30E 3 F | SBRHHD)
HA 595 | JRERFREER T2EARR « B A7 LHIK | BT 24 KRB
A SME | IRERZERZG TAMIARmE - RES AT L85 | BL24 | KR

wuA sl | IRBRSE T EARRES PR AR T aRiE 4% KERABN
|8 Bt | JUNKZAISH ISR HEBIR KRIE
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4. HFEER
4.1 HEHEE

WEERE OFERCHEH UGN 2 VU h—fhITH 5. MESIREZEE L1256 O AR
BN UT-. METEIRE LTIX, MEASRS M09057 24D U FILhEIL LU, T Fr AV I UhiEE
TLT7—IIREETE Ul 6 BERHEM Uz, Figl ICHEEMHE L SMETRIROBE LIRS, XU
Fv AT, T LT —DRRERT.

MBS | FrAvSAY | 7L7—AR
M09057

M09058 ] B
M09059 [ 23
M09060 H BqBo
M09076 ® B
M09077 & 7K

60 077

Fig. 1 fEBRORZ B HEET L 2 6 DR #Y (FEFRT)

chuTH U, AEBRTHER USRI IV Fv V77— THS. 4 IV L k5 KD
DORREL 1-0 (MARS M10065) & HIDDRREY 2-O(FAZS M10071), ZOZNZHOMETRICHENT L
T =R TR 1-F, R 2-F(RRAT S M10064 « M10070) OFF 4 FEEA %M L, /KEABRZIT-> T
WL, Fig2 KAERTHA LSMERROBEE LIES, BXURBZRY. ki, ShEERIc
Xt UCEOEPIRI R EORBENZ IS5, NFAFVIA FORBZT->TVS.

VAR E | 7 LT —TRIk

M10064 i
M10065 | AU UF v
M10070 Gl

M10071 F Y T

M10064 M10065 M10070 M10071

Fig. 2 MHETIROFE 2 a2 5 DR (AR5R)

4.2 FEBAR
EENEHA

HEBFHARSE A UV T surge, heave, pitch OFEHIOFHIZITY, FifROTY RICED fIF 7205 HT—
VI X ORI RIZ T I IZKRD . NTHERYE SRR DAL ASHETRAR R Z t =0 L LT3,
HEHEHIEARRE, BokmZHiTT 2 EHER L ERBIC K T SNz AHERZHiTd 2 L EDIEE
HHREBRIC DWW TIT> TV, HEREMIIMAE 1 T7)V— R F, = 0.175, B2 T F, = 0.160, JEER
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FRERIC B 2 AGHR I EFEEDWEET A/L = 0.3~3.0 I DWW T{To 7z, EHEHIEAR TRV 2 BAh A
O & FHEHZ% Fig.3 & Figd IIRT.

FETE

£3ff L | 2.5000 m 7 0.7000

W £1(F.F D B | 0.4348 m KG | 0.1509 w

;5«} d | 01523 m oy 0.6278 n

Yo bl 4 o | v | 0.1307 w | s/L] 0.2511
- = 5 = -
:( L 1 {u:mumg 4= L w | 139.70 ket || I | 5.6152 kef-ms®
0, 0523m

£ X6 | 0.075 L | 5.6152 kef-ms
e I ldshi]f’ X 0.0750 m ; 5. 615 kgl -ms

L Cy | 0.8451 GP | 0.0000 u

Fig. 3 EBEHIRBRRFOER Ly F7 v THE L UHE 1 FEHE

z
/
_ﬂi
FETE
€50 L | 2.5000 m ! 0.7000 w
. £16).F () F\ @) B | 0.3649 m KG | 0.1378 w
5l d | 01380 m e | 0.6283 m
X S o | v | 01067 w [x/L| 0.2513
- Y 2 -
:C N . - 2. 1008 T | W] 106.70 kgt I | 4.2949  kgf-ms®
4 38y
s “lsmﬂ(r XG 0.0750 m _;_ 4.2949 kgl -ms
Cy | 0.8473 GP | 0.0003 u

Fig. 4 HEEFHEBRROER Y b7 v TRB LU 2 FEH
pdi i

Fig 5 ICIEfMNT OB, %7z Fig.6 ICARE R 2R g, AKEREEICET 12 MO &R 2O
TATCHEE TICERE L, Fig.b O trigger DB E D U - 2B Z EHIBIEREEZ L LTw
5. PEtildE R RB S K CIFEERBRICOWTITo /2. & 12 OB EFHIFIRFC calibration HVA]
HETH D, IFEHHBRICTT 5 EEEREASED N/ LIS ST, FEMBAMHTT —XESTZ
BEICHELTNS.

th t2

[ros

BRI

Fig. 6 AR

" Fig. 5 Bty b7y 7™
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4.3 ER-ER

EREE Table.l  #&HIUHC 1513 5 5 HEHIEH
IFERABRIC K B B EWUEROZMMENCBT 5 = FRikik) | WERRES | EWERR | mEE J
(EHEE) &4V P FHIURED S O #E % Table.1 1cB% M10064 0.3191 kgf | -0.02%
FTIRT. REROA ) VPV RIS T L7 —% M10065 0.3256 kgf _
KDV TWNB 7T L7 — 2 LIt ESL 5 & EH M10070 0.2271 kgf -0.04%
HHMNMEVWMER L 72, LHL, HEDORICEFEEIOER M10071 0.2362 kgf _
EIF7RL, WMINTHAIDEFIEINZE 2 2BIET 5.
FEEH RIRE
%9 Fig. 7 ICHEFEORBR T S N BHEmD 7S5 772 /,Rd. #llic \/L, e ETUEmEz %
g, FERVATETEIGUE LTIERES TWa. ARIZERKD 0.3 S)\/L = 1.0 DEPFAEILA L

KThs. CTTEIBIUEMEE. AFHEED O OIEEHEKERTEHE Nz surge HMID I & AHHEIx
L DEHFERTHIE Nz surge HAID T & DEZERLTWS. 2T A/L = 1L.3{HEcBW TR
FOEMAE— o Lixd T eDnh b, Fi, FRERBICEOWTRERESLSDRLN, MEHRICHRNT L
7713 BT £ T0.3 SN/L S 1.0 DAFHEICBW TEERMICIETIEmzRo T@EhH s &b, FE
FEORBOERN SN S.

10 Raw /pgc’(B%/1) Ry IpgG*(B%/ 1) v
5 :
M09057 @ MO90S7
| o O M090s8 f
I & Mososo 4 e MO9659 e
@
. 2 Mo 3 Mosogo %
i 2| v M09077 g M0S077 ® iy ’
&% 3 o o ® -
5 ! EN- Q.M e /"/
S o A
8 | JEEE N -
I o
0 _ , Pese ® A
0 1 2 3 9 0.5 1
AL AL

Fig. 7  Added wave resistance for different bow shapes at F,, = 0.19045, x = 180 degs.

ERRIC Fig.8 ICAREER T ORGSR NIZBTUBMD 75 7 2" 9. ERONRE 1, GRAMhE
2 OEFUHEIMOFERZ /R L T 5. Fig.8 Hh SWEELEY, MEHICENTI L7 —2MF5CLT10=
N/ L = 2.0 O EWREE CORTUEIERZNIRNHEZR TE 5. 2L 2 T & TR 7298
DT L7 —Ic K BIEGUEIMEGh R OB A2k Uz,

1Jhwb%%WA) , 10mwm%RWA)
(3 M10064 - 9 M10070
M10065 O. M10071
10
O! i oo
5
’ C  Ceg .0
o o ® o®
QQGQOQ o 0900e® oe
i : o
! e ¢ s - °s2 §
N | g N .
0 1 2 3 0 1 2 3
AL AL

Fig. 8 Added wave i‘esistance for ship-1 at F,, = 0.175, x = 180 degs., y=418mm from C.L
and ship-2 at F,, = 0.160, x = 180 degs., y=284mm from C.L
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Fig.9 lHEEDFER TOBMI DRI 2 ASES) & Z DAHHID 'S 7 %53, FEDD surge, heave,
pitch £ &> THD, £J57 L LHENCIIARFEOKREDRIGTE TH S N/ L, Wi I EHEIRIER A
SHEIRIE CHERIOTEL 728 0O, FHRICHT 2MAEEIOMHZ/RL TV 3.

heave, pitch BN BV TIE A/L B 1.0 ZBX 7o EIGEE D FIFARDFEIE S 5 DI LT surge D
HENCEFEFAIIEE LRV, TS OEFORERICIE, FMEICBWTERBREDNS Y FL EDE D
BRLNEV, DT LT —EROENIC XS EFUEIMKRE . EEHOBEWICH D KR L 728 D Tldx
<. METED S OASMEDO R EDRBIN R LT DTH B LHHERENS.
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Fig. 9  Ship motions for different bow shapes at F,, = 0.19045, x = 180 degs.

[AFRIC Fig.10, Fig.11 ICARSKER T DR DOBHEIC S 2 M AHENIRIE & Z DAiHD 75 7 2R T
heave HEDEENCIEHT 2 L, EBE5OMEICENTEME ISRV T L7 — &1 72BN 1.0 <
A/L = 2.0 DFEFHFHE TENMEZRL TS T EHHERTE 5.
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Fig. 10  Ship motions for ship-1 at F,, = 0.175, x = 180 degs., y=418mm from C.L
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Fig. 11  Ship motions for ship-2 at F, = 0.160, x = 180 degs., y=284mm from C.L
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Fig. 12 Unsteady waves for M10065 model at F,, = 0.175, x = 180 degs., y=418mm from C.L
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Fig. 14  Kochin functions for ship-1 at F, = 0.175, x = 180 degs., y=418mm from C.L
and ship-2 at F,, = 0.175, x = 180 degs., y=284mm from C.L
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Fig. 15 Comparisons of added wave resistance between measured by load cell and unsteady waves,
at F, =0.175, x = 180 degs., y=418mm from C.L
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Fig. 16  Comparisons of added wave resistance between measured by load cell and unsteady waves,
at F, = 0.160, x = 180 degs., y=284mm from C.L
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Fig.1 Well’s turbine (left) and experimental setup for forced motion test (right)
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Fig.2 Revolution number measured by forced roll test
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Development of a Design Method for Wind Turbine Blade Suitable to Wind-Lens Turbine
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Fig.1 Knee simulator model.
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Fig.2 Knee rotation of movement.
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Fig.3 Knee simulator model. The unit of the fringe level is MPa.
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Fig.1 Artificial hip joint models.
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Fig.2 Boundary conditions.
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Fig.4 SED distribution on acetabulum.
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Fig.6 SED distribution along lessor trochanter side. Fig.7 SED distribution along greater trochanter side.
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Fig.7 Map of the feasibility experimental site and the photo of the observation tower existed until 2008

Table 2 Monthly mean wind speed in 2001, unit(m/s)
Jan. Feb. | Mar. | Apr. | May | Jun. Jul. | Aug. | Sep. Oct. Nov. | Deec.
6.4 4.8 5.1 4.3 3.8 ! 46 | 29 4.0 4.9 4.7 4.5 5.6

10 e
-o-Max Wave Height (m)

-8 Wave period (s)
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Fig.8 Maximum wave height data in Genkai-Nada Fig.9 Distribution of mean wind speed(m/s) in 2001
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1. INTRODUCTION

Renewable energy resources are receiving more and more
attention these days, driven by issues including the limitation
of fossil fuels and global warming mainly caused by the
emission of CO,. Energy can be attained from tidal currents
driven by the tides, the power capacity of which is estimated to
exceed 450 GWY around the world. However, utilization of
the tidal current power is still at the early stage because of the
low energy density in comparison with other renewable
energies.

The tidal current power is proportional to the flow velocity
cubed, which means a big increase of power captured can be
produced if merely increasing the incoming flow velocity
slightly. Prof. Ohya’s Wind-lens technology? for wind power
generation is applied to our study at present stage, which has
been validated to be able to accelerate the flow velocity
effectively by the brimmed diffuser. Wind turbine technology
can be used in our study because the tidal current turbine
works on the same principle as the wind turbine, by converting
the kinetic energy of moving fluid to the rotational energy of
the turbine rotor, then to the electrical energy.

But for the tidal current turbine, there are some potential
problems not happening to the wind turbine, which need to be
pointed out such as cavitation, organism attaching and sealing
not much considered at our initial stage of study. An important
point we should notice is buoyancy can be used to balance the
gravity of the turbine and diffuser to make them float in the
sea, which implies that some support devices needn’t to be
fixed and therefore construction cost can be cut down.

In this paper, experiment results for the bare turbine are
compared with that for the turbine with diffuser by Wind-lens
technology. The Blade Element Momentum(BEM) method is
used to calculate the theoretical values of torque and output
power for both of the turbines, which then are compared with
the experiment values to check the validity of prediction of the
BEM method.

2. MODEL EXPERIMENTS
2.1 Description of devices and experiments
Models of the turbine and brimmed diffuser are shown in
Fig.1 and Fig.2. The turbine designed by Prof. Furukawa® is a
three-bladed rotor with a diameter of 300mm, the hub diameter
of which is 41.7mm accounting for 14%. The blade starts at
the hub and ends in the tip, chord length and pitch angle

distributions of which are shown in Fig3. For the diffuser, the

throat diameter is 308.6mm (The throat is the narrowest part of
the diffuser, section of which is at the same plane with the

rotor.) and the maximum diameter is 412.8mm. Fig.4 shows
the profile of the brimmed diffuser, in which the vertical axis
represents the rotor plane and ongm is at the position of the
rotor center.

Fig.2 Experimental setup for the turbine with diffuser
in the CWC.

The experiments were carried out in the circulation water
channel(CWC) for the bare turbine and the turbine with
diffuser respectively, in which torques of the turbine were
measured by the dynamometer in the uniform and steady
incoming flow with a velocity of 1.0m/s. And Reynolds
number equals 3.0 X 10°,
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Fig.3 Chord length and pitch angle distributions of the blade.
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Fig.4 Profile of the brimmed diffuser.
2.2 Analysis of experiment results
Some formulas used are as follows.
Angular velocity
o= 27!1\]— sy

60
where N is the rotational speed and the unit of it is
revolutions per minute(rpm).

Tip speed ratio
1 = Ro (2)
U,
where R is the radius of the rotor and Uy is the incoming
flow velocity.

We measured torques Q and rotational speeds N of the
turbine during the experiments. According to (1) and (2), we
can get

_ 27R (3)
60 U ,

A was increased gradually from 1.0 to 4.0 by adjusting
rotational speeds. At the same time the corresponding torques
were measured by the dynamometer. In order to get
non-dimensional parameters, we calculated the torque

coefficient C4 and the power coefficient C,,.
___ o0 )

" 0.5pRAU

where A is the swept area of the rotor, p is the density of

the water.
= —P—3 =C, x4 ®)
0.5p4U

where P is the output power of the turbine.

The results for the bare turbine and the turbine with diffuser
are shown in Fig.5. The horizontal axis represents the tip speed
ratio 2 . The maximum C of the turbine with diffuser is about
twice that of the bare turbine. Furthermore, the maximum C,
reaches about 2.5 times. So improvements of C, and C, are
apparent by attaching the brimmed diffuser which is able to
improve the flow velocity inside it and thus the efficiency of
the turbine.

1.0
0.9 Iﬁ’
0.8

0.7 ,
0.6 /
0.5

0.4

0.3 TR =
0.2 ﬁ” } s,

0.0 1.0 2.0 3.0 4.0 5.0
=i Cp-bare turbine
smsgues Cp-turbine with diffuser

0.0

A

wmponss C-bare turbine

s Cg-turbine with diffuser

Fig.5 Comparison of torque coefficients and power
coefficients.

3. THEORETICAL CALCULATION

3.1 BEM method”

The Blade Element Momentum(BEM) method from
Glauert? combines the momentum theory with the blade
element theory. In the momentum theory the actual geometry
of the rotor-the number of blades, the twist and chord
distribution, and the hydrofoils used- is not considered which
is treated as a permeable disc. But in the BEM method it is
taken into account that the local event taking place at the
actual blades.

Fig.6 Schematic of stream tube and annular element.

The stream tube applied in the momentum theory is
discretized into M annular elements, as shown in Fig.6. There
are two assumptions for the annular elements. One is no radial
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dependency and the other is the force from the blades on the
flow is constant. It is assumed that the hydrodynamic force
acting on the blade element can be estimated as the force on a
suitable hydrofoil of the same cross-section and that the force
on the whole blade can be derived by adding the contributions
of all the elements along the blade. The lift and drag
coefficients of each blade element are known as functions of
the angle of attack. As far as relational functions for each
hydrofoil are got, by the BEM method the force acting on one
blade element and thus the force acting on the whole blade can
be derived. After getting all the hydrodynamic forces, torque
and output power can be derived easily.

3.2 Hydrofoil of blade sections

The hydrofoil distribution of the blade in the spanwise
direction is shown in Fig.7. The hydrofoil at the root(0%span)
is T41, 33%span M-F073, 75%span M-F072 and in the
tip(100%span) M-F071. M-F07 series hydrofoils are
developed by AIST(National Institute of Advanced Industrial
Science and Technology), which are of properties of high lift
and mild stall. T41 hydrofoil is modified from Goettingen570,
thickness to chord ratio of which is 0.41. Hydrofoils of other
sections are derived by interpolation.

100% span--- M-Fo7y
{tip}
M-F M-Fa7
75% span--- Blade section
Flow
W M-FO73
3% span—-+- I

T41 Blade saction

Fig.7 Blade section design.

Relationship between the angle of attack « and the lift and
drag coefficients C; and Cq4 for M-F07 series can be accessed at
the website of AISI http://riodb.ibase.aist.go.jp/db060/ on
condition that Reynolds number equals 3.0 X 10°, as shown in
Fig.8 in which the horizontal axis is the angle of attack, the
unit of it is degree. Relational curves of three hydrofoils are

not enough for our calculation by the BEM method

considering the precision. So five sections are made between
33% span and 75%span locating at 40%span, 45%span,
53%span, 60%span and 65%span and three between 75%span
and 100%span locating at 80%span, 85%span and 93%span.
Relationship Cy( « ) and Cy( ) are derived by interpolation.

We can see from Fig.8 that some oscillations take place in
two separate small intervals for each curve, which is bad for
interpolation. Because the whole trend of each curve almost
meets the quadratic curve, curves of oscillation parts are fitted
by the local quadratic curves. Fig.9 shows the smoothed curves.
In the interpolation calculation, fitted data are used instead of
the actual data in order to get good interpolation results.

= Cl-72
~—o— Cd-71

—— Cd-72 « - Cl-71

Fig.8 Relationship between the angle of attack and the lift and
drag coefficients for M-FQ7 series.

100
.0
-1.5
e C1-73 —a— C1-72 # Cl-71
—a— (d-73 - Cd-72 —— Cd-T1
Fig.9 Smoothed curve.

3.3 Calculation results for the bare turbine

Fortran program is made based on the BEM method to
calculate the torque and power coefficients C, and C, of the
bare turbine for different tip speed ratios. Because of the
vortex system in the wake the tip loss is generated, which the
BEM method doesn’t consider. In order to get good results it is
necessary to apply one correction called Prandtl’s tip loss
factor to our calculation.

With relationships Cl( @ ) and Cd( o) for total eleven
sections the torque and power coefficients are derived, as
shown in Fig.10. In Fig.10, the horizontal axis is tip speed
ratio. It is very clear that calculation results are a little smaller
than experiment results when A is less than 2.0. But results
of calculation and experiment fit very well especially for Cg
when 1 is greater than 2.0. On condition that the incoming
flow velocity is about 1.0 m/s the turbine usually operates
between A=2.0 and 2 =3.0. That indicates the BEM method
can predict and estimate operating parameters of the actual
turbine very well.
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Fig.10 C, and C;, of the bare turbine.

3.4 Calculation results for the turbine with diffuser

Due to the diffuser vortices are restrained in the tip of the
blade so the tip loss isn’t considered in this case. The flow
field around the turbine is changed because of the diffuser,
which means the flow velocity distribution in the radial
direction at the rotor plane inside the diffuser should be
derived before using the BEM method.

200 ryadius .

Py

150 | R
100 " NS AR i

o , f velocity(m/s)
L0002 o o6 o8 1o iz 14
100 |- B NG o N
e e
-200

Fig.11 Flow velocity distribution inside the diffuser.

~ Fig.11 shows the flow velocity distribution got by the CFD
(Computational Fluid Dynamics) method-SCREW/TETRA for
Windows from CRADLE Co. Ltd. on condition that there is no
turbine inside the diffuser. The horizontal axis represents the
flow velocity, the vertical axis the radial position and the
origin the center position of the turbine hub. The mean value
of the flow velocity is 1.2m/s more or less. After getting the
flow velocity distribution the torque and power coefficients
can be derived easily using the similar calculation method as
the bare turbine. From Fig.11 it is noticed that the distribution
is not symmetric due to error of the CFD method. For all the
eleven sections the local wind velocity is got by interpolation
based on the velocity distribution. In order to improve the
precision of calculation we adopt the mean value of two
interpolations as the local flow velocity at the blade element
along the span.

Fig.12 gives us the calculation results of C, and C,,. It is
very clear that differences between calculation and experiment
results are big. Calculation results are about 3/4 experiment

results for both C; and C, but the whole trends of curves are
quite similar.

The velocity distribution derived from the CFD method
cannot reflect the real situation. The velocity distributions with
and without turbine inside the diffuser are very different
because the interaction between the turbine and the diffuser is
strong. If we want to get the correct flow velocity distribution
we have to consider the interaction.
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Fig.12 Cy and C,, of the turbine with diffuser.

.0 4.0

4. CONCLUSIONS

Model experiments were carried out for the bare turbine and
the turbine with the brimmed diffuser in the CWC. Experiment
results show the torque and output power of the turbine are
improved by attaching the brimmed diffuser. The BEM
method is used to predict and estimate C, and C, of the
turbines, which works very well for the bare turbine, but fails
to work for the turbine with diffuser by adopting the flow
velocity distribution inside the diffuser got by the CFD method.
It is necessary to consider the strong interaction between the
turbine and the diffuser for the case of the turbine with diffuser.
Next step is to get the correct flow velocity distribution at the
rotor plate inside the diffuser to improve the calculation
precision of the BEM method. Then we move the focus
forward to design the blade contour by the BEM method to get
better perfonnénce.
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Springing Analysis on 10,000 TEU containership
Jung-Hyun Kim, Byong-Chul Kang, Yonghwan Kim (Seoul National University)
This paper considers the ship springing analysis by using WISH-FLEX which has been developed at Seoul National
University for the analysis of hydroelasticity of hull girder loads in waves. WISH-FLEX is based on a hybrid BEM-FEM
method to couple the boundary value problems of two distinct domains: fluid and structure. To solve the hydrodynamic
field, a three-dimensional Rankine panel method is applied, while the structural responses and loads are obtained by
applying Vlasov beam theory. A strong-coupling scheme is used for solving fluid-structure interaction by an iteration
scheme. This study focuses particularly on the difference of computational results for different modeling of
hydrodynamics and structure. Even though the same computer code is applied, the computational results can be
dependent on user and/or the modeling of computational parameters such as grids, beam modeling, and the modeling of
external forces. The ship model in this study is a 10,000 TEU containership which has been experimented at
MOERI/KORDI as the WILS II project. The computed motion RAOs and the time-histories of load signal are compared
with experimental data, and the agreement and discrepancy are thoroughly described. This kind of observation may help
us to understand the uncertainty level of numerical analysis in ship springing analysis.
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A System for Loads and Load Effects of Ships Subjected to External and Internal Fluid Actions in Waves
Kosuke Seki, Kazuhiro Iijima and Masahiko Fujikubo (Osaka University)
Liquid cargo pressure may be estimated more rigorously by taking the internal liquid fluctuations into account for the
motion and load analysis within the context of linear potential theory. To this end, coupling analysis between ship and
liquid cargo is performed. Firstly, the liquid cargo model is implemented into the motion and load analysis system which
has been developed by ourselves. After showing the validation results, the analysis system is applied to an actual VLCC
which has large cargo tanks. Structural response of the VLCC considering the internal fluctuations is discussed.

Nonlinear Evolution of Rogue Waves on Currents: Numerical Simulation Based on the NLS Equation
Hanhong Hu and Ning Ma (Shanghai Jiao Tong University)
Nonlinear instability and evolution of deep-water rogue waves on following and opposing currents was described by
numerical simulation for laboratory investigation. The generation of rogue waves in the numerical tank modeling the
deepwater basin with a double-side multi-segmented wave-maker in Shanghai Jiao Tong University (SJTU) by means of
wave focusing technique is given. Here a spatial domain model of fourth order nonlinear Schrédinger (NLS) equation
was established for describing deep-water wave trains in the moving coordinate system. The transient water wave
(TWW) was set as the initial condition of the NLS equation. The steady current was added to see the effect of
wave-current interaction on the energy concentration of gravity waves. The influence of current as well as other terms in
the NLSC equations on wave height, inclination, particle velocity and acceleration are shown. Meanwhile, the focusing
time/space of TWW influenced by the current field is investigated, which is of course a very important factor in
experimental research when we generate rogue waves in the laboratory.

Development of Partitioned FSI Analysis Method
Kangping Liao, Changhong Hu (Kyushu University)
In this presentation, recent progress on numerical simulation of an elastic body impacting and penetrating a free
surface is reported. The FEM (Finite Element Method) is used for solving nonlinear structural deformation and the FDM
(Finite Difference Method) method based on CIP (Constraint Interpolation Profile) and THINC (Tangent of Hyperbloa
for Interface Capturing) scheme is applied for calculating the violent free surface flow. The FDM and FEM are coupled
by a block Gauss-Seidel procedure. Several numerical results are presented by using the proposed method.

Motion Analysis by Using a CIP-Based Numerical Method
K.K. Yang, Y. Kim (Seoul National University)
This presentation is about the current state of our development of CIP method for prediction of ship motion. In solving
the sloshing problem with violent free-surface motion, the CIP-based method provides reasonable results with
experiment. Especially, combination of the THINC and WLIC method gives closer pressure signal than the original
THINC method as a free-surface capturing scheme. In the two-dimensional rectangular shape cylinder case, the
CIP-based method gives reasonable added mass, damping coefficients and exciting force results compared with
experiment. In order to consider a three-dimensional complex body in a Cartesian grid system, a level-set based
algorithm for calculating the color function of solid phase is successfully implemented and tested for KVLCC2 and series
60 hull forms.

Effects of Varying Bathymetry on Floating Body Motion
’ T.Y. Kim, K.H. Kim, Y. Kim (Seoul National University)
This study aims the investigation of depth effects in the motion response of floating structures. To this end, a Rankine
panel method adopting higher-order B-spline basis function is applied in time domain. The topology of sea bottom is
assumed to be either constant or varied. Taking the advantage of the Rankine panel method, any bottom topology near
floating structures can be considered by distributing the solution panels on the bottom surface. The numerical analysis
includes the radiation, diffraction problems and floating motion responses for typical hull forms, e. g. LNG carrier and
barge. The result is compared with other numerical solution for validation purpose. The motion RAOs are observed for
different water depth and varying bottom topology.
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Aerodynamic Effects on the Motion of Offshore Wind Turbine in Waves
Yasunori Nihei (Osaka Prefecture University)
In this presentation, some recent research results are presented on the design of a new Tension Leg Platform (TLP)
type offshore wind turbine. Similarity condition for experiment, motion characteristics of the floating body, dynamics of
tower and mooring lines, and other electricity generation issues are discussed.

Wave Elevation around a 3D Floating Breakwater
Faisal Mahmuddin, Masashi Kashiwagi (Osaka University)
In order to predict the performance of a floating breakwater, the wave elevation around it needs to be measured. The
present study employs a well known numerical technique which is called the direct constant panel method to obtain the
velocity potentials which then are used to calculate the wave elevation around a 3D model. The results from this method
are validated using a method called higher order boundary element method (HOBEM) which utilizes quadratic 9-node
panel to represent the surface elements. The HOBEM has been proven to be able to compute accurately and effectively
the hydrodynamic properties of a floating object. Moreover, in both methods, a series of numerical accuracy confirmation
using energy conservation and Haskind-Newman relation is also performed in to confirm the results. The wave elevation
is measured in several different locations and the final performance is taken as average from measurement in these
locations. The obtained results from 3D model are also compared with its corresponding 2D computation results to
observe the 3D wave effect.

Introduction of Recent Underwater Vehicle Development in China
Bin Fu (Shanghai Jiao Tong University)
The recent underwater vehicle development is mainly focused on the R&D of 4500m ROV and Deep Towing System
for deep sea environment observatory. 4500m ROV is going to be a heavy-duty operating éystem with maximum power
of 130hp and 200kg payload applied in Class 4 ocean condition. And the Deep Towing System is able to works at 4000m
depth underwater with 4 knot maximum towing speed. Beside the engineering projects, we have done researches on long
cable dynamic models for 4500m ROV and Deep Towing System. We established discrete 2-dimension cable models to
simulate the real armed cable’s shape when it is moving underwater. Also we have studied the passive heave
compensation system to verify the solution to remove the resonance problem in the passive compensators.

Sloshing Model Tests for LNG Carrier
K.H. Kim, S.Y. Kim, Y. Kim (Seoul National University)
This paper considers the comparative study on the model-scale sloshing tests. There are two primary scopes of this
comparative study: comparison of sloshing pressure measured in 1/50-scale model tests at SNU with the data measured
at other facility in the same scale, and the data measured at a smaller scaled model. For the comparative study, 1/50-scale
and 1/70-scale model tanks are excited with same irregular motions and the pressure is measured at the same locations
during the simulations. The statistical quantities of 1/50-scale model test are compared with those of other facility and
1/70-scale model test. The differences on the statistical results are observed and discussed.

Research and Development of TLP Type Offshore Wind Turbines
Yasunori Nihei, Midori Matsuura (Osaka Prefecture University)
In this research, we will show a new approach to design a Tension Leg Platform (TLP) type offshore wind turbine.
Generally, TLPs are used in deepwater oil and gas development fields due to their favorable motion characteristics. In
this field, they have high set up costs. An upper structure of SMW wind turbine, however, is only 450tons at its total
weight, which is much lighter than that of oil and gas platforms. Therefore the displacement and water plane area of the
platform might be smaller. As a result, wave forces could decrease and it could lead initial tensions to be lower. This idea
that leads to low set up costs will be discussed and also principal particulars of two types of TLP prototypes will be
proposed in the present work. A tank test using 1/100 scale models was conducted under combined wind and wave
conditions in this work. We measured not only motion characteristics, tensions on tendons, but also rotation speed of the
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turbine blades. We will be introduced result of tank test in this paper.

Experimental Observation on Green-water Impact and Slamming
Sunbum Kim, Tomohiko Isshiki, Masashi Kashiwagi (Osaka University)
It is of great importance to develop a method which can compute strongly nonlinear phenomena such as green-water
impact and slamming with high accuracy and less computation time. Recently, a numerical method realizing this purpose
has been developed at RIAM, Kyushu University, and its computer code is named RIAM-CMEN (Computation Method
for Extremely Nonlinear hydrodynamics). In order to validate this method and to understand existing problems to be
studied further, firstly the experiments using a modified Wigley model with wider breadth were conducted at the towing
tank of Osaka University, measuring the time series of the pressure at six different positions on the fore deck and vertical
wall and at two different Froude numbers. Characteristics in measured results according to the difference in the forward
speed and measurement point were clearly observed. Physical explanation for those characteristics was made. Secondly,
a numerical computation method using RIAM-CMEN was introduced and a near-future plan conducting a comparison
between experiments and numerical computations was explained.

Calculation of Impact Load and Structural Response in Water-Elastic Body Impact Utilizing General-Purpose FE
Software
Masakazu Nakashima (Kyushu University)
As conventional load method for evaluation of bow flare slamming load, the equation for equivalent static pressure by
NBFD (New Bow Flare Damage) has used. But recently, container ships have become larger and faster, and bow flare
slamming impact load has increased. And NBFD gives lower pressure than actual one in some condition, because NBFD
has not considered the recent damaged ships’ cases. Moreover, the magnitude of impact pressure is affected by structural
rigidity. So, it’s demanded to be constructed an assessment technology of bow flare slamming impact load considering
Fluid-Structure Interaction. In this study, we have investigated calculation of impact load and structural response in
water-elastic body impact utilizing LS-DYNA.

Hydro-Elastoplasticity Approach for Dynamic Collapse Behavior of Hull Girder in Waves
Yasuyuki Goto (Osaka University)
A new approach to predicting the dynamic collapse behavior of ship’s hull girder in waves is proposed. The purpose of
this work is to evaluate the consequence of the collapse, which should draw more attentions with the recent increase of
interests in a risk-based design as the consequence, or to what extent the ship collapses, needs to be clarified in the risk
evaluation. Experimental validation work is also reported.

Application of the MPS Method for Ships' Dynamic Stability Problems
Tomohiro Sugimoto, Hirotada Hashimoto (Osaka University), Makoto Sueyoshi(Kyushu University)
Our research is about the dynamic coupling between floating body and fluid has become serious issue, e.g. sloshing of
LNG carriers, flooding of damaged ships, capsizing due to green water etc, and we applied the MPS (Moving Particle
Semi-implicit) method to solve such dynamic stability problems. Two problems have been studied recently. The first
problem is the coupling between ship rolling and tank liquid. The authors developed a hybrid numerical simulation
method for dynamic coupled motions of ship and tank liquid by combining the MPS method for solving a liquid motion
and a time-domain simulation of ship motions. A forced roll test for a water tank was conducted and compared with MPS
computation. The second problem is the coupling between ship motions and floodwater under damaged condition. The
authors try to develop a combined method in which ship hydrodynamic forces acting on intact parts are calculated by
ordinary strip theory and those on damaged parts are solved by the MPS method. Since the MPS method is a particle
method and fully Lagrangian meshless scheme, it could be applied to violent flow of floodwater.

Comparison of Numerical Simulation and Experiment for Floating Fish Cage Systems

Motoki Misaka, Makoto Sueyoshi (Kyushu University)
New progresses are reported in this presentation on the development of the numerical code for prediction of the
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performance of fish culturing system. The numerical method is based on a popular lumped mass method and multi-solid
body computation with 6-degree of freedom. It can compute complicated interaction among fish cages and mooring
systems consisted from synthetic cable and rigid buoys under current and wave conditions. Some recently obtained
validation computation results against a newly performed experiment were reported and discussed.

Numerical Simulation of Liquid-Gas Two-Phase Flow Driven by a Rotating Body
‘ Naruhiko Tan (Tokyo Institute of Technology)
Numerical simulation of two-phase flow driven by a rotating body was conducted. Rotating object was modeled by a
rotating cylindrical coordinate system and conservative level set method was used for gas-liquid interface tracking. Free
surface profile was visualized in photo-realistic way using VTK library and POV-Ray. In addition, teeth angle and height
were taken as parameters to study the effect of rotating object on frictional moment. Increase in teeth height led to
increase in frictional moment while frictional moment became flat as teeth angle increase. Validation will be conducted
by comparing with an experiment which is planned in near future.

4. BbhiZ

2 D43 B TR DR THIEBRIZ IR - B @ AR | 2 B0 B, 2 OBFET — < RO FEICBL
THIRZRD, AT DD O RESLERMRER LU CREL, 5 EOHEES TH I FiA-
Y | 2 B OX—T —REL T OO BB DR O FERL R 2 K C N TE, LRI 7D
HKEPMSERTE, SELIMNENSOBFEEBSML TN, T_XCOMRIE FEimd 8 1o,
EH-HE- BANSDOSINE DRSO FERDOBEEZ B> TEY, ZORRESN T CICHESRR
PR LU GRS CWAZ ARG LT,

ZOMRERIL, FRZT OTROEVFRE (RERADE D) 1o TRERWHIHIZZZ>TWAZLITHE
ETHY, BEFHEDEDACL> THTONTWEIEEE 2L, BHFRAMBEROTZDICEH, ZOBIEES
EREEL TITORETZEE X TV,

7 7 I A

B B: 2010 (Fpk22) £12H 21 H (Kk), 22H (K)
% BT TWNKRFBISHZFEFEEE 6 EW6 0 1 5=

12H21H (K

13:00~13:10 Opening Address
Masashi Kashiwagi (Osaka University)

13:10~13:40 Springing Analysis on 10,000TEU Containership
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Numerical Simulation of Liquid-Gas Two-Phase Flow Driven by a Rotating Body
Naruhiko Tan (Tokyo Institute of Technology)
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The oxide phase on Ti, TiO,, is known to affect their properties. Anatase has been
suggested to have excellent bone forming ability as compared to rutile. The anatase layer
formation on Ti and its alloys by thermal oxidation could be the low-cost and simple
surface treatment for improving their bone compatibility. We developed the two-step
thermal oxidation process for the anatase layer formation on CP Ti. At the first-step, CP Ti
is heat-treated in an Ar-CO atmosphere. At the second-step, the specimens were oxidized
in air, and anatase-rich layer was obtained in the case of that oxycarbide (TiC,Oy) single
phase was formed at the first-step. The immersion tests in simulated body fluid showed
that the anatase-rich layer improved the bone compatibility of CP Ti. The bonding
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strength between the anatase-rich layer and CP Ti was higher than 90 MPa.

(2)  Apatite formation in Hanks’ solution on Ca2SiO4films prepared by MOCVD*
o Nath Shekhar(Tohoku Univ.), Tu Rong, Goto Takashi

Although calcium phosphate and calcium titanates have been commonly studied as
biomaterials, calcium silicates are possible alternatives. In the Ca-Si-O system, there are
three main crystalline phases, namely, CaSiO;, Ca,SiO4 and Ca;SiOs. In vivo and in vitro
bone regeneration ability of Ca-Si-O films was indicated to be better than that of
B-Ca3(PO,),. Since sintered bodies of calcium silicates do not have sufficient mechanical
strength for application to artificial bones or dental implants, calcium silicates can be
coated on biomaterials such as ZrO,, Al,O3 and Ti-based alloys.

In the present study, Ca,SiO4 film in a single phase was prepared by metal-organic
chemical vapor deposition (MOCVD) and the apatite formation ability was evaluated by
an in vitro immersion test in a simulated body fluid.

(3)  EERVICEDPRUTI-2IND-13Ta-4.6Zr OFHIFERE DL LI L O AO#5E*
oHakan Yilmazer(BALK), FrF ek, FRIBHEFN,
fhFHIERE, 12 X, Fai—ERERR)
2FH B (RIRKFERFBLE SRR

A new biomedical B— type titanium alloy, Ti-29Nb-13Ta—4.6Zr (TNTZ) has been
developed by the authors. Severe plastic deformation (SPD) is a well-proved technique
for forming submicron— or nano—sized grain structures in metallic materials. The effect of
high—pressure torsion (HPT) processing on the microstructure and the mechanical
properties of TNTZ was systematically investigated in this study. TNTZ subjected to HPT
processing (TNTZupr) shows the nano—sized grains with high—angle grain boundary,
which are non—uniform with high dislocation density because of severe deformation. As a
result, TNTZgpr shows a high hardness of around 300 HV and a great tensile strength of
around 1050 MPa.

(4) U EA2 2 AL I (OCP) OV LA T 5 b
ofak TECEALKER), T E EA

Synthetic octacalcium phosphate (OCP) exhibits biodegradable characteristics if
implanted in various bone defects. OCP tends to convert to hydroxyapatite (HA) both in
vitro at physiologic pH and in the implanted sites. This conversion is accompanied by
calcium ion consumption from and phosphate ion release into the surrounding solution.
When OCP is incubated in culture medium, this tendency is more distinct as the dose of
OCP increased. The equilibrium is attained to approach to the saturation with respect to
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OCP but slightly to higher degree of supersaturation beyond OCP. The growth of mouse
bone marrow stromal ST-2 cells on OCP crystals is inhibited in the initial stage of
incubation while osteoblastic differentiation is facilitated at the later stage more than that
by HA crystals. The slight advancement of OCP hydrolysis into HA inhibits the
appearance of osteoclastic cells around the OCP-implant in rat tibia bone marrow spaces.
The results suggests that the characteristics of OCP which tend to convert to HA is a
factor that stimulates not only osteoblastic cellular activity but also osteoclastic cellular
response induced by OCP crystals.
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(6) REBEHLEANTEEINEPUSHHITRIETHE"
odbATEEEI(LKN), Wik &

Biomechanical analysis of a hip joint with resurface type prosthesis was performed to
characterize the stress conditions on the surfaces and interiors of the bones. Three
~ different types of cementing were considered in the analysis in order to assess the effects
of cementing on the stress state in the femoral head. The finite element analysis clearly
exhibited the existence of stress shielding due to the difference of elastic modulus
between the hard head component and the softer bone tissue. It was also found that the
cementing affects the stress states in the femoral head and a partial cementing with gap
region tends to increase the stress level. '

(7)) ARERELZAWEZER AT NEEOEE N s R
oENEE —(HIbKX), MAAREER, H)IIKER,
(R, thETEZE, Ex RiE—

This study aimed to clarify the mechanical stress distribution in the mandibular bone

with implants supporting an overdenture using the finite element analysis (FEA) based on
the morphological data and 3-dimensional(3-D) load measured in a subject.A couple of
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3-D FEA models were created based on data from a 62-year-old edentulous woman,
who had installed four implants in her mandible and wore an overdenture, using FEA
software (Patran). One model furnished four implants aligned as in the patient. In the
other model, each implant was aligned along the direction of the measured load vector in
maximum clenching in the patient. The result showsthat the stress distribution was
affected by the number of implants and the magnitude and the direction of occlusal load.
In addition, changing the implants’ alignment to the load direction reduced the von
Mises stress to the result from the model as the patient.

(8) INLEKERIZLATi-29Nb-13Ta-4.6Zr& &Ry RO FH Kk D E*
of fHIEMECRALK), FIF I, RIBEFN, - HE3E,
R EECRALR/BBRIERD, B —nERfIER

A biomedical B-type titanium alloy, Ti-29Nb-13Ta-4.6Zr (TNTZ) (mass%), which is
composed of non-toxic and allergy-free elements and exhibits low Young’s modulus
similar to that of cortical bone, has been developed by the authors. According to our
previous reports, the mechanical properties including fatigue property of TNTZ can be
improved significantly by thermomechanical treatments. On the other hand, fatigue
property is one of the most important properties when TNTZ is practically employed as a
material of metallic rod for spinal fixation. Therefore, in order to improve the fatigue
property of TNTZ, the thermomechanical treatment was optimized for this application in
this study.

(9) AEAFEM2 uRTix GE&OI7 iRk AR R
off F|EE(RALX), FFOLHE, MHIEM, RIEHEM, 7 HEE

The ® phase significantly influences mechanical properties of titanium alloys. It has
been reported that the ® phase can be introduced by deformation at room temperature in
several B-type titanium alloys. In this study, in order to exploit a new Ti alloy with
changeable Young’s modulus for biomedical applications, the effects of
deformation-induced phases on the mechanical properties of Ti-x binary alloys were
investigated. The alloys researched in this study exhibit low Young’s moduli after solution
treatment. Further, the Young’s moduli of them increase by cold rolling.

(1 0) Fine PET IZLBBRBAA—T T
RILBLECGRALKER), oluARR R, fAREL,
BHHPEE, [LIGTEE, AHEE, 4 RE—

This study aimed to examine the influence of early loading on dynamic changes of
bone metabolism around dental implants by using a Fine PET. Two titanium implants
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were inserted in the right tibiae of Wistar rats. 1 day after insertion, closed coil springs
with 4.0 N were applied to the implants. The rats with '*F ~ (5mCi/rat)
intravenously-injected were scanned by PET scanner at 4, 7, 14, 28 days after load
application. Round ROIs were set around the distal implant (right tibia) and at the intact
side (left tibia). Longitudinal dynamic changes in bone metabolism were evaluated by
examination of the accumulation count of '*F~at each ROI. The results shows that early
loading to the implant initially enhanced the bone metabolism around the implant,
however, metabolic activity returned to pre-loading level with time despite a static force
being applied to the implants.

(11) AFMICLOHERERIMEREICRE T 2/mEH
ORFFIIWOLRK), FHEREETE, SEER,
E 3, AREE:, Chen Zhao Xiao

Elastic modulus of cell is supposed to be an important parameter to monitor the activity
of cell and the local variation of stiffness within cell may have some relation to the
dynamics and force transfer of cell. Thus, it is desirable to obtain the local distribution of
stiffness. An atomic force microscope(AFM) is used to measure the local mechanical
properties of the cell and the experimental data obtained by the force curve mode are
analyzed with a Hertz model. However, several theoretical assumptions that the Hertz
model based on do no realized in the fore curve experiment on the cell. The objective of
our study is to improve the Hertz model to obtain the elastic modulus of the cells.
Relevant problems are also discussed in the present report.

(12) =a5—~Fscaffold I[CLAEAE O FEME
OZEBEELK), HIEBECLAER), HEE B(JLKN)

In this study, effects of cell seeding and mechanical stimulus on the multiplication
behavior and compressive mechanical property of collagen-based scaffolds were examined.
Osteoblast-like cells, MC3T3-E1, were seeded in two different types of collagen scaffold,
namely, PET fiber/collagen and honeycomb structured collagen up to 30 days and
compression tests were performed after 14 and 30 days. The honeycomb collagen exhibited
higher modulus than the PET/collagen and the modulus tends to increase due to cell seeding.
Compressive mechanical stimulus was also added to the seeding systems of the honeycomb
collagen with cells and such stimulus effectively increased the cell number and resulted in
dramatic increase of compressive modulus.

(13) MHRALTIUNEDEDOERZEEFHE* ,
oFRHEEZ (A KR), Wik BE(LK), Tz
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This study examined the deformation distribution around dental implants in cortical/
cancellous bone experimentally using sawbone bone models. Dental implants were placed
in the bone models and the displacement distribution was measured using a digital image
correlation method, and the strain distribution was evaluated under a compressive load
that simulated an occlusion force. Then, we compared the strain distributions around the
mandibular bone model between an osseointegrated implant and immediate-loaded
implant.
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Effects of slit angle of unidirectional arrayed chopped strands (UACS) on the thermal residual
stress in UACS/AI laminate
Jia Xue (L KBR), i X%, B 4, LR BEL LX)

A lot of researches about UACS have been conducted recently, but few reports have been
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published openly about the fiber metal laminate made with UACS. This paper focus on the
analysis of thermal residual stress in CFRP/Al (CARALL) fabricated with UACS, which is made
by cutting parallel slits on unidirectional carbon fiber prepreg. Six cases are prepared with
different slit angle 8, which is the angle between slit and fiber direction, including 5.7°, 11.3°,
16.7°, 31°, 45° and 90°. The distance between neighboring slits in fiber direction is 25mm in all
cases. Four pieces of prepreg (150x150x0.2mm) with alternate slit angle [0/-0/6/-0] are stacked
together in the same fiber direction with two aluminum layers (150x150x0.5mm) on each side, and
then fabricated using curing cycle recommended by the manufacturer of carbon fiber prepreg.
Tensile tests are performed to measure the tensile strength and yielding strain, which can be used
to calculate the thermal residuals stress using “yielding point shift” method. Experiment results
show that small slit angel lead to large tensile strength as expected, but thermal residual stress is
not consistent with slit angles. Among all the cases, specimen with slit angle of 11.3° is the most
impressive one with relatively high tensile strength and largest reduction of thermal residual stress
of 36.5% compared with CARALL fabricated using traditional CFRP.
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Thermal conductivity of unidirectional CF/Al composites fabricated by low pressure infiltration process was estimated. The
matrix material (Al-35wt%Cu) in CF/Al composites has lowthermal conductivity such as 71.7 Wm™'K™ in accordance with the
generation of intermetallic phasesuch as CuAl. The thermal conductivity of CF/Al composites with 30 vol% of CFs is about 273
Wm 'K, which is corresponding to 94% of the theoretical thermal conductivity by rule of mixture. The thermal conductivity of
CF/Al composites decreased with increasing temperature. The formation of Al,C; in CF/Al composites also degraded the
thermal conductivity of CF/Al composites.
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