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Fig.4 Coefficients of reflected and transmitted waves
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Initialization

Calculate mass M and damping matrixC

Calculate external force ™ Calculate effective force g
Calculate stiffness matrix ‘g Calculate displacement incremental 'K,z XAS = Fz
Calculate effective stiffness matrix'K Calculate nodal displacement, velocity and acceleration
;+A1S’ H-A’S.', 1+AS;

Iteration

t=t+At

1 KEEfT 7 o —F v — h
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Technical Review of Wave Energy Utilization
Beom-Soo Hyun (Korea Maritime University, Korea)
Due to the shortage of energy resources and due to the global warming problems, efforts to secure new
renewable energy resources are ever growing. Among various renewable resources wave energy resources are
huge but largely unutilized energy resources because of technical barriers involved. But there have been
developed many concepts and some of them are closing to the pre-commercial stage. This presentation
introduces the general status of wave energy concepts by showing various device types which represent
current wave energy converter (WEC) technology. Also this presentation introduces research activities and
governmental renewable energy policy, particularly focusing on the work being done in South Korea. Finally
this presentation concludes with suggestions of the perspectives of wave energy technologies in general.

Development of Marine Renewable Energy Generation System based on Seawater Exchange
Breakwater

Hee-Su Lee, Jong-Chun Park (Pusan National University, Korea)

Yong-Jin Cho (Dong-Eui University, Korea)

Both laboratory experiment and CFD have been carried out for development of marine renewable energy

generation system based on seawater exchange breakwater. The CFD simulation is used for understanding the
flow field of tidal jet. The experiment is carried for validation of the CFD result. Finally, estimation of the
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possibility of development using the proposed tidal jet generator is discussed.

On-sea Experiment of the Offshore Wind Power Generation by a Floating Platform in Hakata Bay
Yusaku Kyozuka (Kyushu University)
ZIK BIDEHAANE LR EBEOMAFRBLOHEET T D207 vy =/ (R &ML K- T
i) DFAN é:ijwb:;@ﬁm T OTE LB HE 1 R\ 58 FE AR O S SR RS i Shulz, 712, 2012 4F 9
HOBRE 16 5K ERF O RER LR IR OFHAES 10 3 1K T8 THAZREA 1IEF K3+
(R TR SR P E T AT LDV R R H ORDLE BRI R E DTS,

CFD Simulation of a Floating Wind Turbine Platform in Harsh Sea Condition
Changhong Hu (Kyushu University)
Numerical Simulation of a catenary moored floating wind turbine platform in large waves is carried out by
using the CFD code RIAM-CMEN. The effect of wind turbine and mooring line is included in the
computation. The strongly nonlinear wave-body interaction phenomenon of the platform is studied by the
CFD simulation.

R&D activities for the development of tidal stream energy in Korea

Beom-Soo Hyun (Korea Maritime University, Korea)
Korea relies on imported fossil fuels to meet its energy consumption demands. As such, there is a need to
investigate alternative energy resources such as renewable energy. In this presentation, the potential of tidal
stream energy R&D in Korea is introduced. Tidal energy and tidal current energy are likely to play an
important role in meeting the future energy needs of Korea, whereas the potentials of wave energy and ocean
thermal energy for the same are relatively low. The level of technical development and the renewable energy
market in Korea is currently in an early stage. The government will have to be more aggressive in the
promotion of renewable energy to achieve sustainable development in Korea.
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Development of an ocean current generator at OIST
Katsutoshi Shirasawa (Okinawa Institute of Science and Technology)
AR AN FBE R GEBFR OIST : A AR) TlE, 2012 4R L0 il A H A& L7 i 56 BB A 0O B %8
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Performance Characteristics of a Shrouded Tidal Current Turbine
Huihui Sun, Yusaku Kyozuka (Kyushu University)
Tidal current power generation is attracting more and more attention these days for its cleanliness,
predictability and reliability. A brimmed diffuser from wind-lens technology is tested in this study in order to
observe its effect on power generation efficiency in tidal current turbine systems. Validation experiments were
carried out in the circulating water channel for the bare turbine and the shrouded turbine, results of which
proved that the diffuser improved the performance of the tidal turbine. The computational fluid dynamics
(CFD) method and the blade element momentum (BEM) theory were used to evaluate the performance of the
bare turbine and the shrouded turbine. For tip speed ratios (TSRs) of 2.5 to 4.0, both CFD and BEM
calculations for the bare turbine were well-correlated with the experimental data. For the shrouded turbine,
CFD results failed to exactly reproduce the experimental results with the turbulence model and mesh size
utilized, but BEM results did succeed with TSRs greater than 3.0. Considering correlation with experimental
data and calculation time cost, BEM is a satisfactory method for evaluating the performance of a tidal current
turbine.
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Elastic characteristics of TLP type offshore wind turbines -Tank tests and simplified calculation method
Minori Kozen, Yasunori Nihei (Osaka Prefecture University)
Kazuhiro Iijima(Osaka University)
In this presentation, we will discuss about structural problems affecting TLP type offshore wind turbines
under wind and wave conditions. For TLP type offshore windturbines, structural problems haven’t been found
yet, however when talking about the use of wind turbines on a TLP structure we come to realize certain
problems. For example the bending vibration of the tower and the blades, the bending moments and inertia of
the upper structure under heavy sea conditions that might affect the mooring lines. Those are pressing issues
and it is therefore important to take them into consideration. So, in this study, we will perform some
experiments using appropriate “elastic model” of TLP type offshore wind turbines to observe those effects. We
have not only measured the loads on tension legs in waves and wind but also the bending stresses acting on
the tower and blades. We observed some phenomenon that will be reported later on, in this study.
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Table 1: FHEH

Diameter (m) D(=2R) 1.46
Skew angle (degs.) 0.0
Rake angle (degs.) 0.0
Number of blade Np 3
Power (W) P 610
Design wind speed (m/s) | U 1.2
Design tip speed ratio A 4.0
Wing section NACA 645-415
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H A D& QYA FE AR A FIH Lz, ¥ R SEER RIS T 288 BIIES T BiF b b ke BRI FEED
Fee ZpfE (BET L— RREY B TIRENE I K 2 AMED B LIHBICRRIE T D BROFMEERE <) OBLE 5 b RE
DOHETHDHEBZLND, WEIFAKEMELS , FEXTIETIERARH 0 | HEX TR L B EL2FERT 05
oD, FEETIHLE LTEENKLS 2 ENBEIZHE STV AR, 3R ERIFEEIZS W COIRE Y L — RO RS
BP R BT RRICRE R EERITT 2 EPBREND, £722 U —OFMEREENT, T ERED A 7 F v R
TR TEET DIERBEOLREMMER L VWO B TRERE®RELFOLEZ b D CERE, B2 ETIX 14n/s DORE TIEE
ITHIEEn5),

& 2 CARHFEREM S TIE, MESY U — O RIMECRE T 1 T OIS 2 Z R Lo 27— VR A RE L | G
MV FRGEFT DA T 2 ARl 2 FIO TSR & WV O A BRE T CORMRER AT LR S E O MM ZE)IZ ST
PRI R A S Z AR ENE T D,

. HROEKRMAE
(1]

AWFFET IV TRARIL TLP Z48E LT\ 2, TLP (TR COEFRICENE LR EEM O FHgEm & LT
BN S D LEZTNWD, A7 —/ERE 7 AV B ESLHA R RV X —BFSEET (NREL) 23 BEIZE 7 /LR &
LTHR LTV D SMW BB D HIFRIESED /T 2 —2 25, BEEE ORI W CHITRIEZ 20 % £ 2
VB 5 LRI RS R B IRNZ E R o T D, 22T B RS ORTA—FERTr—L
O HZ LRV A —ERIZREST 22 8 &7 %4, HEOHEANTRESY U— RET L — NCEHT 2
N
[2] A AlRABR

KIERBRIZBNTHE U —EHRLEE T L — RIMEHT 2T E— A b, AUHORR ST, RO EE G,
RIE), FTEAONEESDOFHNETT S,

. HR
(1] HRFERF
AWFFETITARE T D 1/50 27— AR A 9~ 5 R B O EF H % Tablel 1T 7.

Tablel Principal particulars of the scale model of the wind turbine

Items Unit Value
Scale ratio - 50
Number of blades - 3

Blade diameter [cm] 232
Height of the hub  [cm] 160
Tower diameter [cm] 3.2~5.5
Tower thickness = [mm] 1

F7- Fig. 1 (B R A D SMBLX 27~
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Fig.1 Exterior design of the TLP type wind turbine
BARNZIZ 2 U — 58, 7 L — NI, RBERICOTHTS =V 2T 5
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NEY ZOMIFIRENIT L — FORERIERT S EE 261522 CIO7 L— REERIZ L 2 #hiFiRE %2 BIV(Blade
Induced Vibration) & FES Z & & 975 Fig.2 (2 MEAMFER(Wind velocity 1.08[m/s]), ¥ HMF5R(Wave period 1.20[sec],Wave
height 10[cm|)(Z351F % & U —FLE D x @hla] W ITAEM S 2 #T £ — A > hORERINT —Z 2R d
15 —TT T T

Wind only condition
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Bending moment
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Wind velocity 1.08[m/s]
‘Wave period 1.20[sec]
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Fig.2 Bending moments on the tower
around x-axis due to constant wind

FEBRCHIA S A7z x BhE D Ol B — A 2 N ORIBIE, I EAGRERIZ B A RO 7 U —EEFRIC/ER 5 y = o
HFE—2 2 FOME L FEEDHETH o728 HIZFig2 705 Z O x #iilal T IEENL 5 RV HREEAEZ LTWD Z &2V
WTED.

s BR#EE
i TLP R BRARBEOBIEISEISOWT, Al REHE, S5, BT TR F R R,2012
F6H

ii. ELASTIC CHARACTERISTICS OF TLP TYPE OFFSHORE WIND TURBINE, Yasunori Nihei, Minori Kozen,
Kazuhiro lijima, ASME OMAE2012, 2012

o AR
e Hl K 4 T - & 53 IEIE~ B 4K
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Fig.1 Cell stretching device.
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L7z, 7z, w24 h & 48 h #H~ 2% &, SCX ITFFH ORI & - * o5 1045 2025 3008 4045 50-55 6065 70-75 80-85
T U7=2%, Col I, Col I IXfEHHEM AR LT=. —JF, 5% TiX24 h cell orientation (deg)
TO SCX LSBT R S 7einoTz, 72 15% Tid, FEEoREIC XY Fig.3 Cell orientation around 48 h stretch.
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Gene expression level relative to GAPDH
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Al & LClie b iR & 50 2 Lo 7. 525 S1Hz 15% 24h S 1Hz 15% 481
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: e Col I TNC
WIZEA T 2RI BV C, s~k %R

I WETFORFROAR A R H Fig.5 Protein expression of Col I and TNC after 5 % , 10 % and 15 % stretch, *P<0.05
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1 Introduction
Wind power electric generation has attracted attention
as one of the clean and renewable energies to prevent the
earth environment from the increase of carbon dioxide. A
lot of wind turbines have been installed at towers on
flatlands and coasts in most places. The selection of the
installation site is extremely important because wind
velocity is largely affected by the surface friction caused
by geographical features, and wind power is a function of
the cube of wind velocity. To minimize the surface
friction, offshore wind farms have also been developed in
an attempt to increase the use of renewable energy
sources. Research Institute for Applied Mechanics in
Kyushu University has developed a new type of offshore
wind farm with wind-lens turbines installed on a
hexagonal shape float in Hakata Bay. For the next field
study, it is planed that the research team will place larger
wind-lens turbines on a wider float outside of the bay.
Hence, it is required the research development of a
lightweight and high-strength material such as carbon
fiber reinforce plastic (CFRP) for the components of
wind-lens turbines to generate higher electric generation.
This study investigated the effect of non-uniformity on
property of CFRP fabricated by a vacuum assisted resin
transfer molding (VaRTM). Two kinds of tensile
specimens were sectioned from an inlet and vent location
of the CFPR plate. Acoustic emission (AE) signals were
monitored during tensile fracture test. Fracture surfaces
were observed after the tensile test. AE signals were
analyzed to study the delamination fracture behavior of
the CFRP specimens. The fracture behavior was
characterized from the amplitudes and first peak
frequencies of the AE signals.

2 Experimental methods

Laminated composite specimens with single edge notch
was fabricated by VaRTM process. The transverse flow
VaRTM setup, which is usually employed for fabrication
of vary large components, was chosen as shown in Fig. 1.
Unidirectional carbon fiber fabric (SAERTEX) were laid
up in a one-side mold with sequences of [+30/-30].
Teflon films were inserted as a starter crack in the two
edges as shown in Fig.2a. The fabrics were sealed in a
vacuum bag, and then the resin (Nagase ChemetX) was
impregnated with fiber layers using vacuum pressure.
Whole process was performed at room temperature.
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To make tensile specimens, ten pieces were sectioned
from the inlet and vent location of the plate (See Fig.2a).
The test piece has the geometry as shown in Fig. 2b. The
piece was packed between two rectangular epoxy plates
as shown in Fig. 3. The epoxy plates were used for
clamping the specimen to the fixture of a universal tensile
testing machine (Zwick250, testXpert). All tensile
specimens were tested under a displacement-controlled
condition using the tensile machine at a constant
crosshead rate of 1mm/min.

The AE signals were monitored during tensile loading
in real time. Two-channel AE detection system MSTRAS
2001 (Physical Acoustic Corp.) was used to record the AE
data. Two AE sensors, S1 and S2 (Physical Acoustic
Corp.), were attached to the epoxy plate surface using
vacuum grease and mechanical fixture, and the distance
between either of the two sensors and starter crack was
351 mm (See Fig. 3). AE measurement conditions of a
pre-amp 40dB, threshold level 40dB and sampling rate
4MHz were applied. To verify fracture mechanism, the
fracture surface was observed using scanning electron
microscope (SEM) and a CCD camera after the tensile
test.

3 Experimental results

Figures 4 and 5 show typical tensile load and
amplitude of AE signal as function of a time for the inlet
and vent specimens, respectively. Although there was data
scattering, the average tensile load of the inlet part (348N)
was higher than that of the vent part (321N). However, the
two specimens showed similar AE characteristics
regardless of the inlet and vent location (see Figs.4 and 5).

Two principal AE parameters, the amplitude and
frequency of fast Fourier transform (FFT), were
investigated at each AE signal. Refers to AE and fracture
surface characteristics, the crack propagation behavior can
be classified into five stages as shown in Fig. 6: (i) crack
initiation (40-45dB, 110-170KHz), (ii) opening over the
starter crack (AE signal weaker than threshold value), (iii)
slow crack growth (40-60dB, 110-260 KHz), (iv) crack
propagation (80-100dB, 110-170KHz), and (v) fast crack
propagation (40-80dB, 110-260KHz).

4 Reference
1) Enhancement of flow in VARTM using localized
induction heating , Composite Science and
Technology Vol. 63 15, 2201-2215, 2003
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E7o, FE—2A FOHBRIRKNTH .

Mr=%pU2CDAr
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ZITC, W U, ZEREE p, WPURE C), TL— FRERA ETD.
WIZ, FHESNTEHOT g b ZHNT, ZRENDEME U T7 L — FITEHAT 2=.07) P, L #NITE
— AN M, ZEE L. EON P, IR TH D

P, = EA; (g + &)
2
2T AFT V= ROOT AT =V Z A0 T I EOWEE TH L. HFE—A 2 N M, TR TH 5.

EZ(sf - er)
m=3

E 37 L — FOMEFMEARE, Z IWmERETH 5. £ 1ICHRMELOFHIMEL £ & D7,

K1 ELHEHTFE-AST

0° HEfEDH Y HLREAZ L
BE U[m/s] 15 | 20 | 25 15 | 20 | 25
[E1#5 45 [rpm] 201 | 270 | 291 | 122 | 153 | 196
FE R E[W] 482 | 1078 | 1801 | 158 | 343 | 721
O % e[ pe] 141 | 232 | 285 | 569 | 72.8 | 83.7
OFH g, [ne] 76.0 | 137 | 231 | 5.09 | 11.0 | 29.4

WL P (ERERIEIN] | 420 | 758 | 880 | 155 | 243 | 399

w0 P, GHAME)N] | 998 | 1697 | 2374 | 285 | 385 | 520
fiiFE—2 > b M, [Nm]
(PR E)
fiifE€—x > b M, [Nm]
(GHUAE)

7.78 | 13.8 | 21.6 | 7.78 | 13.8 | 21.6

7.07 | 103 | 5.87 | 5.63 | 6.72 | 5.90

FHAMEIC I W T L) P B LT E— A > b MITERWEA O 054, R UEGE T oHVEERURME LIZ
NRTREV., ZuE, BEIEICEZ 2 BGEOBEINC S B EAHIC LD, T L— RICAET 200 L
7272 ThdD. Fiz, HiFE—X 2 FOBEIMIT L — FOE®IZA U DEJEIZ LD OTHREMARKTE & &
ZHND. B & FHIMEICIIRE RBENA SN, 2 OJRRITW E IR DS E M - DR W & AE
L 7= Wil A, CWriARE Z OB E 2 RO 7= 2 L, 7L — REG TR BAE2EOIER)IC L 588 HE
L7zl & 7 L— R B JEGRDOE W ERETF 5 5.

3.1 AE—F

4 J O 2 T O[°]—7E & LIZBA 0 & OFADRE R, 7 L— FRAUO VT4 g 3D
HIMZAEDNEEIN L TV D ZAUFEGEOHIMNCAE O [ BRI E D 7 L — RIZAE T B0 /-8 Lz 72
ODThirEEZOND. 7L —ROXRHRIELDIALELOTAEMOKNTHD EEZOND. £z,
IO LITERERE L THIRICZ ENF R D, BRUROFETEOT AICEZN D DD, THidE
FURDOHHDENER L T D EEXLND.

500
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3.1.2 BE—E

5 KO 3 ICEGE U=15[m/s]— & & LTI=HE ORI & OTHOBEFREZRT. 0[°], 15[°NT R 30[°)IX ¥
OT BRI LTS, 2L, BaOZIic k> TT7 L— FOREIZAE L DEEN/NS K oo Tc T &M
KeEBEZOBND., ZhCLY, BREOEFRAHR Y ELHDNEL hol.
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32 £ RAMKDIRE)
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HELLEBOTAHICED I IITHET HNEERICIVRE L.
() =LA EHTE— A N OBGHME & FHAIMEIZREZEN A Uz, Wi IR DM 7= OB W & INE L
THRMEERDZZENFRKRD 1 >TH .
Q) JEEEEMZES T, 71— RIZELDZERFROEHOTRITRKEL otz
3) OTAHERITERAEOF I L > CTHEEWVIZRET o7z,
4) JEGEHEDENZEWERKROIEERIEIZEM Lz, 72, REELEMNL 2.

BECER

) BNHEE E - JRE L - fmE FE2 o TRV XRET L— ROEBOT Bl &I F758E - FamlE )
H A 2> 2008 A2 AR R R 2Rl am SUEE,  (2008).

2) SN RIS 1 R ZE T = R L 5 — ) R P R L4y BT
http://www.riam.kyushu-u.ac.jp/windeng/index.php

3) /NHIE ER L XREORET O FIKTEH, B AR PSR R R U5 CD-ROM, 2011-9-12, H
I LHERT

4) P E R L XEE T L — ROFHBOT A, B AR5 SC5E C fa, Vol. 76, No. 772, pp.
3336-3342, (2010).
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1. #%8

VR, 2L AT 0= L2 JBSEHATH DAL FUN, BRRELZIRET H1EAE2 622 & A
DT, BEARER L L TORZTFT AT 284 R ITTON TS, LarL, b 0Hf
ZEE, TOIFLEAENAZFUOHREICER LT-bDTHY, BEAERE~DIGHZBRH LIZFeixd
. —F, BIERKICH SN TOWAEHAEHDOANTHFIFIAAL A ET I v 7 ABREKRTHIEN D 7-DI1Z,
A - EEE A B CH 25 ITHAD & MEMERBEREINME L /oo T D, LIER- T, "M A&7
LI ALEREARY) v — 2B SR E HAERMEI OB RS ED LTV 5.

T ZCARMGETIE, AXTF 2GR LB HERAHE - BESHMEIOREEZBIEL, AFTF %2
FEEE D D IRIERIE I D S &, BRISHAPEA TWANRAL FTET I v 7 A THENA Fax T
2 A4 MR —T 4 T LTEEARE R E RS L, BB EATNE TS (FE-SEM) %
FAWTHIEE 2 BT 5 LS, JTEMI AR EZIIE Lo, S BT R& O CERAIR s B
Z 7 LSRRI B 2 54 L 7=

2. EBRFE

AL AT L (DCM) ZEEEEE LT, AREATEICEN D A0 ERIEO R U HLEE - 77V o — L igdt
HER(PLGA) H5WEIARY B 7'a T 7 k2 (PCL) DK 2 i L7z, IRIZ, 7 /L3 A Z F  (Fluvastatin,
Sodium Salt, 537 Co4HpsFNNaOy, 5315 433.45) & K IERIZ R S BTz ~A Ru X7 3% A | (HA)
ZHMRIET L — MEICID/ERILE, RV UL XU AR HA R 2 0S8 7-R) v =—
TV a— b (PVA) ICER LSy 72 HA 43 PVA JRIR 2 BREE, BB5UF A VT 1300°C T 3 IRl BERS L
ZAAREERL U7, ERLL 72 HA Z4L1K % B oo A % F- 243 PLGA & %\ ME PCL IAIRIC &R S Higli X
52 LT, ZHEORECAZ TV /PLGA HDWVIIAXF LV /PCL & a—TF 4 7 LI A F a6/
HEREIREER LTZ. £/, AXF U EEE/RWPLGA & PCL &2 HA ZfLIKICa—T 4 7tk, AH
F L KESHRIZ PLGA/GA & 5 MT PCL/HA AL KA BiR SEHEIE 5 2 & C, RifIEHESRLAKE
ZAER L7, Table | IT/FR L7 EREAMBOBERTL EIRESFMZ 7T,

VESRL L 728 R LR OIS 2 FE-SEM 2 W TEIZE L=, £7-, LR 7Bk 2 v C Tk
FIFR AR LT, RIS, SR E U o ERiRE AP K (PBS) ICIRIEL, £ v FaX—F—%
WC—EIRE 37°CTIRER., Wit EH 2 AW T PBS OWNEANET S Z & T, HARKIZ L% PBS
HDRHTF U PRIE DA Z T L 7=,

3. HREBR

Fig.1 |2 HA Z4LIK, A ¥ TF U ERREZIUK, RinimpHRZILUROMEMEEZ 7. Fig.l(a) & v T
B OZAERHEENTER SN TWD Z Enbnd. —J5, KOIZEWT, #HIRMEEIX PLGA, #
WHEE XA ZF o ThY, MBI PLGA IZE D+ AZFUBPREEISN TS Z NG D. ek,
PCL/HA B ERZIBIZEHNTSH, K1 &RBROMGEMEDBIZINT.

[ 2 (CJEREME SR & TR RS ORIERE R 2R3, [EfEHERER ) ~—a—F7 ¢ V72X 0T %
fHaicd 5. F72, PLGA 2—T 4 V' T DN PCL a—F 4 M L0 b EWiERE2 k408, Zh
I% PLGA @475 PCL KV WPERNE N LICERET 5. F£ho, AFTF U EaROFRER B EY
BPERNE L, A TFUDORARENBIERIEEL TV D b 0EEbiL o0, ZOFMRA T =X A
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IIAATHD.

SITHRAIR A BR OFER 279, X3 LV, PLGA/HA | PCL/HA (2T, A F o OBRBORE
DN END)D. T, PLGA A PCL X0 HAESMREENENZ EICERT I EE2LND. &
7o, REDHWIOF WAL F U EARED b BWVRBOEEZ R L T\ 5.

Table 1 Designations of the scaffolds and details of the mixing conditions.

Designation Coating composition [%] (Post-processing [%])
HA — (=)

HPS1 Statin [1]/ PLGA [1]/DCM [98] (—)

HPS2 Statin [1]/ PCL [1]/DCM [98] (—)

HPS3 PLGA[1]/DCM [99] ( Statin [1]/ DW [99])
HPS4 PCL[1]/DCM [99] ( Statin [1]/ DW [99])

(a) HA scaffold (b) Statin contained type (c) Surface distribution type
Fig.1 FE-SEM micrographs of PLGA/HA scaffold with statin.

0.0020—
B Modulus B  Strength — 4
4.0 100 = 1
- i i —_ = 0.0015-
A~ x 1 s g ]
R 80 2 = 1
= 3.0 - . = o 7
= i ] B0 S 0.0010
- 160 5 g 14
g 20 g z ) 11 —a— HPS2
N 4 2 E 00005- ~ = HPS3
g 20 £
o 8 0.0000 T 1T ‘ T LI ‘ T T 7T ‘ T T 7 ‘ T
oo 0 0 5 10 15 20
HA HPSI HPS2 HPS3 HPS4 Time [days]
Fig.2 Compressive properties. Fig.3 Drug release rate.
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1. Introduction

Bone resorption has been recognized as one of the complications after total hip arthroplasty. Due to the
implant with higher stiffness than bone tissue, stress shielding causes the bone density around the implant to
decrease. Although such resorption is controlled by complicated biological factors under the influence of
biomechanical conditions, simplified mechanical approach may be able to express the resorption behavior
approximately. Creating bone remodeling models has had considerable amount of research and various
algorithms and theoretical patterns using finite element method have been dewveloped [1,2]. However,
resoprtion within an inhomogeneous bone model is yet to be fully understood. In this study, a modified version
of Huiskes et al was implemented into Mechanical Finder to see the effects of resorption of bone model with
inhomogeneous material properties [3].

2. Analytical method

A three-dimensional femur model was constructed from CT data of a 68 year old male. The femoral head
was removed and an implant with a ball diameter size of 26mm was fitted into the femur as shown in Fig.1.
Contact between the implant and the femur was assumed to be bonded. Muscle forces were also ignored to
simplify the simulation.

Qa
23 Al
N

Fig. 1: Assembly of the model Fig. 2: Boundary and loading condition and BMD evaluation points

Material properties of the bone were determined from the CT data as analyzed by Carter et al [4]. Material
properties of the implant are shown in table 1. The boundary conditions are schematically shown in Fig.2.
Loading of 218% BM was determined by averaging load values determined from routine activities by
Bergmann et al. It was oriented at a frontal angle of 14-degrees and a transverse angle of 32-degrees. The
distal end of the femur was completely fixed. The remodeling algorithm was repeated over a 5 year period,
with the final age at 73 years old.

Table 1: Material properties of the implant

Property Ti-6Al-4V Alumina
Elastic Modulus (GPa) 113.8 370.0
Poisson ratio 0.342 0.220
Critical stress (GPa) 0.880 0.400
Yield Stress (GPa) 0.970 3.00
Density (g/cm®) 4.43 3.96

3. Results and discussion
Fig. 3 shows a simulated radiograph of the bone from initial age to 5 years. Changes in bone mineral
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density (BMD) are compiled in Fig.4 at six points in proximal side of the femur shown in Fig.2. Fig 5 shows
the changes in BMD as a percent of the original BMD at initial age after 5 years. It can be seen that both the
proximal and distal side experiences bone resorption. It is interesting to see that the density around the
greater trochanter appears to decrease significantly despite having almost no relationship with the implant
itself. Increase in BMD appears around the tip of the implant, which correlates with clinical studies as the tip
has been known to increase stress concentration.

/., - -
. /’*,/—x = &
\\
1 2 3 . 5
Year
——1P —8—2P —4—3P —<—4P —¥—5P —e—6P
Fig. 3: Simulated Radiographs Fig. 4: BMD along proximal side

Bone remodeling algorithms have been known to overestimate bone resportion. Furthermore, using a
simplified model (absence of muscle forces) also increases the chance of owerestimation, as strain
concentration around the attached area should result in a conservation effect. In order to realistically model
bone resorption, it is necessary to implement muscle forces, as to not overestimate bone resorption, and to
preserver bone density in areas that has does not undergo resorption.

4 4
5 5
6 6
T T — I T
40 20 0 -20 -40 -60 -60 -40 -20 0 20 40
Bone Loss (% of initial BMD) Bone Loss (% of initial BMD)

(a) Proximal side (b) Distal side
Fig. 5: Bone loss
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RRAEREERELL2— & B

1. #% B
FOBFAEREBEOSBH T, BAEETICETAMIENERITITONTWS., BAREE L LTL, 28
&% D scaffold Z IV CRIZER S A B2 LHIGHE - /b &, Ml EE (BCM) DOARKIZ KV EEk
MR ATER S B b OB ENTHAD, UL, Bifiacw s Ml s oL oMl ~53 b3 2 @i o
IMUEBEHIEI OO R 8 &, B RSN T ORI SRR IR RIS 2500 5 = &, BB 0 ) 22 ik o A (il A,
ERBFER ERARH 0 THD L Vo MBEANMER SN TS, £/, scaffold & L CIIAEREANE & AR
NN BER S B 72, HFHTTREARMEI AR SN TE Y, R ORIRNEHE LV ONFIRTH 5.

T TR T, BEAEEREDOTO OFBAERM BRI O 7= ORI E LT, BOMSTHLH =
T = L BRI AL D A RTEEE T X v 7 A B-TCP 72672 586 5% scaffold ZER L, 7~ MEHE
FRMHE RN ((MSC) Z 4B LB H M~k &8, 25— /B -TCP 4% scaffold DJE#E 1154
PERAE R RIET B SOWTHRD I L2 HIE L.

2. EEBAZX

27 —/% | B-TCP scaffold |THAEFLEEA FAWTER L7, 7 X EEHRZ A 1 a7 —F Ui as
— /g b B-TCP By ROEEILN 90:10 (2725 L 2 IZIRA S ¥, B 10mm OREZETFZES Smm O
VU arTARICEAL, -80°C THikE S8, T D%-50C CHMfEia1T - 72, SRS U723, 25%7
VBT VT B RKERIKIC L D8RR T TEBL, 0.IM 7 U L VIR COERET VT b REOLSET oy
7RV, BEVE L, BOWMRSERAIT 72?0, £, a5 —F 0 ORTERLL 7= scaffold 2 Helod 4 & L=,
VERL L 7= scaffold 127 v M EBEH SRS (KE-400) % 1.0X 10°cells/scaffold & 72 % X 9 IZ#BFEL,
AV Fa_X—FNT | FFHFHE IS, B (o -MEM, 10%FBS, 1% penicillin-streptomycin) % %
mu, 1 BRERSEEEZITo72. BH, A EFEmRs bt 70 A 2 b &G AR IC RN U7z ki Ess
b ASHa L, 1R A LT-. MRS O—EBIL Z L ICR B 2SI L, R ROBIEEZIT 72, £,
BN ORI L ALP IGMEEZ 7L — F ) —F—ZHWTHIELZ. 2 biE, v b — BBV THIA
BROEBRZAT, WE & LLBME L7z, & 512 FE-SEM |2 X A2 HEBELZEZITV, MO RE I U TEE
MZ1T->77.

3. MRLEE

27 —7%" 2/ B-TCP scaffold ™ F[HiFs L OEERE O SEM [ifg 2 X 1 12789 FLE&IT 50~150 1 m OHFIPHIZ /K
LTHD, REIZIEB-TCP BELTND. iy 2 B-TCP I LV REMOMMPBEER L TWDHA, Dk
9 Ie REVEIROZAL P HIRBOBAEVEC M DN DORBERET Z ENBEZXD XD,

9 \ ¢ 7.)/:, g’ P & g k. 4
(a) Porous structure (b) Surface morphology
Fig.1 FE-SEM micrographs of collagen/3-TCP scaffold.

At e ALP IEPEDZE LA X 2(a), X 2(b)ZENZEFLrT . Mg & ALP {HME & & ICE 3 W fRam 121 -
THMLTWD. MIfENE, B8 1 HES 28 HRIZT T, BEZ 345 2HMLTEBY, ALPEMEICHE
LTH 2RI TWA. £72, 27 —74 1 scaffold X 0 HEIIIRNEWRER & 22> 7. B-TCP M iefifin o
HEATE - b B K OVEMALICEEEZ KT L2 ERHERI SN D.

WA JEME PR OfE B2 X 3 127, Ko Cell culture FEIZAMMHETE L 72385 /7, Control I AN A #57E
LTCWARWHRBR A OFERTHD. 27 —4 1 scaffold ITMEEE &, 5538 2 WM CHMERIIEAD L, Z D Cell
culture FETIXHENN, Control FETIZ—E &7 o7=. Z U, HIJRMEHE - S{bOEBIZ L 2D EEZBND.
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—7J7, collagen/ B -TCP scaffold (X, B-TCP % &A SH7- 2 & CHIMEMEHMEE N 2T — 47 2 scaffold DI L%
52fEICH#I R UL7-. £77, Control BEICE~D L L0 EWIINZEE 2R L TEBY, EfEERNEE#Z 28 AR T
BLE16fEHE K L. £7=, Cell culture 73 Control

0.8

60 | ®Pure collagen scaffold T
u Pure collagen scaffold T

| mCollagen/-TCP scaffold

§0.7 1
o
206
Eos T
o
E 04
§.0.3 -
- A
EI- 0.2
201 -
0 il
1 7 14 21 28 1 7 " 21 28
Days in culture Days in culture

.= Collagen/$-TCP scaffold

(a) Cell number (b) ALP activity
Fig.2 Effects of cell culture on cell number and ALP activity.

FEL D BEWIHMERAZHERE L TWDZ &b ooz, ZAODOFE LV, fMIaHE L ECM AR X - THEH
DMV FRENHE M U722 ERHA LN TH LD, Ml e o7 — 7 VAR AIRIBIZ L0 MR SN
ZEHOMEDENEEL WD EEXLND.
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DEEFE - B L CO DR TR CTX 5. $£7-, MlaBELRIOETH HERIROMIEN ZEmR I 7.
BEIMBRIZRDE, KOMIEITHEEL TV, BRI LRI & A 5 3 D ke Rk S 2 5k
maEnr.

PLEOKER LY, 27— FZ B-TCP bl 2 0 S5 Z LT, B-TCP OFF MO - /3{big
HERERE S 2D R0 &, AARZR - ALP IGVEOBIN, BE/ RS U< XaKILERO S AN, TO/EE LT
JEHEHMER O R A2 BT b7 2 2R ENT-. B-TCP DIERE L LTIX, DALV ThAF 00 VA A D
BHRH Y, B OTEMEILIZ DN D EE X DLNDD, IS %ROBRFFEETH 5.

E 25 = Cell culture 5 18 _:- Cell culture
= u Control = = Control
ik )
S5 =
=i =
2 1.5 - 3 9
£ £
7] 7]
o 05 o
£ 5
§ o g =
0 7 14 21 28 0 7 14 21 28
Days in culture Days in culture
(a) Collagen scaffold (b) B-TCP/collagen scaffold.

Fig.3 Compressive modulus.

(a) 7 days (b) 14 days
Fig.4 FE-SEM micrographs of scaffold surfaces.
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1. #%s

HE LA OEITICEEY, ERERORREGIZILEARAIK E STV D, ARIIER
IZAERNICHE AR, SIS NARBEHC L v TV 72, Bl IEEEEMHOMEE L THERT
L, BREFIFEZLE L UL 20 IRRE(/ICE LT EEM OBRRNAREL 72 5. T T=
B A ORI PEM B LR U (L-3LER) (PLLA) AMEH ST\ 5 28, FIHIsRE S L O
BPERNE LR TIRWNZ &, SEERENEBITERGR LEF L TLE ) LW o 2EANR D
5. AR CIXEEEM A & U TOEERRIEMBIOERROIERE B E LT, BRIGHE A
PLLA X0 H#BICHE<, 7> PLLA LY b @EERR Y 7Y a— L EERPGAHTHEE ik 87
PGA il PLLA A EHTER L7-. PGA Ol S723%) 225°C & PLLA LV % 40°CLL EEn
Z L EFAT AL, PLLA OFtELL T PGA OFELL T ORI CIAREBT 5 2 212k b,
PGA ZHHEDIRBE TS ED Z LW ARETH D, AWMZETIE, PGA #kHE 2 IaRlERREIC T
PLLA 2@ s¥ 5 2 & CPLLA B{RL D & &8 T, ool I2EIL D PGA HiliETR{L
BEAEMEL EERLT 5 = & il Tz,

2. EBRHIA

JFEHE PLLA XL v F(EIHEFR) & PGA #ifE(7 > BR)TH 5H. PLLA O EE ¥y 1 &lT
1.838 X 105[g/moll, # 7 ABIRER L OEAITZNEN 65 CRB L U176 CTH S, £7- PGA D
WHERS, RS X O 7 AR L 20um, 225°CE L ON55°CTH S, {EMtIT PGA : PLLA
=1:99BLV5:95wthd Liz. £/, HEOAIC PLLABEAEKLHAELZ. Zhbida Ny F K
TR GE c BB DI £ L, 190°C, 50rpm, 5min O CIA@MIEHAZITo7-. Bbh
TREGWE R v N7 U AR OMBYERERIE L, E X230 150 8L O 350um L7257 4 VA%
Bz, BN 7 VAT 2 & T55X10X0.35mm3 @ Beam ik i & JE &0
0.15mm & 72 % JIST 52 o~ Likp &2 FHE L, e /15 bt O e 8 ERTHRD 2 F T 3 A5
FRBR B L OB IERBR AT - 72 BBRIEE X 37°C & L7-. 38T RB o 2 < BT 14mm,
AT Smm/min TITV, £ 57 mfEAN R LD JISTI7T1LIZESWTHIIT RS B IO
T MR B 2R 7=, BIERERO T v » 7 MIFEEEX 20mm, AH#EE 1L 2mm/min TiT-o 7-.
F 77, WRMEDREL T I0 DB A Wit T 5 72 912 PGA fk#EZ 5wt DEIS T—H i LT
KA > TR LB D ERL L, 5lERER 2 FiC & RO LM TITV, et 217 - 72,

100 5
37C = 37°C
| AETRER R RN ™ ot 9 ¢
- 44
E 60 0 g5 0000000000000 E 80 + i HE
g = 3
Za40f o770 | z
@ 13
—o— i
20 PLLA 60
——PGA1%
. ——PGA5S% *
0 l_ L L L 1 30 ] ] ] ] | | 2
0 001 0.02 003 0.04 0.05 0 1 2 3 4 5
Strain(-) PGA content{wt%o)

Fig.1 Stress-strain curves of PGA fiber Fig.2 Flexural properties of random
reinforced PLLA composites obtained from  oriented PGA fiber reinforced PLLA
3-point bending tests. composites.

— 273 —



3. FER

3 TR L v B oSO T AR E Fig.l 127, R PICIEE o %41 PLLA Bk
DOFERH A TRT. PLLA IZ PGA 245 M S E 5 2 & TAMAIEAOME X B L O K& 1%
L, ZOHEM31E PGA OEHENEIMT DIZHEVENM L TWD . BRSO b X 0 FF-
L7zorB LN EDfE R % Fig. 2 (21, AP #0212 PLLA BAO# R &b CORT.
PGA HINEOHINCED, aB XN EE HIZHEINLTEY, PGA % bwt%HiT 52 & Torlt
) 48%, Er 3K 36%HMNT 5.

FlIERER L 0 & o N HOF Al %2 Fig.3 (7. FKPICIXEk D %12 PLLA KD
By B TRY. PLLA I PGA 24 SE5 2 & Tl HONIRE<IETL, ZOETFHIE
PGA OEHENHEINT HICHEVNEIN L TW5. £72, PGA flfEx —FmIci A L= Sa X o
Orientation), AEKFHHONIMET L CW AR AMAHEI O & B L O s 71iEm E L T s,

ZDZ END PGA MEHEDEIZ Ko C, IEBEE TIES R EITSET D Z LI TE R0, i
THRHEIISET D Z EIEFEETH Y, 7= PGA M2 — HmICEY 35 2 & CHIERME L ST
HIZEMNARETOLDLZ ENghol-.

Fig.4 (25 3ERBRIC T/ b - Ak 2 E B E 7 IEMEE(SEMIC TR L=/ 2 1. AR
I T PGA #i#E 2 swt% sy ik S 723854 (Fig.4), Akt U CHE ST I Bem L7 i#E 2 <
BERIND. ZAUTIEEES CIERL L 7235412 PCGA N T o X LT L TWANSLTH Y,
Afrdh okt U CHEEE T I BL A U 72 flfE S E T 5 2 & Tl NS R OT A F TEDOREMN D
HEERE U T, ZIDOARLEEMENHE S NERE LT, Wl OO RE 2B 272Nz
EEZLND. —F, —HRAIZ PGA fi#E &2 B L7258, 7 X ABEM L TWAILED X D 7k
HE L RHH & ORIBEIZBIZZ ST, MHEOIRWET B SN2, Ziud— I PGA #EHEDSELS L C
WADEAIZIX, Ao U CERELTAICE S U7 ERN R ERET, T ifElIcAmTn4 <
%\Z) 7290, W KRE R OTATETIHADZ ENTE, RELTENOIINH ELTZHD L

265,

4. FLo

AWFFE T PGA fiifEsf i PLLA M B2 EIR L, PGA #7082 PLLA O F Feitds L O
GIRRFFEIZ KIE TR OV THRE L, BORERRIZLLTO®EY TH 5.
(1) HRENEHRIEIC T PGA M2 i 5 2 &L ClliidRetEidm B L,  PGA fikiE% swt% /i
% 2 & Corldh) 48%, ERIIA) 36% N L7
(2) ERUEMIEIC T PGA MiMEA /0 HCT 2 2 & THIRRHMEITSE S AT, BFH NI RE <IET
L7z, PGA itz —J51alZBesd 5 2 & THWHH OO T 242 >o, mKRISABNUES .
(3)  PGA fflfE /U L DR OV AR T3, Ao U CHE 7 A BLm U 72 iR FET D
Z L THEBA/NSROT AT TEORENOHMENEL, TIPOARREMBENFE SN L
WERETHD LH b

5. WFIEr%ES

MR ER - LR REb: BRTERrge Rt Bhé @&l

WRZE 03« TUM KIS F AR e T e HRE
70 - —
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=
B4o}
<
@
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Fig.3 Stress-strain curves of PGA fiber Fig.4 SEM micrographs of tensile fracture

reinforced PLLA composites obtained from surface of random oriented PGA fiber
tensile tests. reinforced PLLA composites.
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5y FENAIFHEIC X B SiC i o D SRR KE DO FEBEE B FT

CHERPERFEG TAMER WA ER

MEER - BRY
SiC 1INy RF v » FOMRIREES, AYsBRFICH L TERTHEEZALTEBY, &
HRDONANRT —F S 2R E LTRSS TV D, FidmREFORERES R—F
VTR O T DA A EANRFIZZEJL0M - R 72 E O RR KSR S dL, Z30 D ML
B BEET D2 & T 7 u R RIGICAKRKE LERDMER EICHEL 5 X 52 LA T
LA, ZOREOMRIIZIE SiC fEfTIZRT 2 KM OILEFENC T 2 M A A LETH
5. & ZCARBIETIERIG « AMPIEBEEICRET 2R A G52 LA B E LT, it
S FEI (MD) R = L—3 3 2 L 5 T SiC G s O SR B O R BT 21T - 7.
HE S
M1iZyIalb—yarerLant. R 1024
i THERk S5 4H-SiC flidh Ik FRIF (81 £72
X CIHF) % 1fEEE L, #&FRIRFOIEHY I = b
—vavETo . JEBARE DIIRERD ¢ ORI 1A
B#h 7 2 HEBE | r(to+t)-t(to) | Z M > TR L D kd iz,

1 K 1 SXRMEIEHEROY I = b
D = limgIrtto +) ~r()l?) BN

¥ F R OILBUTF A — OJRFDBBE T 501 Tlidke<, i ek T 57 F &
DANFEDLY BEETWD. £ TERICGGHET 2BRICIIRRE OV 2 fEAL
| (to+t)-t(to) |2 DFRFNZ HWo. FEREMRT 2R FIIE FREDLV 2B L TEB Y
Ry 2 RAMOBHEHIZIFIEE eI D), BENCEBRTOFSOLE
RS 2 FENHES.

SiCORT v /L% & L TiL Brenner A7 > 3 ¥ /L[1-3] & Tersoff 87 > o+ /L [4,5]
THEAT DRI A= RFEINTNDDOT, TNENDORT X VB E T A —H
ZZHWTH LI RO 21T o 7.

BREOEBE

X 2@)~2(dic C & Si R FOIEREEo7 =27 ny FE R LTS, KFo
“Interstitial” TR E LT C FRIE SR FAKE AR FE LTREL-ZEELZRDL
TWb., FEROFY T a & T T TORT v VB E T A —F DfAE DY
ERLTWSD., ZNLOREND, RT v VBB E RT A—FDMBEDEIZL ST
FERNKRES BRI D N5, FEB6]X Gao 5 MD FHEORER[7TITix C FH1 Dk
BARE DTN Si HF OB L Y —HU EREWERIRESNTEY, TNHLEEETH L,
B 2(a), 2(c), 2dDFERNEINL DOHE LFEROHEPZRLTNDEEZXDBND. ZDX
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INTHER N R o7 & LT, it MD R CIREARMIC RO B R 1 OF BAEH O
ZEBLTCNDD, KO /XT A —2 708 SiC fEd OFHEIC ST 7 Si-C fES T R F—
ZIEICRBER TS & LTH, R FAFRT HBRICSEZ C-C BLV Si-Si
BATRNVX =% EMEICRE TR ATRENEZ 6D . A% FERRR L OFEMR
ATV, BRXT A= DEYIEC OV TORFPMLETHH.

Temperature [K] Temperature [K]
3000 2500 2000 1500 1000 3000 2500 2000 1500 1000
(a) 10° g T T (b) 10° T T
O C (C interstitial) O C(C interstitial)
A O Si(C interstitial) " O Si (C interstitial)
P 10 O G (Siinterstitial) = 10 O G (Si interstitial)
2 O Si (Siinterstitial) 2 Si (Si interstitial)
S ——C (Gao et al.[7]) g —— C (Gao et al[7])
g 107°F <] o 5 —— Si (Gao et al[7]) g 10 —— Si (Gao et al[7])
. \ o e
S10°F 210
£ g £
13 17
S 107 S 107k
< c neo g 9
S 8 8
E -] [} 2
£ 107 8 o 8 £ 10°
a o o a
-5 ! ! ! " 1 ! 10° L 1 | | 1 L
0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 0.0010 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 0.0010
1/TIK'] /T K]
Temperature [K] Temperature [K]
(C) 3000 2500 2000 1500 1000 (d) 3000 2500 2000 1500 1000
10° T T 107 T T
O G (C interstitial) O G (G interstitial)
" O Si(C interstitial) i O Si (C interstitial)
= 10 O C (Si interstitial) = 10 O C (Si interstitial)
3 O Si (Siinterstitial) 2 O Si (Si interstitial)
e g E —— C (Gao et al[7]) o s o —— G (Gao et al [7])
£ 10 B —— Si (Gao et al[7]) £ 107 F —— Si (Gao et al[7])
F o o @ 2 o @
S 10" F o~ B S 10"k =
3] o
: : £
o |- T o
© 10 © 10
§ §
© ‘» [e] o
£ 10° £ 10°
a a
107 | 1 1 1 1 | 10° L 1 | | 1 L
0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 0.0010 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 0.0010
/7K /T K"

2 PEEUREB OIRERIENE: (a) Brenner N7 > 3 v /L[1,2], (b) Brenner 87 > 3 ¥
V3], (¢) Tersoff 7 > > v sL[4], (d) Tersoff "7 >+ /L[5]
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PRDDHZENTED LB, e .
2 TR K ST, MO X BEHV. REOMNLEDT S st | ke
XMOTZXNLF—(A~HkeV)ZHE L, TOARy OMEEZTH
LT, REREOT R LF—5E L, JELTHLNZT L
F—2ZE2R)DOT 7 v Z7OEHTRICY TEH D Z & THEE 0 2K
WD, TITOAIEFAYEY ROKTHBBETH S,

12.4 XER IR

2dsin 0 = ElkeV] (D

2: HE Yz kBt o BEARE

ZHUT Lo T, B O KR ORISR DO AR 0 ZRD D, £
ZTCRDT, AEOEICKL o THFRERBRD LN, TD
B BB O TR & AT LT,

3Ly, AEOZRLF—71F 0010 keV THH, =
DOE LV [FERIC A E 0 =14.3 mdeg & =R Y-48 R=20.0 m 23
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T XD EA DT NTEH LTRIRIZR > TV D Z &2y
Nz,

14.480 keV 14.482 keV 14.484 keV
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Evaluation of high temperature endurance in polymer matrix nanocomposites

fahi TERY & A
1. BFEDH

WA OEABRELO K ETHEIZHE S CO2 DRI L v, HIERBRRAL-CHIEREBR R O (LR & S 1
T, COHEHEDHIR OB RS, AEEHAEM. T, @RME) GBER S0 T B~ DO
HATWD, Z5 LI RND, BEMEOSTICT 77 7 uay—0BEE R0 AR ~—% T
JayRYy MBRBRINT.. 2O T, BHPRMFIEFTICCHRB SN T AR 6 7L ANAT Y >
R (NCH) MEHZED TN,

NCH i%, J@ikiEELFF>E L E ) vt A b Kilfid) oREHIcHFArr 6 DFETHL e -H 71
TIHELEFAL, ;A= M= —THBEETEEMEITHS. kDT A v 6 I2HAT,
EAREE, EE, SIHEWE, AN TR EOLS ETHLNRD oI FHEZEB L TND. b
DEFEZTED LHAEITRE T 2 — 704 A IV 7L E AR ENTWS. L, @ik
(T4 BB e TEONIT K L COMPANMENR S D720, HALRNT 24T 5 WERH DH. Fo. RIZITHE
TR BB DD 7 <, BREHTIERFHF MM T IER L SN TRV OBRBIRTH 5.

ZZTCAMRTIT= U P U — ANEOEIERE CHEH L2558 2108 U CARBELIE 2 E L, £k
#7° NCH OfIEICE 2 5B DWW THEZ T 2. BRIZIZY VA RO S A v 6, KO
LA GHZ 2wt% D NCH-2 O 2 FEOM B2 _—2 & LC, Hifgd LTHEE 80 °C, 120 °C, 150 °C
T 100 FEFIEVRFRILER A e U 73 2 A WO TRl IR K O 77 iBR 21T\, 7 — 2 fif L OV SEM (C
K Do BIER AT o 7.

2. MEHEERITIE

H o SNVITEROBIRRBR T O EEZ R T KERTHER LD, £/ v—HAEIC K - Tl
Stz ariRyy hT, 7 LA EEEARE 2wt%®D NCH-2 ZHf L=, s EHIERMO F A
a6 E MWk,

BURGAABRICIL, TR () v~ MY Wiz, BVBERITEEREE 80 °C, 120°C, 150°C
IZTHTo 7o, REBRTITFRERE £ T 30 0 CIREZLZ LA S8, BREIREICE LIZKEH2 5 100 FEH
BGLER A fi L, 4 R CTWREIZITY, FPNIRENSIBIZ R > 7O 2 MR L CRER T 2B L7z,

FIERBRIE, 75 50KN DL J7aEreE (() BERETR) 2 MW, HBREHIIIR I I
T, AWMOTAHEE 10251 12 TITo 7. AR, SRR & R URB 2 AV C, FREAHI#E T,
2 FE OB XTSIk 0.1, JEE%% 0.1Hz OIEERE TITo 72, R A 132G ZE RO LD & 80 °C T
BRBH 2R L72b D& Wz, 80 °C B D KNn/1lE, 71 12 6 Tld58~68MPa, NCH-2
TIX 756~85MPa (T TiTo 7. F7z, SIRMEBRFER, FEBHEROLBOIDEIRIZET 5FERT — 4 %
.

51 BEFBR TRk L 72 5080 O B AURIR IR B X OV & B AR E 1 BEMEE (SEM) & B 7 B SE I
FoTHIZE L. 61T, MW OBERREOBIE 21T o7
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3. MEREBLE

Fig. 1 125 RBROFE R H 15 D2 IRRE & BRFEIREOBMREZ =Y. ABRRREN AT L
EBICBIEREIMET L TCWA Z ENHEGRTE D, 9, TAur6IcEAT DL, SIRMEIXENGETE
AN 120 °C £ Tidb 0 4% D TH 523, 120 °C 725 150 °C TiX 49% Db Th 7=, KIZ,
NCH-2 [Z{EE T 5 &, BIEMRSIIBGEER NS 80°C £ T, LT 2%DJThH 503, 80°C 75 120
°C £ TIX 20% D, S5H12120°C 725 150°C 12725 & 54% D Th - 7-.
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Fig. 1 Ultimate tensile strength versus thermal exposure temperature at room temperature

Fig. 2 [ZOR & ARBIREOBR 27T, KPP ORANT, HMERBHOLMBRBER (25mm)
BZTH, BETELRP-T2Z L 2R LTS, TA 16T, PREATE 80 °C TIZANMBME)
FlH 2 B 2 72 72 ORI £ T o TH7eun s, 80°C 725 150 °C Tl 93%38i L7, NCH-2 Ti, g
BEHI7> 5 80 °C TIXMUHA 249%HIM L, 80 °C 7*5 150°C TiL 95% b L7z

257“‘\““““‘\“‘\“‘\“‘\“‘
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- \
X \
~ - /!\\
S 15" VA ]
S i // VA
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=] 10+ / v\ B
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5+ ] ) -
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Fig. 2 Elongation versus thermal exposure temperature at room temperature
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B OFERN S, NCH-2 @ 80°C 75 120 °C TIXSIEMEN A 1 6 ERBREICRY, 7 1A
LD NEZ > Tnd EEZDBRD. F72, 120°C 25 150°C Tl A 2 6, NCH-2 & (25]
BRERIE L OENKRE LD LTEY, BB ofbAEx b EBZxond

Fig. 3 (2 F7aBR O R DI DT I K 71 & MR Lo Bt & 3. BB ITRLEED D
L 80 COLDEMN., Ay 6 I FRARBELT Z LICXD 14%E 5758 E M Lizolzx L,
NCH-2 TiZ 8% & A 1t 6 1T TEGBE OB LI LNy hoT.

£, SIERER &l U ORI IIBIIERE L 0 LI RN KE L, BABRBORERRKENI LN
Dol BEZDOR I RFERERLIEONE-E D LIZEBIETDr>TELT, ZhnbREL T
SHERDD.

Fig. 4 |\ZZEFER 1O NCH-2 OB iEMNiH O G E % ~x7. Fig. 4 () L 0 W2 £ Tlok & < k%L
BaZ VIEMSE L Ex bhd. £z, BBAMEIC Fig. 4 OIS~ X 5 RBREZEBIET 5
ZLEMTE, TNHOBRENKET S ZETFig 4 QI T L) RERSE o7 EZLND.
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Fig. 3 Maximum stress versus number of cycles to failure

Fig. 4 Scanning electron micrographs of tensile fracture surface in NCH-2 as received
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Fig. 512 80 °C CEAEFBAIL A fi L 7= NCH-2 OB | R O BEE 473 . ki 2 Vg i o R
L D E/NS AR ET A - UIEMERIE L TV D 2 ERNbnD. £, BV Ol SR
B AEPER A Y AWHE IR TE 5. Fig. 5 OICITEMEEAR 2K 2 Lot Ao - as nd.
£/, R PIICEET DM OFLMTIE Fig. 5 (0) ITIXRBRA NE D b 8N EAE L TV DT
BT L LN TE.

Fig. 6 12 120 °C TEAZFELPEZfE L 7= NCH-2 O 5| 5B 05 H %2 /~:3. Fig. 6 (a)L b 80°C &I
EWRBRAICHONE & A EARLIVTHEMEMR & 72> T\ D, SR O MM LV <, RS TH
DA 7> B BURFRR T — RIS REMERE LIEEICE > 7- L £ 2 b5, Fig. 6 (b) X 0 MalEikim ok T
HDHVN—IE— B BETE. £, Fig. 6 (0 L VMEEESHENBIELTnD Z EflgETx
7. 150 °C TENRFALIE A i L7 NCH-2 O 53Rk %, 120 °C & s 2 & IFE TS - 7o fkif &
725 T Y [FU D B BRI — KU U7 MatEkm & 72 > T2 il SAHrIE 120 °C
ERICEIZHELTWD Z eI TE . MR ORI TH DL Y N—_F = 2@ TE T

Fig. 5 Scanning electron micrographs of tensile fracture surface in NCH-2 after

thermal exposure at 80 °C.

Fig. 6 Scanning electron micrographs of tensile fracture surface in NCH-2 after thermal

exposure at 120 °C.
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Fig. 712, EAERFBNIERT, HKISST 88MPa |2 TR IR 41T - 72 NCH-2 D9 F7 ki 0 5 5 % 7R~
F.OBEICED ETINSRMOEAED, EEMELZEE X BN, Fig 7@ &0 EAKRKGNEIET
SHEMEREIR A ISR T & 7. Fig. 7(b) L O MPEINERICRENBEL TWD Z ERnbnd. £, Fig. 7()
X0, MmECEMERREN A LI, Wi & NERmE T ICHERL RN H D Z EnbhoT-

Fig. 8 12, BVEBIRE 80°C, A&/ 88MPa (2 THeatBR & 1T - 7= NCH-2 O 57 ik i > 5.5 %
Y. BAERGERT L R U TR R TIERE L oo TV D 2 E D, 7z, Fig. 8 )X v, MMMk
MBS R UL S L e o 7o BT 2 BI85 Z L8 TE 2. Fig. 8 (o) L W MBI ERICER AN R A L
TNDZ N5,

ZDOFERMND, BRG] & 80 °C EGRFEALEE 2 it L 7= 3R i CIXm O REICZ L L TR 2
LMo, ThUE 80 °C ORARFTMH TITFEMELEICH E W Bzt Bbins.  MUOR
EFEAEBONTHEMEMEL TWE Z ER3bnsd. MBI REICRILOREIZ L) KRERBHENEAL
TWAHERTABIET DN TE . HELTEAROORAPBEL TV AT 2B T LN TX
7o, RERAMIEZ NN SBERL Y BRE» SN TRAENKE L TV AT 28852 L
MTE, RBPAESmPEALTWD I ERBIETE L. £z, BBANMICIIRmICALNIZKE @
WEBET L LN TER> - R EmND 100pm 1 EEA L TV A F OB TE -, 514,
EPMA (2 X 0 ER{LIED & 5 0 OfiR%E T H BN H 5.

Fig. 7 Scanning electron micrographs of fatigue fracture surface in NCH-2 at the

maximum stress of 88 MPa

Fig. 8 Scanning electron micrographs of fatigue fracture surface in NCH-2 after

thermal exposure at 80 °C at the maximum stress of SOMPa
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VAL K 25T 5 Z 3o oo, RIS IR & it U CERARIRIRE DR B2 TR0
TN ENThoTo. SIEMKTEELZ )G, NCH-2 IR CIIIEMETH - 7228, AARFIRED
ERITPECERER A SMa L U7z, ETTIRMTIBIEE N D, BREEALEERT & 80 °C TENRFR AL A it L 7o 3R
J IR =ik & e o 7

Lt%. BB OFE S LE R OFE A XOREZITV, BAERMICARBESREEA 25 2 2 B OH
BENAMETHS.
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4. MREHER
4.1 HEER

FEERCHT T 2 BB AI 0K & Z D7 RICE Fig.l, Tablel |2/R7. EERIZIZ PCCAREL L tanker fift
OB 2 HH L7z PCCAMEIIAMEIMILIRDE ) 3HHEOMMAMHEHT 5. X—2A &% 5K
(M12064), 58\7 L7 —%F3TIK (M12065), 7L 7 —EBICKEDOD R I T 4 T Ao 72K (M12066)
DIWEHTH 5.

F 7240, BRI & AR 2 5 5 412, tanker AN HF RN SR E RS —
DAL, EHHE LR TOIFEF WL OFHNE1T ). \Eﬁ&%ﬁkowfi&ﬂmmmmm
10.0, 9.75, 9.5, 9.25, 9.0, 8.75 @ 6 D DOLLMWTIH 12 (Fig.2), HE/IFHIDWTid ordinate 9.5, 1.5
D 2 OOFEREMBIEIZ iG> TRIE L7, B — V1, BUKHED» OIENTEHRZ TH LI EOMER
0FEE L, HI5EBEIITHHRET L. METIIZI5EL 90 xR\ 725 MICERE L7 (Fig.3).

Tablel F&IRIC

PCC Tanker

%H B ISR R HIEE AR EEETITAER
Wil 77 EER
Lypp (m) 2.5000 2.4000 2.4000
B (m) 0.4566 0.4000 0.4000
- = d (m) 0.1148 0.1280 0.1280
) T T 00w
B Cy 0.5046 0.8000 0.8000
Aw=>Sy (mz) 0.8125 0.8354 0.8354
TR (m) -0.1431 -0.0254 -0.0254
Ty Aw=>S51 (rnd) -0.1163 -0.0212 -0.0212
zp(=z¢g) (m) 0.0955 0.0510 0.0510
(=K B-d) (m) -0.0515 -0.0618 -0.0618
KB (m) 0.0633 0.0662 0.0662
BMr (m) 0.1937 0.1016 0.1016
BM;y, (m) 3.9405 3.2135 3.2135
KG (m) 0.1148 0.1010 0.1080
kyy/L (m) 0.2513 0.2530 0.2500
zg(=KG-d) (m) 0.0000 -0.0270 -0.0200
OP (m) -0.0337
Fig. 1 ftalEsl
. /o5t
‘ RLE®
RN
ORYVY
@ ord. 9.5 @ ord. 1.5

FroxIVES| 0 (degs) 2z (mm)

@ 20ch 0.0 -128.0

@ 21ch 15.0 -1254

® 22ch 30.0 -109.8

< @ 23ch 45.0 -813

= ® 24ch 60.0 483

® 25ch 75.0 2215

@ 26¢ch 90.0 0.0

® 27ch 0.0 -128.0

© 28ch 300 -1213

@ 29ch 45.0 -101.8

@ 30ch 60.0 -77.1

Fig. 2 ﬂ,\ﬁl Z_Ct(Ezl_J n‘l‘ ® 31ch 75.0 448

Fig. 3 HEETREM
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4.2 KIEHER

BRI H X, PCCARELIIAT L CTIEBEHIEEE 2 F 72 0EE) - SEPTEhIEtillEtbi s L O XMiic L - T
pH%E S 4172 multifold method |2 & V) IEEFWIEOFHNZ 179, FEERHIIHKT 2 MET 2w £
T2 AFH R = fUE S 2 I TR 1T o 72, TALEI AR AT D S v BEN7ZH.LE ) TH 5. Tanker
FREN L TIZ ERRICIN R, heave, pitch F1AIC BT % il B sl & J i) B & OHREoe,
FEHOFHIHATH . Fig 4 \ZEBEHIGEROFEREN, EBEHIRBREO Y X 7 LK% Fig.5 121
MU & 3 Bt & OB PCC O¥e, MAEMIE A 5 y=100mm, tanker AtEIDYE, fnfkr
K5 y=300mm DOLETDH 5. SREIEHFRRE - PRt 170 %a, EEEHIZEE T2 < HmiblE)
RREZEH L7 (Fig.6, Fig.7).

DAV |

77 77

9.310.0/0/0)0/000/00000600000-~0 — =)
v WA A Wit AEE
= == — — s
Yooe @ o Sewd |, — T
N B ¥
0 6 L = X
A &t Rrraxt & /f)?l(ﬁlfﬁ‘lf&%ﬁ
> O o

QMY H—

Fig. 5 #EEhFHIEES 27 AKX

Fig. 4 EBEHIIZE R EX

[PC] [(E=z2—H Jvoyar ]
Y 3TN 77 77
_%_’
_ N BHBEEE b
ﬁiﬁfﬂ v Bt 60000
= 7] A x
] Zh F 0 & prowny %x.
| 07 kst
_ F3(a) F3(f) X“
wrst [ 5 7>
— 7 fyA—
5 | : B F1 < x 4
) | ==Y S =
[EIETRESNI

T A Fig. 7 lBRRE S 2 7 A
Fig. 6 @) E e iE X ig i 1) B Y AT A

4.3 EBREM

EBRFEM1E PCCMAEIORA F, = 024 TA/L = 0.3 ~ 3.0 D& T - 72. Tanker M OB4
F, = 0.18 TEHU#HIPHIZ PCCAIFIEE A/L = 0.3 ~ 3.0 TH 5. AFHEIZIER AV (x = 180degs.).
5l heave AERO B O BIEIRIFIL £5=0.01m & 7 575, il pitch AEROBITAH TR EEO > ¥ 7 b &
180 BEANER 2 5 Z & T pitch MBI Z W EEIC L TV A 720, BEHRRIES, 25V 7 v Rild 5. Lzho
T&; = tan1(0.01/0.42) = 0.0238rad. & 7 4. WHBHEABROGHI N & LT, Mo illregoEBREM
Thb NL % KL IEL7-5H0 S CREI A 4T o 72, SHIEE P L5RHI B B ATHBU Sk 2 ;KM ©
N L= 0453 124 T 5 K. L=38700 %5, \/L=3.0IH4%F%KL=3328FCTTh5.
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4.4 R - ER
4.4.1 #AEHEHE

Fig.8 I heave 1#Bjj, pitch B L 72FED tanker AR O IIE & B & OWMEIREE, Fig.9 (295 H)
TJZRd. HECWE K, ORTTEL, #8485 & o T b, FEE L ORI strip E12 & 53
ETE A WA TV A, Strip FICHWARM T — 7 % Fig.10 12" 3. I EB L IR strip
L BHEE L ERMEE 2 T 5 L, KL ORWEIBIZ BV TEBRIHICHESRALONSE OO, i
FERE & —F LT Ab. FERRIZHEETIIIIZB VT strip {12 & AHEEE & EERMEICRK X AHLEITA S
N, stripBIC L BMETTOBHPERTH B Z LR TE T,

A33/pV B33/pVaw,
strip method strip method
@] experiment O experiment
2 2
& L O0—0O
; Naoh 00-010—° ]
Q \@TB\OD‘O\
0 0 ~C)\C>ﬁ._ Y
0 10 Z}QL 30 40 0 10 %QL 30 40
A53/pVL B53/pVoo,L
b strip method strip method
(@] experiment O experiment
0.1 0.1
e oQ g
0 0 000y
¥ 000 0 o o D 0o olo—o—1 o0
-0.1 -0.1
02, 10 20, 30 40 02, 10 20 30 40
A55/pVL? B55/pVa,L?
0.2 0.2
strip method strip method
O experiment O experiment
@]
0.1 0.1 \
POB oo [ O O o)
© %O\
0 10 Z}QL 30 40 0 10 %QL 30 40
A35/pVL B35/pVo L
0.2
strip method wj\?@cﬁ strip method
O experiment (@) experiment
O
0700 O O0——0—o]
000000~ ool 0
OO/
02, 10 20, 30 40 025 10 20, 30 40
. e N S e .
Fig. 8 Tanker BERIOIINE & L OV TR
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[E11/pgC BL
5 ‘

’ |E3|/pgC,BL

|ES|/pgt, BL?
2 T

strip method strip method strip method
04 O experiment (e} experiment (e} experiment
0.3 e
0.5 5 0.1 S CSECECH Mo
0.2 5 O o]
0.1
%" i @MA Ufyy)
0 0 0
0 1 WL 2 3 0 1 WL 2 3 0 1 WL 2 3
180 180 O 180
90 | o5 90 | 90— %]
0 S OU>o 0 07\\ 000D O o) 0 oJ \
-90 OG0y -90 { -90 &%&oﬁ
-180 =2 -180 oy -180
Fig. 9  Tanker B%I )k 5a il /)
0.05
-0.05
04 F
05 04 03 02 03 04 05
05 1
.0:
0.1 1 T
02— e : —
B 05 05
Fig. 10 HEstEICHWRMM T — %

4.4.2 MES

METZIR A2 L 72 PCC #% M12064 72 5 M12066 OARAES) % Fig.11 12, tanker ARH O A4 EE)
% Fig 12 \Z/R 9. foh 5 surge, heave, pitch &> TEY, &7 7 7 & HEHIIZAFEOWREDOHE
RICETH 5H N/L, ML EB)IRIE 2 A G CRITib L7z o, BRICHT 5oz R LT
5. Tanker i strip #5112 & 2 BFREIHE &, TREIBIFE - Jeomil DEERIC X W B SN2 S
BB AN A SR ER 2B L2 b0 LD E L7z,

PCC fitZ - tanker IRAL & b heave, pitch EE)IZBVTIZ N/L=1.0 2 72H 72 ) THEBO[EHH 52
FAET A DX LT, surge BENZIIFEFSTIIAEL 2. F72, Fig.11 @ heave, pitch :E &% 75 &,
FEEEHICBNT 7L 7 — %5 LREIO SR WEL R L TWwAb. Fig.12 O strip FI2 & 558 %
W% &, heave, pitch EB)OEBJIRMGASEERE & Bif 72 —3 % /R L7, surge, heave sEBONMAHIZ B
TIXHER RIS CERME E OMESRAONL. T2, W2 S8 L7 ES) & SEERE & % i3 5
&, heave DIEBJIRIFIC BT, FEFHSAED S N/ L=1.8 Dffit T THEEHE R & R 10% O E DS
AHNLHDOD, FTOMOFEI TILEEIRE, AHE bICHERE L Bif e —F2 /R LTy, FEEED
FIEDREDHNTEZ TRV EDHERTE 5.
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, g1rg, | , g3/¢, | , E5/k G, |
o M12064 (base) o M12064 (base) o M12064 (base)
° M12065 (with flare) ° M12065 (with flare) L] M12065 (with flare)
A M12066 (with flare2) A M12066 (with flare2) A M12066 (with flare2)
| BARe @
1 1 cna® @ 1 o
é . [A)
3 ) [l o)
—M& XT i >
0 0 Lo 0 L—gmon®
0 1 L 2 3 0 1 L 2 3 0 1 L 2 3
180 180 180 €0
90 é%)%zg§§§§1y1gotrg 90 Agqu& =
0 2 o° I —— v 00— 0 %ﬂ
-90 < 2 -90 & -90 ~ Ao a D
-180 -180 L -180 ERNWY el
Fig. 11  PCC BRI DR EE)
US g3/e, &5/k L,
2 2 : 2 :
strip method strip method strip method
[} experiment o experiment o experiment
. motion validation ° motion validation . motion validation
1 1 Bl 1 il 1N
[ ]
[ ] - fé
QO Q L] O o
0 58008 EPCAED 0 L—cnee®a 0
0 1 2 3 0 1 2 3 0 1 2 3
AL AL AL
180 180 180 @
90 %Z%O T TQ &/\ 90 @\ 8; |
o -
0 @V \ 0 o W)—e—o—o—ﬁ 0 @“ \
-90 o T —— -90 -90
_180 [e] OB. —180 ‘180
Fig. 12 Tanker BEI O AKHEB)

4.4.3 FETEF KR

Fig.13 |Z tanker iR A3 L 7200 279, L 6 5l heave UBR CRHI S L7290, il pitch #lER
TERM S 7200, Pombl DB Catill S 7zl EEERNHER CERHIl S N2, mtEEE -
Hl 77158k CRHI S N2 O FEAQE D WIE (superposed wave) & B FHAIEER CRHIl S M7z o 1
B EmoTWAh, FHINEHL B SR (space-fixed wave probes (SFWP)) & finfHlk & &t (ship-side wave
probes(SSWP)) @ 27 FrT17 9. FHM S 723021 sin B3 (Fig.13; 47), cos 47 (Fig.13; /2) 124315 T
WAL TWwa, B ARz 0 & LA 926 Ol » 200 L/2 TElo 727, i 3RIE
ZWRTTALL 72T & > T b,

Fig.13 & A% &, i EPEFHCRHI S 7208 ARt TRl S 20, MRk e &, =
G DRI EAEBFHI R THHI & N7 EER ORI O T 23RIED /NS . £72, heave radiation
wave, pitch radiation wave, diffraction wave & ZNENATHh S &, HLEDOEHIZIL diffraction wave

DB BT LT LD 05. NLEEREL T FEBROBEAZRL TW5.
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C/1Gl Co/1Gsl

Heave radiationwave [ ~7 """ 7777170 - space-fixed wave probes 2 T Heave radiation wave [ 77" " T TTroToooos space-fixed wave probes
- o ship-side wave probes 1 ship-side wave probes
e R s e 1 T S o A A S ——

/IE6I(X/2)
2 1l Pitch radiation wave

&/

Diffraction wave

measured wave (SFWP) e measured wave (SSWP)
superposed wave (SFWP) O superposed wave (SSWP)

4 \ ———— measured wave (SFWP) e measured wave (SSWP)
superposed wave (SFWP) o superposed wave (SSWP)

2 1 0 X/(L/2) -1 -2 -3 2 1 0 X/(L/2) -1 -2 -3
(a) cos component (b) sin component

Fig. 13  Tanker 8 OAMEIJETE (F,=0.18, \/L=1.2, K.L=10.44, (,=0.01m)

4.4.4 fiRfAREIES Smm%a

Fig.14 |2 \/L=1.2 12 B 2 K RIEER T 2R I l

ordinate9.5 & 1.5 (2B AW IZIH > 72E D%, IRIFE 4_ o s
AR AT TR LTV B Rl E BKIRT ) & R FEHR 3 Q |
EToLELIOMELOE mAmwmrLir: L O |
DFEE 0, HEMITIRBOMIRITE L o Tn 5. BEmE ol — e 5 o= 150 st |
L OWBO7012, strip L ZEATIRALENZ B1 S ]
57 xS ANVEOFEFRLFERIIIRLTHEL. 2 1 /,x:”rm:
N& b &, ordinate9d.5 DWIHIZEIT % =75, 90degs. J?::::j?ﬁﬂfmﬁ _____ el
T, T ¥ 8RR X D EEETE L D /NS W EAE 0 30§ (degs,) ©° 90
Wz, ZHEAREERSKE 221200, K 180 g——1—

FHEZIDIAA TR 7 — V2RO L TL T v, 904 _ ___._. A

M ENIES T — & ARERIC % 5 72 2 EHUEETH 0f-----7 .
HEEZOND. Figld \IRTIITRERILZ OFFEERIRD 90 |

7”-“»—&0)&\75\/@’ Eﬁ'@:% (EUéﬂf:Ej] %1@\/\, H%/J‘:% 180 = e} = A ———

EREEH LBEZ{To72bDTH LD, BT —4%
DFEIUIEE L\ 72w, KBHHEDIEIAVNS o7z,
Strip A L BfERE AL &, MEEMBOENICT ~
FONKIVETHEB LB REOMHEIR SN T, EBMEREIELTH Iy F 30V EIC L 58T
RN IC—HLTWE, DbErs, IERRENOREHIZIX, EWREOFER 3 KITHELZEEL
72T XAV EDTDPREDOENHEEZIT) TV TEDLIEDTN5.

Fig. 14  Tanker i O IEEH TS
(F,=0.18, A\/L=1.2, (,=0.01m)

4.4.5 EEM

Fig.15 12 PCC R O S E TR T & o ikt = e L7275 7 %, Fig.16 |2 tanker fREL O EE)F]
HIERER T O N TED S B SN 7@ IRPL & AR A DI, S /M S N, BEI» 555
NI-FEBEOIPIO I Z /R L TWa . I AFEOREOEKITTHETH S N/L, HEHITIRPLOHRIT
fEe L7z, WE»SIEIIZ BT A4, Rl SN2 IR R 2 AT §452 81250,
FRE OIRIER A % 22§ Kochin BI%t, R OZFIICEAZ 2T TSI 5 2 L2 X 0 IRPTms &
T&5.

Fig.15 # i5 &, HHEEHRIZBWT, 7L 7 — %5 LMBOERIEIIIV NS W EDEETE 5
M12065 DAL L M12066 OAREL 2 HR B &, FIERIFIZ B\ TEE A 12 M12066 AR D 5 234K/
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S <, [FRAREATE Tl M12065 SREL OOV S W & 2%h 2 4. Figle x A &, FHEREEHTIZ3
OIPUTK E ZMEII A S NS, [ AT CIGESHEHIEER CEHI S N0 A 5 J I S -k
P ERR O L AR 3UREERNMEE 2572, B EREGDEET - 2B SR 2 & L
7oA, EBRMEE ORISR ERMENR SN W &5, EBFHIEER CRHll S L7 IR A AR AN
DM T B IFEF WL & 0 WIRIEDS /NS K ho/7zb b ER NS,

5 o PEEL) 15 P /b0%E7
T T
©) M12064 (base) I O exp. (Load cell)
2 Mi2088 (with flree) L OB Seesed e
10 i 10 7 e
§ I oL
3 A e 3 AO
()
5 I 7o 8 5 | ?AAA@ A
L @ %a + AG AA)O R
A A
6 88@ ¢ . i@é@@@ R A A
I o A} 5 A
0 1 1 9 8 o a 0 . 5 B N &
0 1 L 2 3 0 1 ML 2 3
Fig. 15 PCC fipBl oo 3Hitsn Fig. 16  Tanker fiR%I OHHTIEIN
5. F&®

MMEIRO 7 L7 — 2 & L7- 3O PCC froER) & K, EEFEEE2eHILE L, MERIR
DEFIZL LEEBIZOWTEREEITo72. F72, tanker MVEELZHT L T H FEBEDOFH %47 - 72, Tanker
Bl OY; G, LRI, SREEFEER, MeoRbl R L IR L, AR < ST & RO BIERET R &
DR EITo 72, MAT, MEEEOIEFEE, MEROIEEEEIOHIEZIT, X0 RE#&ICYE
BHEEPFE L. ALV EONT/HRE RO L ITIRT.

(1) MR E) RAEDZHMT B, stripBIC X 2HEEICL Y, BEOSWREDZHENTL L
NTEBI L EMRLL.

(2) ARE7 LT — 2T 52 ETRERBICE T 2 MAEEE /NS {20, HEEED S R A
PO BT, R ks 2 3 R 2 iERE L 7.

(3) EB)FHIEER TH O NWIE OBtz HWM L, Fhll S-Skt e g 5 &, [FFH A
T 33 NME &L 22 o 72, THTIREREDLEWEIE & 72546, S EHIEER TR
SN OWIRIED /NS 2o TBY, ARMAAENR T 2 WHIRE L D /S WEsEHil sz 2
CICRRALTWwWLEEZLNS.

(4) AW OIFEFE ZFHIL, BEFHRFIE L ORERZIT) 2 & T, MAEBI I B WIS
THHTE S strip®d, HNOLN)WTRTALE, BERER 3 IRITCHZEOT Y ANDBA+45
THY), LV 3SWTUEEELLT X U3 IVEIC L AHEEPIENT WL 2 E DR T X7,
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4.1 HERR

Fig. 1IZAPMEH L7 E 20 FEEH 2R, WINOBEMOBYERBEIC L 2582 %R0 22 (/M &
T 5720, NCUHNZ L AEREIE LC\wa, FHE (73— - TRAMNZRE) 12O CIEFRO A
BHREL 2> TBY, BHROMICAR—HF—%2 AL LT, RSOLHEIWEICL->TWE, £
BN OWTIE, AR, BEOMMADPET TELMHICR > TV DM, HEEROEEATRERFRIZ, Ny
T — OB E NI SN bfEE LTwh, FHE, SR oMMmE 2w+ — FIZHD A
T CTHhLAHMEROA Y TRIEL, RATEEIAREEICLIVRETLILELTWS.

Principal dimensions
Main wing Front wing Tail wing Fuselage
Span (m) 1.34 0.42 0.45 0.19
chord length (m) 0.56 0.15 0.19 1.80
Project area (m”2) 0.53 0.06 0.06 0.29
Airfoil NACA3409 NACA0012 NACA0009 -
Main wing model Whole airframe model

Horizontal tail (attack angle : 0 deg. 2 deg.)

Screw for setting attack angle

E Without end plate  With end plate With end plate With end plate With end plate E E
: (+0cm) (+2cm) (+4cm) (+6cm)

Front wing ( attack angle : 0 deg. ~ 9 deg.)

Fig. 1: NC models and its principal dimensions
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4.2 IEFREXER

WIG OJa FR 85 $ HU T 65 OFRAT 2 1t L CHT ) 7200, BEREHENTE LR A5 v & ) 12K
FiREWETT 5 EDFHICEETH L. €2 CTHREDTIZ Fig. 2 OMAH IR T EETT 52
ET, BURIR & L2555 T 2558 2 ORI S 72 12 H5EE S 8¢, BEMNTE ToRF Y
BORBMENSL LREIT>TV5E, BEEPLOWENLE LT, BRBKOBEREL LIT5720, §i
PFERIE NCYIENC £ 0 8, AREE7 2 VWIS X W8T 5 2 & & L7z, CORG IR IC 8
DECEFER % FAV TR E 4 22381 2 J10d s A & 5HIl L 72458, CFD BHELC X 2 SRt R & 9k
WL —HLTBY, BERBHHEITET (Pointl) TIZHFAH1can DERBIESIZEETF>TWH I E
DR SNz, SEER T 2 BENEICH AR TORABIE S 1315108 <, ERICBIT 25 R B8
INSVEIEREIND.

Boundary layer is restarted.

Point1 Point2 Point3 Point4

1300

1875

3390

Z (m)
0.1 I T
CFD
o exp.
Point1 Point2 Point3 Point4
L1(0.121) L 1(0.35L) L | (0.5L) | (0.9L) P
R b
0.05
- [30mm |-=
B B 20m£|—> B [of
15mE|—> o
OIIII LLe L L 11l 11 1org Ll 1l 1raalod g Ll L1 L1l Ll L1 Ll Ll
10 15 20 25 10 15 20 25 10 15 20 25 10 15 20 25
U (m/s) U (m/s) U (m/s) U (m/s)

Fig. 2: Velocity distribution in vertical direction at several points (U = 20 m/s, L = 3.75m))

4.3 £ty 7 v T

REEROEBRZEE OGN % Fig. 3R, BIFHE 34 L

DEte v, o I (F), z 50 (Fs), y#fE)o'— x>
N (F5) #5HI L, o HIaNTEREATH A EIE, 2 FlandsmE b
ME#IE, =AY MIBEFIFHHZIEE L7,

lifting and lowering device

load cell

EBROEZRIIELT, RMITEERREROES HExa—F
FceTHRLTERTLLZ, Hic2BwblkeTs, 72, m— -

FREMOENHLIEDERIIAHE,LOREETE 1 L L
7oL XORHEEN O OMEEE L, ST LB X RTE O iR
POTHEOBFETTE 1 L LD, AR S OMEES L
TEEL TV,

experimental model

/ ground plate

Fig. 3: Experimental setup
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4.41 TRA - 7—/IN—FZEE

AR O KARATEEE H/c = 0.350 122V T, A2 bz Bimtch ) IRRE, | LIRBIZBwTzheh
R L 725 R % Fig. 4IRS, BB M 2L, B 1R 8 CL - BUUARE Cp - T OR
B Cp - HHi Cp/Cp WY, BEREFEORMEFERHR L LKL T o, MR ICET 2507713 2
RICHEBIEAT Y — V7 X-foil” DFUMEZBIERTHIE L 720 D& L TER L T 5. FEERE & 5HEH
RIIHELC—BELTBY, FEEROZLBEITHELTE S,

B a M L 5727 790, RAEWETULE L 20813 3° TH L g h, Rigka T
T2 &, ¥925% b OB SN 2 LG h 5. ZOMREHIILOMEINS RO N DIk, i
WDFHRANZ &0 ZDARB NS 2 & 12, PHREBIRWAT 52 L1252 2 e nh), HImhRA
DETMEFNIE 2 DI v, ERERBRL RTIE 2 LA TE& 5. ENPOGMER, RO
AHTED S WA, WA 1° OWMINZ XY, #2 cm AT EI§¢5 2 L2900 5.

K2, ARG & 5386 3° TORITEEZAL (Fig. 4) HGIZ2WTHGEES 5. H/c = 0.35~0.55
T, B EAMNIE- &) ERTHU, H/e250.2 O3 (BERIA 7 — )V T 10 em ) T
#25% b OESHTBY, MAEMEOREDIHRTE L. RITRENRE L R AI2ONT, BimiihET
DPEREZED/NS K 725 2 & RTHUL, MR RA TORIRDOBRDOKE AR TE 5.

C C C C
11— g . 01 — 1 ° h ol =
]
0.5 =B 1 005 05 = ! 0.05
’/(,_./1'—.— f‘ﬂ R T e
’/4' | ““""r/“/‘i/" """ B S S L
0 k= 0 i i 0 0
-3 4.0 1 2 3 4 5 32 a0 1 2 3 4 5 035 04 045 05 055 06 0.65 0.7 035 04 045 0.5 055 06 0.65 0.7
Attack angle ( degs. ) Attack angle ( degs. ) H/c H/c
C c./C c, cK
1 50 1 50
40 40
30 30
.
0.5 Poacer ;\-“ 2 / 9 .:\';>9 0.5 20 ‘;:1 ________________________
- S SSUSUD-CUUSUI (o) B L Ounn i 0
10
yd/ 0
0 |
I
B E 4

0 -10
5 035 04 045 05 055 0.6 0.65 0.7 035 04 045 05 055 06 065 0.7
c H/c

2 3 -1 0 1 2 3
Attack angle ( degs. ) Attack angle ( degs. )

Fig. 4: Aerodynamics properties of the main wing model with and without end plate

4.4.2 BiriiR S (LT 3T E

Fig. 5 ICRATHEEIZ—E L L, BimORI Z2@EN,S, 6 em I Lzb0 LKL 727 T 7 %R
. BPER LT 7 THREET 5 &, RITEESMRWGE, BiRSEWE2MERIE 125 2 &8
AR, RATEENE L 221200, HBPo&II/NE %), Hie=07I12BWTIE, HipKz
WX L72APERRIZIRC 25 2 D005, Bz M2 &1, BoREFELZELTILER),
PHORT ARG I NG, EBRERD>L L, RITHEENEWIGE IS W ISP EE O Eim ok
RBEEDLLBWEEFTRTLTEY, SHICECWRITEE CIE, BERSEIT ) DS EPUHAS 255 &
EZOND. —HT, RITEEMEVGEICBWCIRBERBREZMIEL 27728, HiltidEsn. coZ &
MNH, RATEEMEVIREBIZBW L, JihoMmi )b, BFRZ IV CSNAZE-IZTLI LI
L BN ROVEH DR E LN T D L V) TEPTES.

L7235 C, WHMREROFREZRETTLHO—2o0IFIEE LT, L) K& LMmasiiic L sk
M LA 472012, BiRESIIPOEMCEDLL T TELZ2TECLTHRFITTARELELEFEZALT
H59.
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c.C

L D
50 -
) Exp. (Normal type )
40 Cal. (Normaltype)
o) Exp. (6 cm added )
====-=-=- Cal. (6 cmadded)
30
Qe
------------------------- Q...
20 MB\C ==-0) 6 cm added end plate sssssss=secoc oo
10

0 I T T 1 I T T 1 I T T 1 I T 1 I T 1 I T T 1
0.4 0.45 0.5 0.55 0.6 0.65 0.7
H/c

Fig. 5: Aerodynamics properties of the main wing model ( Normal type & 6 cm added end plate )

4.4.3 #EREIRIERERER

X —AfF EAER AT IS L, @ISR T 2577y K77 v ONERBRTIT-72. BT 55
7 ET7 7 2B L0, 28O 7 N T 7 2 e AR O M E TS S € 7IREET A Y + — FIZHL
DRGERIIL 72, 25277y K77 Y IdNE 90 mm, YHE 114 mm, #&&AEELEAT 40000 rpm T
H5bH. WEIROT 7 O E —EICRD, E#EEZ 0 ~25 m/s DT 2.5 m/s T&IZZELS &, KR
BB BT — (W), Fx 25H45. LA VAEBEERZEELC, T2y r KT 12000 rpm,
15000 rpm, 20000 rpm ® 38 TIF->7z. Fig. 613527 b7 7 v 1 Bl cd ), LRIZH]
HR J L AT A MR Kt, ®% g OFKR, BIXOERICA T A MaEUE IR 725808 0 AL
20m/s BT E 7 7 v ol N EHT) T OBRE/RT. SHEE L TS BAEBRHBENIZOWT
3, ERIE 7.6 kef TH Y, HEKHEEE 70 km/h TOHHLILE 12 L5 25 &, BEHEINL 1 #4722
0.3kgf, BlH, 775 75 545 15000 rpm THITE W) T L2k 5.

K n T (kaf)
0.5 ‘ ‘ ‘ 1 3

L oo [

—o— K, b 25 ——o— V=200 (mfs)

0.4 seeBe--e q — 08 o |

L \]\ o7 [

i 2

0.3 0.6

R NEHE /
s H

0.2

0.1

L _‘A‘ —o.1
o ]

0 L L L L L L L L L L 0 0 7\ TR TETS= . S N N A N R Ll Ll

0 01 02 03 04 05 06 07 08 09 1 0 5000 10000 15000 20000 25000 30000

J N (rpm)

Fig. 6: Aerodynamics properties of the dacted fan ( 15000 rpm )

4.4.4 N7 — 1+ ZRURFER

HEAERR & PR S & 72 IRRE TR FRER 2 1T\, HEHEZR AL T WIREE L T 5. BRI e w R
ITIRRECIL, )& BEOPNIEHIN G- TV BRETRITL T\ 5. FEERTH UIREBEZERT 5720
12, EA—=F =L WIHFHIBERIC XY, ¥ 27 v 77 v oERZFHNL 2050 EBE2 {772, FHll&n
DAV b MERE I PO —F—TEbEL I ENEH L VOT, JooHEEe i TR 72,
15000 rpm FTBETOZES) T — % % 3, 4 MR L 72, BERH & K22 R BoOBGRE 7 7120, $ulin
0% bWOREERK #5571, T— A2 M %2852 LT, HEEFEREEOSEZE T2 Ko 7.
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4.4.4-1 FIBAAHPEICRITTRIE

HE LT 2 MR RER SRR O M L2 ZRE LT, MEZAT 27— FRAOHEREK
LTw5. 20720, WEROEHOLELY B OMEE T 5720, SREHROMEIIERAOZEE T
LRAHLETIHFEICHEEL 25, EREDHOIEEEDMIZE > TRECEHTLHOT, FEMM 6 &
P UIZBWVTHMEZE NI RIZTHELITR L2, 28, BEAMIZ0C CHELTHA. Fig. 7IHEESRT
TR S 7 IRRE T OB 35, Bk, SWEDHOMIEL & 57277 7 %R7. IR
WZOWTIERTEM A 6° & 9° 12X D AET 2H A0 ) OT, BRm 0o, rEdMm e 1I2B8nwT, &
A% BIRBIIRKE L o T,

BT, EHHLEEDL S, BEOETHREICOWTHEET S, §iE%E 9° TRE LML, Op i
FEERYTHE. D7 T 705, AN EITREICZ o 7212, EDHOCIEIREEOZELD b
BB L7080, HTITE— AL NEREIELIER gD A, LIzloT, Cp MG LY)TH S
FERELETNEFHALTVDE EF R, BIREEDNIZ SN TWE, 512, EEDAHS2.5~3°
X% 5728 2AHT, CpMBENLYRESEFICEC L) IERIEESHRETE 5. T IUIRREI A
KEL o 7HFICHIEDVCICREA AL L5720 TH Y, TORFEEHCT, BEIEDAZ & 5 72k
ICHTR 2 JEIC e &, BRRE A JCOIRREIIR T & Vo 7283 HIHATE 5. FIEMMA 9° TIE, 20
R HEMEDSIEIR T & 4728, A 6° ORFE, Op MFIZIZIZRIX N2> TBY, T %EE—
YIPBETETWARWD, DFHEOFEBRTIIIEDM LY 9° IR EL TTo T,

C, G,
0.6 I I 0.9
o5 H & EelnIsil) 0.8
| Cal. (a, =9 deg.) r
o 8§ o7
0.4 A o] P 4 o ©
- 0660 8 o o
0.3 e} I e,
o 8 0.5
0.2 I
0.4
0.1 0.3
0 . . : . 0.2 . . . .
-1 0 1 2 3 -1 0 1 2 3
o, (degs.) o, (degs.)

Fig. 7: Aerodynamics properties of the whole airframe model with thrust (H/c = 0.350 , ap = 0.0°)

4.4.4-2 #RDE - RITSEZEL

AR 90 ICREE L, B, RITEEZILEIT, BIERRECEE LT 2 Hiish R EE D 22
FEZ RS 5. Fig. 8 ICHEEREHURGE & IFEHINE COERFER 2R, G2 ERL 256,
JESI UL E DA 0° 1BV TH 2 cm #RIBLTWE Z L2055 Cp lFIEHE 23D 1275 T
By, BWEEEEZERTEZ TS, 72, HIREICE L T, HE#EGEL2BRBI T2 LT, #4%
DOEEESLND. Zhud, HFEERICEL Y R LR Z RN L FEDBIML, FRICE HIAE L Tw»
LIzOIEEEZOND.

SRRSOV T, HPUIERRAE A 00 1I2BWTH 125 TH 5705, RdDBVWEHIE GOSN S
WAL 1.5° THD I D mrolz. RATEEZLICE L TiE, TR & [FARC i Rh R o 52
RCHDL 2 ENTE, RATEE H/c = 0.35~0.70 I2BWTEIZH 18% b DILPUILE AT S 1 5 8Kk
THbLIEDahrol:.
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SRR BV T ERE R LR RP TR EMERICHAND T ) L —F L Tl epf
VY B A7) DR & ARIZE AT OFTERE RS, RIS HIPEH L Twa 2 eH
Do, BAEEREIC X VIEORENIRHEL CREI N T anZ LA L 2. HhFICIEE
NOBFREME LT, 7 v & RM2 iR A RRICEERICRITHE 2 6 TR R 217> T 525, i
FICE LT, FHERFORE ERRE I T Twawv, 2o 2 &R TREIE < 570 % 8/
LTl r® 2. SRoEE LT, BEFHEIZL VIREOREIZHEL CAEL 52 LT
L, EBRHREHERRPIIOBELC-HL TR EERLNS.

0.7

0.6

0.5

0.4

0.3

0.2

0.1

C Co C, d
@  Exp.  (withthrust) 0.1 0.5 @  Exp. (Withthrust) 0.05
[e} Exp. ( without thrust ) o Exp. ( Without thrust)
Cal. Cal.
0.4 0.04
:
Q ¢ 0.3 ‘ 0.03
o =" o Y -
0 9— e N 0.02 |6—=<
,L—T/M,/o/ 0.1 0.01
ol 0 0

1 2 . . . 5 . .5
o (degs.) H/c H/c

F— | o 0.5 10

0.5

1 2 . . 0.5 0.6 0.7
a, (degs.) Hic H/c

Fig. 8: Aerodynamics properties of the whole airframe model with and without thrust ( H/c = 0.350,
ap = 9.00, ar = 0.00, Qapr = 3.0° )
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Table 1 fffEES, FEBIKEE K AR E AR
| ntEEE | Bm | ms | sk |
001 #Y) » 7 | 45mm 30 £
002 #Y) » 7 | 45mm 45 &
003 HY) » 7 | 45mm 60 £
004 #Y) ¥ | 15mm 30 £
005 #Y) v | 15mm 45 &
006 #Y) ¥ | 15mm 60 £
007 H71) 7 | 30mm 30 &
008 H71) 7 | 30mm 45

Normal : SHIP-007

SHIP-001 SHIP-008

SHIP-002 SHIP-009

SHIP-003

SHIP-010

SHIP-004 SHIP-011 009 71771 27 | 30mm 60 £
010 TV TIN— - 30 £

SHIP-005 SHIP-012 011 TNV TIN— - 45 FE 2
012 TV T IN— - 45 &

SHIP-006 SHIP-013 013 TV IN— - 60 £

Fig. 1  fRERIRD 7 5 fHhatA
4.2 &R ER

6 7 NFtEHWT, F,, F,, F, KO M,, M, M, %zHl3 5. 645 J5HIBERE DM YLt Tl
HELTWD, SROEBETIE F, IZBWRE M Z RN, F, ICBWTHE L& ZEARE T 5.
AR DI & FEH % Fig. 2187, BElZ 5 — 07— 7 WICRELTRBY, AL 10 E5A
T-30 i 6 30 FEL TEZ CHERZITH. MEDPEIHOHIIZHVTWEKREZ 0FEE LTS, 72,
JEGR LRI B O BAFRE 12.0m /s TFT ) & &2 L7z, Fig. 3 (dla B A & SRl o % EIREEZ IR L T
5. FOBEREIE 1.7Tm Th Y, FEBICEKE L CTh 2 AAFHCR#E 2 > T\ 5,

zZo

| x <_l
Y L 2000.0 mm

B 358.0 mm

¥ j < ‘ D 3763 mm

i

7]
P =

o .
6n9HEt A=Y T—=TI
Fig. 2 HHIKE X OHH :%H
4.3 EEREH

JEE V, I o TO F, % 8ERTEAL L 2 iR RE IR O, 2, R0 &) IERT 5.

pre (1)
q="Lv? (2)

7272l SIIREOIETIEHNE, pl3Z2ROBETHY, $=0.102(m?), p=1.230(kg/m?) THtHE %
1To TV 5,
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4.4 ER - EER
(1) B2 J%fE 45mm

MRETZR 2 228 L 721 001 205 003 @, C, OIEJRER & e KA 3% Table 2 (2R3, A HHY AT
TWARWARE Normal ® C, =2l L C\WwA. Fig. 41 3& o) v 790 BIFAEZ &2, iMkmE
degs. & C, DFfRZRL T\ 5
TEARIIR T db 2 BRIAR O FHIAE 12 30 FE & -30 BEIWRRIED R S e\l G O A4 CTRGHE 2%E 9

WERLTW EE26NE. $72, 0EIIBITA C, OMIEA/NS V. ZIUIME FEHOTZIRDS
WALE 2o THY, JEHEZEEL TWE720THL. YY) » 72 i+ 52 & T, IEROREHEE
SHHMLTVRIZOELETY, Cp ZBMT AR EEONZ. 2O 45mm D7) ¥ 7% T 30
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DT, B OIS TIREEORRATHRE R 2 W INCIEFI BRI KM S 5 FEORENE STV,
D OREE RIS 2720121, FENFESAEMRNFEEZEMET L TEE L, BRICBWTEZH
I FHESCHBHE N LR L CFE 2 ED D20 ERN B D, —F, [EHEOF#RNGTY 7 v =7 Thd
Mechanical Finder ( (¥k) FHEAZEMIEL L ¥ —) 1L, BETIHERNOA 7T MEEZFRA L
ETNAASOFE, BLOIGCIENTE TO—EHOEEXE 1 Xy 7 —UTITH 2T ENTE LY 7 b
U7 THY, FRTTIE, BEAE, HRBLIOTLZEOESH CERICZ—YNEN->TND.
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15:30-15:40 3#7# 10 [The Finite Element Analysis of the Orthodontic Miniscrews:
The Effect of the Insertion Direction and Proximity to Tooth Root]
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(1) s 1 TATIRBEEN A > 7T v MIARDS KRR (2 R E 9528

WA, N TIEBEEI @ T IC W TR EE 2 i/ MRIZT A MIS EOBEE N EA S LTV 5. MIS Tl
B0 D/NENTEDIT, A 7T MAEARHZJE MBS EE S ND Z &3 5. SL-PLUS MIA stem /&
SL-PLUS standard stem 232, MISICHISTE 5L ICHBEENTZA T T R THY, AT LA
SMAIS g VA= DT A VEREE SN TS, AT AT P A BTN AT L JEFRERE OS5y
Fi=CMIFEE ENE, i D BUD BAic 8% 52 2 aetEnd 5. 4Abl, Hx XFREREEZ HNT
SL-PLUS MIA stem 33 &2 OV SL-PLUS standard stem 0 KBEE A4 57 & HIE L7z, ¥ 7=, dual-energy X-ray
absorptiometry {£%2 FIVWTKEEE BMD ZHIEL, M OOEELZ R L0 THET 5.

(2) 2 Mechanical Finder Z W2 JEMESIESE I suture anchor D 5] & # & 50 T

TBER W 2T ST ICB T 2 MONRENRIFEREERETH Y, FIRREEZETLHZ ENEZN. K
I B F i LT, T4 suture anchor EIREN DA 7T MEHWT, BEEHRTIC
BETHMANR2EIE L L TE TS, ZOMRIEMEkOBER FEEN L VIZDNIES TH DN,
KEBHRES & T 2R ETITBENICEA LT v I —BERE KT ZENH Y, BREOR
KIZ7 2 E@ESNTWD. LER-T, flx DIEFIZIWNTT A —DF % & 7o 3 fif B 2 AT
THITXIUL, IEOFAEZG LT 27-DICEbOTHEATOHLIEEXLND. TH LW RICH
SN, AR TIE, EREOBEMWRMEFHERF IV T Mechanical Finder & W=7 v b — DAk
SO TR TEEENLT A LR EE L.

(3) B3 AT T vT v h—%FA Uiz oM OB O A TR IR AT |

WO A D RE O—D2>Th 25 FEHATZHEDIREIE L LT, WEOLEITITH B EIRH 42 Bl
T, BEMEOGAITITERGIE & AR RBE ER2EAT 5 2 L0820, LaL, EFEICE
WTIE, BB THAIZHEDLA THh-oTh, ARNREZRET 72012, 1ERPLHNLNRTND
IAY—L 7Ty MIBIERA LTI T v —20H0 L, WG EIREREM CIThNn 2540
HD. ZOXIBBIEBEICBWTL, (EROBFEELZE T B NERATI L0 EE X
Hiv, ENLKSBWVWONEEOFEIEH I EIIZ LW ZFHRNICHIE L TR MLERH S, RIFZET
%, FTHERIZYEDOWEBIEIERAEEL T, VA Y~ 7975y bBXOA T T N T v h—%0F
AL T FEEH SR ZIZE LT ICBENT 28122V T, X B CT B HVER L= 3 kot FEEH4IE
FINCARE) B ZE D BT, UL Y —LT T4 v 2T T /UL L CHIRESRMBEN L7

(4) #7H 4 TAcetabular retroversion OB REE FZMEAT |
Closs—over sign %A 9 % acetabular retroversion X° global dyplasia I femoroacetabular
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inpingement %/ UZBEMERRBAEEDRIA & 725 Z & NITERE SN TWD. ZOWFZED BRI FAL
B OB AIRERMT 25 22, NFNRMESZHONITHZETHS. AW TIE, FAI
DMt LEZ2H 2B IOERK 1 EESSREL, O3 EEEHBERENT Y 7 by =T
Mechanical Finder ZHWTHEHT L7=. ZD#ER LY, FAI I TIEZAZRRICO DY NN KE L,
ISR D 3B BTz,

(5) 5 [HHEEEM IR 2BEMAR L EED » ROET U > 7 LIS IIFT

FHEEHEIT ORI E LT, BIALo E FORKICAZ Y 2—%4FAL, vy RTHEET D HE
DEAINTWS. LML, BOZOHFER, REREEICE) A7V a—L oy FOELRCHERD 3
ENRZ NS, By REDOEMOBEBEEZ LV EL TH0OBEDOKENRALNTND., 2D
72, vy ROKERRGICE, ToHEDEILE A7 ) 2 —DfRHCMER S & OBE A 5 M
THZERMETHY, AREZET NV EHAWZIIFFHMIAEH & 725, AIFFETIE, vy RO
EOEE BT ORIMEDZE L L 2, BHERAEITT 26 T 5 EBHERET VERBE L, T
W&V, vy ROMWEDZECBHERNIE 100 RIETHEZ R L.

(6) #yR 6 1PN SR 5 % F V) 7= MECHANTCAL FINDER 12 X A R A > 75 o MEAF [ OfET )
WRA 7T MEAGHEICEE LT, CT 7 —#ENDEBRSCEEZIE L ClEl A 77 M
ML, FHEERET DM Y — A RBELS EE LTS, LaL, IbidA 77 M
BERF OO JE P ISR DA EIRIL R IXEE SN TB LT, ARDZEMIILEORMNH S, A
X, R BFGDRC O THEBA > 7T > MO 5 RN ERRET —2 &, F—gREICEB
FTAHCTTF—ZZ2EIC L CTHERMPIRARMLZFEETLEZHWT, A 7T MEAT D
AR A 7T v NEFB BT D050 JE T B A2 AR BLE ) D RREEA2 T o 12,

(7) 7 THESHAA TS Tl X KEEE O S5k e & A

BHAED X 9 72 EBHEEEOUIRICE > T, KEEICKBEREXRENECT-SE, BEAATR
BEIERIC K D HENMTON TS, LaL, oKl A LRESEME TOE®RIN, AT
HON—RA=2 T, BDHIWVITKEEE AT LAOPHER EBEE SN 5. AL TIE, CTHiBEZ W TEE
BN ZE LT KRE»OIE B E CoOREMZR 3 ot FREET AV E2#E L, BEAANTIRE %
B LI-ETNANEREIE. RWT, ABICLAEVET Y o 7HiE%E A L 72 Mechanical Finder
ZRWT, IS rE o KERE N TRAFEBHE O 7% EESOT AR X —8EDOEIZHONT
P A1 T o 7.

(8) i 8 [ENERLBIHTEICH T D BHERO 3WILy I 2 b— a3 O A

BB BEEICRB W T, BEOERICERENBET AN ALND. ZOFRROFBAEIZS
WCIRBR RO EIL N E CTELAITONTE N, v Ea— X 2o BEBOERK Y I 2
—valOoNTEbLEV B I bl TR, BEEO3IRITY I =2 b—a VRARRIZRD &,
ZORA T = A LPN oD T, BRI EBEESEE & OBMR, B8RS E OBMRZ
FREECH LM T D2 N TE, BREOERTHICHLEM T EEZ10N5. £ T, AT
IIEPEICB T ABEBO 3WILY I alb— a2 EL, BT B CoMER 11 & OB%
IZOWTHRFT 2T 7D THRET 5.

(9) FEE 9 TEHEST XV EITTT 2 FHER 7 B EMT% O S 7RI 2 DT

JEMEZE PRI BIZ B W THERI AR Z M2 9 2 EFNIZR L T pedicle screw ZffH L cage &=
PLIF [ZEERRFM & 2> T D, LN LULITROEBE DO/ ET, 0%, BE%OFHEH
instrument @ J7I AR 64 A @A 1T 720y, 4 [E] Mechanical Finder % VT PLIF 7% @ [E € HE
B LW instrument ~D SRR T AT LTz, FOME, EALX VU FAL screw ~Dhis 118K &
VMEBIN S o 72, £72, B ARITEC instrument ~DJSINIBA T 203, KT 5 Z ST o 7=,

(1 0) ###H 10 [The Finite Element Analysis of the Orthodontic Miniscrews:
The Effect of the Insertion Direction and Proximity to Tooth Root]

To study the cha nge in stress and strain in bone around mini-implant in response to change in
insertion angle of mini -implant and also to change inits proximity to tooth ro ot. Angulation of
mini-implants revealed variation in stress and strain distribution around them, which reached highest
when the implants touch to the cortical bone at 50. Al so, the mini-implant that interferes with the PDL
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showed highest stresses and strain. At least, 0.5mm of cancellous bone around the mini-implant in all
directions is required to avoid the cortical and cancellous bone the high stresses and strains. Thus, it
could be concluded that mini-implants are stable when they have sufficient cancellous and cortical
bones.

(1 1) F 11 TRAT AT A 2 OFEWNT K D N B Ttk O KRB E AL O I 15547 O bhif |

AL NV RART ANEMEH L N TR ERNE, KRS EMGROEEEIIKTT5. A7 A
VT ER T stress—shielding M Z A Z ENZFDOFEKR E ShbIvTna. BIE, xR T AL OB X
N ARAT APNFEIESIVTWDOUE, B R PIIEE %2155 72O O HFIEROE DT A AT S
NTWABEDTHD. AFRETIE, 250082327 MIESWETYFAL L OEAY FLART
LTEBT D, itk OKERE OIS 104 OB A2 FIREREO FiEE VTR, TOHEEITH. £
K x DAT KNEEH U2 BE O KRB I OEEEECOBILEMEE LY, B TOREEEX S
NETHA v DAT AT, BEEOKTAME SND Z & EFEHT 5.

(1 2) i 12 THIRERMAT &2 A= Rilbe s B s OB 58 B ST

AT BB 8B E HTioxt LT, plate & W BLIMAVIEIE [E EIR TN D03, Z OIRICEZEM 2 kT
JEGZ UIE LIERERT 5. Fox L, FERENR FIEEZHOWTERNOEREZHIE L, plate ki EH O
FEY AT BHTETERWINEE Z 2. RO B RIBE BB e g BE Ic R T 2 BEEE,
B IR % Mechanical Finder Z W CHIE L, BEMOBEZHRITTHZETHD.

(1 3) G 13 TN LIXBIEIERSKIRE OF Y €7V > ZIZRIT RISV T

Bone resorption has been recognized as one of the complications after total hip arthroplasty. Due to
the implant with higher stiffness than bone tissue, stress shielding causes the bone density around the
implant to decrease. Although such resorption is controlled by complicated biological factors under the
influence of biomechanical conditions, simplified mechanical approach may be able to e xpress the
resorption behavior approximately. In this study, a modified version of Huiskes et al was implemented
into Mechanical Finder to see the ef fects of resorption of bone model with inhomogeneous material
properties.

(14) @K 14 [ 7F 0 NABBIZBT DBIENT I L OFERIEARNT D 5
BAIIAD=IINT 7 A X —%EH LT, WEFHAO b NEEBEIEZEEEREARD CT 7 — & D BT
ETIVEER L, WEA 7T MEIRICBUT 20T 21T > CT& T2, A=V T 74 X —IF,
CT fRIBIRF G ST DICOM 7 — X INDET VIR EZERCTZ 5. 72, CTEN O HF OEEKEE 2 KD,
HEEENO YV I RERHT D2 L CTHOIELENEEZET VKT HZ ENARETH D, BEIIT
LR 7220385 A & LTI I DB 2 7T L TV D D2, 2 OBIIEEM B O 21T 912 H 72 0 ##
TEMEAT TITo> CRWVODIZOWTEMIZE U2, AENEEM2F U< L2 T UiTxs L CRIBIRIT &
FERICARNT 24T\, BT D el % 5 A 7=

(15) R 15 NEHEREEMTIZ 1T 2 AR FABINTE — [ E BEREHER] ~ DB DT
TERLEEEZ AT DIEMEE MR BIZX L, pedicle screw & AW IEMEE EMRT AL L L TWD. L
ML, ZOIREREE IO ZABEMEREE S KX 2B > TWnD . A0 B 193 H BB #EE
Mr7' v 777 A O CHEMER 5 HER B E I O BE O CT I BIEHE 3 RITET VA ERL L, BEEEHER],
HERA~D T FRIRHE R OB HE R RS & OB ZHET 52 & Th D.

4. HEME

AWFFEERIE, [ Iab—ray) & [ 23—V —FE LT, EY FFICERIRD,
¥, LRICBWTERT 2090 E 2 —Ica L, fekiemty TE#FELZ B L CHELZL D TH S.
BIRAR 2L E LIZES, e, TEBIOBETIERES A — I NEEL OFICTBNES,
KRl & IR Em 2 B L CTHWW -, REE L XX H 4 EXZRBT LI TETHY,
AMTEERN, ZONHORBICEELEEZ R L E2EFE L TIEER.
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