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In this fiscal year, the sensing techniques for detecting the internal state of molded composite
are investigated in order to develop the smart manufacturing technology of composite
materials/structures. The following are detail results obtained:

(a) Sensing of curing state of matrix resin

We conducted molding experiments in embedding dielectric sensors between prepregs. It is
found that the curing state of matrix resin can be detected in autoclave molding process. For
RTM processing, we developed a new sensor by which both the resin flow front and curing state of
the resin can be detected.  Precise molding experiments showed that this new multi-functional
sensor system worked very well.

(b) Detection of internal strain

We used 2 different types of EFPI optical-fiber-strain sensor systems for monitoring the internal
strain of composite materials in molding process. The FRP laminates with matrix resin of epoxy
and bismaleimid resin are investigated. It is found that the embedding effects on the response of
EFPI sensors can appear sometimes and does not appear in other cases, and 2 types of EFPI
sensors have different sensitivity for strain.

(©) Detection of flow front

Using the aforementioned multi-functional sensor, we conducted a series of experiment for
specifying its capability of flow front detection of resin. The newly developed sensor system could
detect the flowing resin front with good accuracy in RTM resin filling stage.

One of main goals of the project is to perform process simulations of composites for
determination of the optimum processing conditions being based on the data of the internal state
of the materials. It is indispensable for such process simulation to furnish the fundamental
properties of the resin such as cure and flow characteristics. We obtained the DSC data of epoxy,
tough-epoxy and bismaleimid resins and deduced the reaction rate equations of these resins. We
also measured the viscosity of resins and then, using the reaction rate equation, we could obtain the

dependence of  the viscosity on temperature and the degree of cure. Because the wettability



between fibers and resin is a crucial factor in RTM processing, particularly in impregnation stage of
resin into fiber preforms, thus we measured the wettability between the reinforcing fibers (glass
fiber. carbon fiber) and thermosetting resins. For the press forming of thermoplastic composites,
we measured the data of the relation between temperature and melt visco-elasticity for PEEK and
poly-propylene resins etc.

For the embedding technique of the sensors and actuators mto smart composites, we observed
precisely the cross section of embedded part of EFPI optical fiber sensor by microscope. If the
optical fiber is in off-axis with the reinforcing fibers, the resin rich part is formed in the vicinity of the
embedded optical fiber sensor, and it is strongly suggested that it affect the mechanical performance
of the composite laminates. On the other hand, if the optical fiber is in co-axis with the reinforcing
fibers, the resin rich part does not appear and it is suitable for embedding optical fiber sensors.

In sammary, we obtained the results of confirming the composite product uniformity by
development of sensing techniques, determination of the optimum molding conditions by obtaining
basic data, and a way for embedding technology of sensors/actuators to smart composites. These
results are expected to much contribute to the energy-saving and resource-saving by product

uniformity, and by improving the cost-performance and reliability of composite products.

112 AX
(LHIFERFED B
REUL. BHHEATEDHI - #8555 > X7 LOBER. BLRNF—(bAFHT 270013, BAMEY
BEME Y T/ F21—5% KMELT, EOR7— MEEITS 2 EDREHTH L EEZ Sh3,
BEMBIEEN DX < — MU LD MEFOHEDE RN S LOEA T X8, MM EORR.
FPEBICET IR - ORISR TREL S0 MRS ORI, EEMtIERINS,
Z Z T AWFIRFESE A EEEYID 2 < — MUA SRS B L TORARIK LN L 2v— hw= 2
T70F ) o UERAERRT S EERNETEHDOTH S,
Qy2AkatE
@-1) 7 — T4tk
QFIIBIE 7 0+ X8 © &2 o o T EilOReT
BEFOBRREDE YT DO T OGRS LOMRSERORELT . KL Y ORAE, &
HRILEAKGETT 5,
OYRBIIE 7 02 X5 : €7V o 7Hikiobaz
A= b7 L=TEIPRTMBEIEIZENT, BEY 2 2L — 3 V&7 b DERET— 7 %45
H120. =7 MYy 7 AR OEBRMINANET 5, S 510, FERE Y7L EE RO THEILERIC
B BHNEDTE). A RS 2,
OFRIRIE 7 o= X80 « €7 o 7Bl ORR



W57V ZABIEICE T A BRI DR S F LT 08 XA O NTT B2, BB
OEBIHAFAIL. B 2 2 L— 3 VTBESYNET— 7 2 UET 3,
(AR EhT « BOEHEE AR

Bt LA EDAATEEMEIERIE L, £ OEDASRIETE L T 2, 2L T,
NODERARNT, Y ORESENASNLEE KD S,

@-2HIBIE 7 0t 2D T2 DOBIF
Tk 1 0B, BHFO YA RO THBOMbE=7 ) L 7%t L. KBS S 2 b—va v
DT — 7 ZWUET D, X, EEAMEHHEE N Y MO 2175 . BRI
Q) EIRIE 7 0+ ZEADBR
(a-)& v v BN
B EPERINE (57 7 TARF URIIER. MEWIERMED 20, BHFEO VY A2RNTA —
N7 L—T B TORMRIM LA A €= U L7 5 L TOMBES, BES Eaetd 3,
(@-2EFTV v 7 EINORRE
R TMEJEIZ SV 28T 7 + — L ORRHEI OB T 7 U LaE %,
OFMEEE Y. T 7 F 2 T— 57 FEO LRI OEL
(b- 1) {4 DFRA & R Bety
BIEHIZ 2 TS, BRI T Z SO BIERE ORI AT

@-3)HIF R P 7L AN D LM DB

PHERE & LT, EREEOMA MR ZMET U TBAT 2 & & bic, EittT— & OIUE ERUSALT
9o HEARERGHES UMM T — ZIBED7- I, BHEREIC X 288 A OB 1T,
(QBATEF R PO 7L 2

- BE T Ot R A FHNCBER T A1 DB ARG L. BAT S,

- BIEY 2 2 L— Y g VICLBEISEMYEO T — 7 Pk, FHAEEEDOEAEIT D,
b)EEELF R PDOR TMAIE

- BREE Y LT AN Z X LOERHIMRE AT D & & biT. BIEEBREBR OGS BAETT D,
-7 M) v 7 ZBIIROEBINE T — 7 AW T

TR DE &6
@3- DEIIBIE 7 0 & B DOBaF
()t ¥ v TER DML
(a-1) BIEBRRIZEIT 5NEMREE o VTR Y
O< MYy 7 RO LRERK L Y
< MYy 7 ZIROR LARREOR IS, BIEDMLIC &L 5 FEFHEOZ AT A Z &



(ZRDAMGELTS D, £ 2T, ARFFETIE FRP BEGICESAB DT L 51T, 7L+ T Ui
B F 7 4 WAIZBRE T b LIMTER S Y A4EH Lz,
OWIBNG ARE R — b 7 L—THK)

A= 7 V=T ET B ERONTOTAREITIE. EDALDEEIVITL . B
BONVZEZY Y U TIZHERABETH B EEZ SNB EFPL T 74\ OF Sk L4 448
FAUTco ABIRTIE &2 v 0 ZEOHEDY LRILS 2 FEKID EFPL LT 7 1 75t V4 Type
A (FISO #8 & Type B (F&S 82 M LTEB-1).1). 9. IWEBRICHITZHS %/
TAF S EBROWNEO G AREEIT -7, KB3-1).2 & 312 /it GFRP Bt b
HETT I L OMME & 50T 2 HOWNE O T ARER A 2 h2Huid, COERLD . ik
WD D HFE(SIE G 200 2 LI T, Type B D& L+ 138 b & 152592 514
IZOWTH RO BARE L TH Y« EHEPOSDORETE A DISH LT, Type A O
T HEBHEMOTBERILL T B I &t s, WO AYMIERRETH 3 2 Edvbin-12(
@-D.3)e ZHUT. K@B-D1ITRTE S OHEOHEIC IR 2 bDEEZ oh b, L
Us S8GHHMES DO BRIERERD S Type B £ 243 Type A & L HITHAT, 4 — k2
L—T NS L TOFAADEA L TEH D Type A IZHART, BEDE D &%
M-72®(3-1).2)0 THIT, THHDEERLD, 2 DL A NI B Z Eizk b, kDb
(RIS 2 VTR TR BulfErED v RE NI,

High—-temperaturs
polyimide coating

[ Aree | 5

Light from source, ! = ‘ tasor {1z ——
— P ] \> 180um 19 um | p 350 um
Reflected signal ? < 4
—h /

Input/ Output

input,/ Qutput fiber Gage length Reflector fiber optical fiber

Silica capillary High-;emperature
tube 4 mm adhesive
DN !
Gage length
Type A Type B
XI(3-1).1 EFPI 7 » A7\t L



Strain (%)

0.2

02

01 r

0

01

02

.......

............

-—~tw

03 =

i
0 50

P |
150
Time (min.)

1
100

i
200

I
250

300

Strain (%)

...........

Time (min.)

B(3-1).2 BIEEERNCNTd % GFRP BB OWNEE  XI(3-1).3 AJERHEICITY 5 GFRP B/gfRD
O AUIERS RO LEHE 7 1)

SO AREAER
(3B CAliHE S B39 5 1)

®7m—7 8 b URERESHREE T RTM BIE)

AT TIE MESEBE Y EEARIC, ZOBRILEEZ LRKT AT EIZED RTM ED 7
n—70) FOKREE I ZEDIFLIREL 1| DO& LY THIRETX 2280t L AR LI
FB3-1).4)e Ot HIE RTM BUERU B WAL 2 Al l3RE U TERT HHEIC8 - T
Whe BI@B-D5 I IR ET MY v 7 ZBIEORER S LAEREOMRE R, B
SiEh YA E - 7B &t I ORIREIRIRD B B T Ehhind, Lichi-
T DB AL M) w7 ZBlED 70— T 0 FAKRIETE L Z Ed%bhh-7z, F1z,
LA LY E JOMIIERE LI IS TR S T B BE 2 o H 438 U - AI~ilE %
FE U I LERN R B2 LA A IE Lic, ZOREREB-1).6 1277, ZORER
L 0. A LI LALE R DBERO & 3 LR b U v 7 RO CIREE

DREACIRETH S5 Z &b -7

71.5

\
o

X(@3-1).4 7o—71 2 b - BMURRER TS EEE Y



N
w

b
% 20 (SR RO
@ RS
. . ‘»&a‘\
@15 o —
S <
.9 RS
5 10 — e - - ——
° ol |
g |
@ AN e -
P W . .
o 3 S Dielectric Loss Factor1
e
aet ‘
O . — - - S e U
0 20 40 60 80 100

Displacement{mm]

BAB-1).5 BT E< M v 7 ZBIEOENE B X & RO I

12 e : - - e 140
‘,“‘“'.‘u‘“hwﬁwqrmfm»«q«wwu -
10 ;o e | 120
by, e T
2, oS , L 100G
Q = . e
8 e 3 80 %
> 6 A - SR [ ‘§
& . 60 8
Eﬂ 4 o © togion Viscosity(BERt W)~ - - e Kl
~ Log lon Viscosity(B {5t 4) 40
2 PWM“; L __ Temperature | 20
0 e “ - . . - 0
0 50 100 150 200 250 300

Time[min.]

BI(3-1).6 BIEHEI AT B BER & » 4 S BB L (B L) DA A RIS

BTN FRP SIER & 4

Bl ¥ FRP OBIBIATE Z 2 0BARIZI. B KRET DL 5 1Ka. SIEOIHED
BUCINZ L B THHEEAR ) ORAEILENS B, THSIHRE, U, BISOARIESREE.
EVSTURTGRA=FIZES>TONT B ENTE S EEZ S, FORIEDI DI EF AEELS
BV VT DIBITONTHEGT Lic, TR, OBENT GRE) . @7 74\ 0FsE
W (OFA)  OFBERAE Y GEED | MERIE L TEZ ONE Z Edbd -7,

W7 7 A2 A BERORBEIHZ DO TRETS 2720, T 7 17 %t T AF: el
FRP ‘PARDBEIEHGR AT - 720 B LIcAENT, IR PEEK BiisD— gt 7)) 7L
T BICTERA — b7 V=T TH % iR 390°CBANNE 13 0.98 3 £ 10.49MPa
THhb, T 7 A/ \DEHZAIIT ) LI DRERINGEAT B AT X 700 T 7 A %48
B ZATHIE LISHRIZ DU THTEEBER AT\ 67 7 1/ \OIBBOF IO THER L2,



(a-2) I @RI E1T B ERIE o U T ELR
@< MY v 7 XEEOR LREDH
(NA =7 L—THJE
IARF R 5 R T 7L RIS R Y HDIAA B
BRUIBIT B RBEROEARE Lz, T, A—RUBHECE) 7 7 2RFFRBI0ET)
TLIBEBHKA CF EX<T LA I RREIETY 7L 7B SR YA HyiA
A BUEAERIE Uiz, RGBT S8 U7 URUEEEERIC L BatBEflic A~ &

VY ORIEEIT EHI B AR Uz, (M3-1).12 B) @A RlER<E=7)
7Bl KDEREORWE L YHIWMEEEZ 65,
(IHRTM e

Tu—78ar b URERIEE R R RRICHRET 5 2 LITED < Y v 7 M
FEOBMLIRENE TE S Z & -1,

QWO AIEA— b7 L—T B

2 B EFPL Y67 7 A /32 VYA UIcOFARE Y X7 L 2R LT, SJEdfRcE
113 GF/ZRF U HBIRONHEUTAERE L1z, 2 LT, REBOTADOEN EFPI L7 »
A2 LD AJRETH S Z ENDON -7,

CF 7 7xRFVHRIET) 7L VB CF - EX< LA~ I NRIIETY) FL B
BT 2 FE(Type A, Type BYD EFPI %7 7 A /3t 4 HiIAA. B L@BFE TONEROT S
ZHIE L1ze D5 B, Type AFISO #HBYDE 4Tl BHEHIZHOTMNIEHREIDND
RREBFE T X OILEHEEDDIN AR SN (X(3-1).7.8) o BEEIHE DY, B LHRDEDS
RO LEE R L T2 bD g hud. LRI & > THEUANEISIDE=F Y ~
TFEBELTHEETHY . AHMIIBEINELEL 65,

— N [ [

—

_En [l 0@

-00E

8 3
AR 100
Eh)
Y 4 4
—
~
-
p -
= //
~
~ 8
g 2
%) :%; 30X

150 F |
H oz /
1
=) o ; T
3 z o0 J
EET AT e . . L\ ™ / v i
g \ s0 ™ oa
o0a | —
- .
: ’ . L L " R
; ] 008 0
) 0 ¢
50 <

100 150 200 250 300 380 400 450

LLiCRE! e

BG3-1).7 n—#%omie cavrqs camE7 7 LomER K(3-1).8 2K mE s oS REET Y 7L 7RER

BREORBE (FISOHMRT 7 1 /52 H) BRSO WIME (IS0 HBAT 7 47522 )

®7o—7or FOBHERTM B
(1)1 oL Dkt
B(3-1).5 TRUIE DI, 7o—T7 oy h-iERREREZHEEE XD B YD
< hY w7 ZBIRICIRINEEX &, Ul DRIBIND FEEHEOLLDRIIZ. B



BFEDH B Z EAVRIN, 1 oD 7 o—7 0 v FOBRIENRIFETH 5 Z Eobh -7,
FERED RTM BINIZEHI1T 2 1 Iotiithiuisit 2 7o—7 o2 hOBRHIT DN TR, RD 2K
TLRAUIEIT A T o—T 0 s O, 3 KD 1 Kot AEKRIET 2t L EASDE
T ZD780—7 0y MEBREREREA L UTERIN T 2 E0 O, RITRT 2 Kotk
ho7o—7or MREERN, 1 BotfihucEiT 3 70—70) MHRENEEL T3
T EITE%, RD 2 KTTRNDAER TR LIS, 1 RO 7 o—7 02 MrlidkS
BREE L HICKDA[RETH B 2 Ebbin- T,

()2 KoL DR

SHRNIZEHRE D7 n— 70V b iMURERHSEEE L E2REBEL, <M v X
BIHEORDDIZ Y I VAAINARINICFEAL T, EoHizLb7n—T7o) bokiiE L
CHBUC X 28I 21T -7, ZORFRERB-1).91T8d, WEMSETIE. BEREREE
YT K BEEREDRITD LOE RSN BUIRT LI RO7o—T7 00 b
L D B EORR AR IO, 2tiho 7 o—7 00 bOBEDRIEETH B Z &N
EOVINERY Al

[mm]
0 20 40 60 &80 100

[ T T T T T T r1|7D_7Dy}‘
'/

Left
Cenler
Right

K(3-1).9 ZHEEL I DHESN/ 27 0—T 00 bOZYL

@ty THBEOKE (L ZABIE)

Yy bV UBRDL DL SR ROBIERE T L RBIET A5 ATIE. BB
HNDEEIE 121 OF, BEMENTEEZ EIZE->TEYPFRS KEWL T EARRDWE
IBBENEBNEEZ OB, THOEFCIoHITiE. BIEMDH TREDGANEG—IZIL D 9T
WEBERID . £ IR > TEDBROREERT 5 Z EWETH S, £ T, OFn]
A FRP FAREBIESR., @V 2y LUV UHRESR, 28 LIcETIIVER, BREH
DBEFRIT DN T SIRTLIFER DIZBWT 21T B U HZ KB =5 AUEITHSHI DU
Tt Lo, BEEIIZNZENOBAIT DT 1,8,16 C/min Z30E L HHEE OE I X



AIBEMEDEALIZDONT bigkaf Lz, B(3-1).10 ITHROZ#FITEEROFZE. B3-1).1112
HROCBFITHSROMERT,

(3-1).11 FRP #R & 28D 3 Roti=Biifiks R op
(AH#EE 8°C/min OBS DIREESR)

b)y= kY v 7 RO
b-1) A— b7 L—7 I Al Lt
O LEUESHR B
(B LB DA E TV
*— b7 L—TRIGBROMBTFHIL, Springer & 122X FHlIcEET SN TE D 7Y
7 +— LHORE T UEAHO FIICEIUI, FIRISU TOERATERATE S,



da/dt=func.(a,T) - [ Lh) ok =]
oCp(0T/ot)= pQaldt) +Ax(2T/dx2) + Ay(02T/ dy?)
+22(0?T/ 822
(a BB, 0 : PV T+ —LBE, Ax Ay, Az: TUT+—LA
DBLEE. Cp: TV T +—LOKE, Q: 7V 74— LOBNER
H1D KIE
22T\ BilROBURICEEREEH T 208035 5, SRIBK UESEENE TORIEECR
ZEBONTT — 7D OB USSR ER AT 2 ik o I ST B AN &2 Tl
ROT— 5 DAEMNBHEE I khRS T,
(BWIET — 5 7 & DR LIk oD
A= b7 L=TWHDS 7 TRF D RIERER LA 3 FREIES 1 FC DU OR
ZEBONEFRL. TOT—FAHIT, Fiiod D LS E =4k Tz,
(a : BMEEE. T : BEKD
SR F% 0 da/dt=[5035.7+exp(-7803.7/T)+1167100°exp(-9695.7/T) *
ao4)(1-a)r
< EAWAN R - da/dt=[15423exp(-8558/T)+1538000exp(-10293/T)*
a °%2)(1-a)to
7 7 TARFHARIZON T ALK S 3B SN B I LR DRSNS %
(a-1) CHHDFEE Y Y TOREMH &l U5 R4K(3-1).12 12559, 2FEE I3 s
50~60%FEEDEER T, FABY ORI E ARSI &Aoo s, £, A—K U
5 7 LAF RHIEOMCER (88 JB. % 12mm) ORI KIEBICZ L2 LA 5N 518
FEAE U2, ZOBRFHENE—7 L1 BkS &, RO LR ISERER) O3 EEh S
BEALREE (AIDFEBGRED) I8 — 7 S0 BEEENET BT B (KB-1).13) &M,
R URIESEEAI I FT AL b D EEbh 5,

A, 200 16 - 250

1 180 'g 14 i
i 160 '@ 12 e e, 1%°
> i g —x T150 G
a 1200 o 5 =
; X . g ® os |- B /j \\ M
s -] \ —meRED | N
® g0 ™ o6} K e GO | Y, 1 100 %8
2 0 O IMMC T N gl 413D & K FLE STy
2 — W) 60 o, L 5 o \
X o —_— | ) Lo ameEw 5
¥ “ LY i ) T

-04 20 Al BT

‘06 0 0 TR e R e e »~~-.e

0 50 100 150 200 250 300 0 50 100 150 200 250 300
mE (5] B (5]
B3-1).12 LG R & B R Yt B(3-1).13 CFRP BRI DRFE & A Lk
EDHE(Y 7 THRF 2 HbilR) EEDHE(Y 7 TRF 2 ZHthE)



(b-2) R T MBS FZEA LA R
IAFURKPEZZ LA I FRORTM HBEE LSS | BRI DU TRESHI A ER L.
ZDT—5 %I, b-1) OEERRIIREUSISHRE A KD,
Ca L, T« EEKD
c LARFUFR 0 da/dt=17965%exp(-7657.8/T)*(1- a)1 o
cEZX=LA I FER: da/dt=150090exp(-9079/T)*(1- a)!19

OHEDIRYE - B LEEARAETE
IARFVRRPEZZ LA 1 RO RTM ABEE IS 1 BIC OO THBRIE A/ L.
(b-2) OHEDE LB RA AUV T, TRl A AR S LSO E LTt L,
(u : HEEE[Pass]. a: b, T : BEKD
- IRFUHR DL =6.73x10"2+exp(25.5 a+10146/T)
cEZwLA I MR 1 =795x104exp(53.4 a+12923/T)

&9 D R
ik E R SR A B OBURICBE T 2 HBRATT S 7o DEBET— 5 & LT, [MiEbEEt%
ROTZARFUAIEE ) A1)V (WD O ) RO T — 7 A TS U, T
RF A (ML 2)VEP8O1 : YH300-=E&H 5:3) OEREERERG-1)14 1279
T OEE 25(1/8) LI ETIHFTZ-~ED 0.38Pa » s TH 720 HEFICHIE
Lico ) a A4 (EBHEFE KF-96-50CS) (236U T, 70 3#7E 25(1/9)LL L TIHT-—ED
0.055Pa * s TH -7,

05
04 | aortubessssseressstosessss
0.3

02 |*

$58E(Pa-s)

01 }

0 100 200 300 400
TUREN/s)

X(3-1).14 T HRFUBIEDT O HE—REE  BIE (K EPSO1+EE LA YHS00. 20°C)



@rFENE
(BN HEDRIE

WHET ) T 4 — LORIIEO BRI TIE. BIEOIEIPSRINORIH 73Tl
WA EBIIR D RN BRI RE S A -7 LR L afiEdN S 2, 22T, [Tk
DRIRIZDNTHGETT B 7DD T— 7 & LT, BELIRlE (T R+Fmils HEms
VarAAV) LSOO (B ARE L, —RFIUBEE ) oAU
HEZRE L2 bDERIL OE. H'S e & RGEEHE SR S 1 ADMEMEA TR
i UTHERA UZco B8 U7 5 REHERRN 3 886h KS2750. BGRMMERII R A 'S 7 7 41

N7 7 4/3=PF50 ThH 5B, TOKER. RAEMHME - 775 AL b, TRF DAl E OB
3K 40°. ) T LA A IV EDERAIZ0° Th-7,
(BN RTM BOEIZ R TREBIZ DT O/

BE L7 ids, SR OGRS FRP IEaD A1 MBI KIZTHEIC DT, &
BOFRBIERH B O S REEAIET 5 & & biT, BB OWEBEAIT Wit Lz,
ABRFHIFNHOEEDREZ N EEZ HND. &l (B0%FRE) DA S ARE LT,

ZAHE DYWL & BBVEOYRF DFINDORE LT, RTM EDY 2 2L
— g VIl BNV SR T S Darcy Aliz. —RTHNOBERORTHINS,
u=—%k/n +-dP/dL
WITNOHE, 7 IIFAOKE. d P/d LIZEHAE. K IZPHADZRRL SBEDRS
SERTEHTH S, ZOREEE UIBIRERONE x & BlFAD & S8 EDIES)
ZAPEHOTEEET & RDLHIZH S,
x2=2k AP - t/n
RTM B DR 0@ - DU D &F 5 & YHENDFHADESE L4 X (e
YIOFRCHHERRE S ER) 2R LT, [EEN B THIUL, x 2t I HEEORI T
AN A N AN

B(3-1).15 12 IREEHMERY) PRS0 1ot LT ARFUBIRE VY a LA A VAR S BT
Brad. (R )-(Fi2iEsED 2 & x)DOBROFIAZ RS, HUET Imm. BEIZ20°C. 5
FHHIERINIRETBIIEIEREL (KRR ThHD, MENT Y 2241V T0.055Pa * s)
IARFUHINET 0.38(Pa » 5) TH B Z EM S, BREBD Darcy BUIRES &5 &(x ) DI
ISHEEDLERI UK TSI TH AN, ¥V I A A IVD(x 2Dl A+ Kl
D¥I 14 £EE75 5T B, ZOFRKD—DEL T, TRFUBIFEREEHESLD b, VT
YA A &G & DEFA K DS GRS ZebEEEZONS, L
U BIEEDIE SOEDRPRREN ST END, SRS SITBEIIWETH 5,



y = 2.6E-05x + 1.3E-03

y = 1.9E-06x

001 # GF/Epoxy|
| m CF/Si ol |
0 .
0 5000 10000 15000

BFfi(sec)

[(3-1).15 BB 1) D — ik OBR

BTN T + — LPOFEEEHE
(1 BIETRERT DA E T IV
RTM BE5ERaR oM i3, BAEBMAPETN D EHA(BIRDS &) Diud &K
OB A-HT B Darcy DRI ST VT RLOPELS AV SHRTN %, T ORIT
EFML 2 RICHR THOBEBEIZ B SHUAIOEAITIE. T &S ICfisbIns,
«Ux=-K/u)*(0PIdx) « Uy=-K/u)«(dP/dy)
(Ux,Uy : #lfgosuE. K : B8, o S8, P EAh
[HAFEAEDED
- BIEAY 100% BB I TOIRW IR TIE, P=0
< BHEDY 100% XN FEHTIE. 0Ux/Ox+0Uy/dy=0. BB, V2P=0
IO, MEMEERAR UAE XOEHEERIIEITENL, ZEHEICIAMELEY 1
L—>a v bofREErss,
(BIRFHEES > 3 2 L — 3 3 VDT
2 BITRIT BT BEE 7 0 L N RUEHAMGEORBIZONT, ZHEICLLMEHEY 12
L—3 a vk, FEEY 7 MMicrosoft Excel)Z AV TaEAT LI, Bon/fi#ros bo
B AR(3-1).16 212, RENZENMARRAIIR T, BT oy MREOHF tid.
(KePe 1)I(1L® €2 Lxy)
t[s] : B, Ax,Aylm] : BEIAZ, TV Iab—va YOHERE
Ax=y=0.005[m]+
P[Pa] : (RANAES I, K [m2) : BB, r[Pass] : K. e : ZRH)
THRINAERTHMTH S, b, ERIITRH OIS t[s]EARD T LD KEANSID
ZOBEREMMRIND,
KeP)(u*e)=25x10-527 1t



x: 40mm

i Z0mm

ERERDaNmamam
EREnmasnnuy
EREnesnaw
%ﬁ&%ﬁ@@ﬁ§4

140mm

120mm

bbb g W 0809
00 ) B SR 207-08
: une & 0.6-0.7
0 0.5-0.6
B 0.4-05
00304
00.2-03 ;
#80.1-02
8 0-0.1

RS P

(NS
xR

80mm

0mm

X(3-1).16 BIIETREMES > X 2 L— 3 UHER
TR 7 o OB EFRIC. 1=360 DRFSIZET BN AAKIZTRY)

CVETIVERIZ L B 2 ouhidhistt: GEARED
2 BDBERRDRENAZ AXIEH—R LD K54 7 0 RERB LI Y 7+ — L%
&, FMUBHMAPROEAIDSETIVHA () a0t AV) 2EALT. 2ITHIRA
DUAADIEDY 28 Uz, FEREOR ;IR TE LD - 12720, B (1
woedD) FEREAFEH U, AL 02E2H0T, 2OZEBEELEUTY 7 4+ — L THiud,
HEAESRTHAOHEIZ & 59 BBEITIFR UEE &5 2 4R L,
(b-3) 7" L AR BT ¥BER AR
OrERIHGE
oW FRP O L 22U T BIIROERESE A &)1 L~OUZR > T L ZIEH
N B Z ED REGEDARDENIEAETTS 1o ETH B, £ 2T WYISEIEEL:
DEEFPHIE Y 3 2 L—3 3 VAT BORET — & & LT, BAalSBPEmiE IR B AR
RO T — 7 ZRE Uz, SRBIIRIEY « v b1 ¥ 0 I CE A TR e A A5
% PEEK 8§ &R 7o EL AR LB 2R U7z, #BH30.2mm BEXOBE 7 4 L
LA U, BN MBIk PERE B TG EA M AS DR - b Dic &
D17 -720 PEEK BIlFIZ DU TRNEZEST » 745 R A K(3-1).17 12577



10E+07
. 1.0E+08 P~
" .
9'.:1015+05 -
s y
= 10E+04 | W
1.0E+03
300 320 340 360 380 400
RECC)
BA(3-1). 17 PEEK HfiEDvbk: RIS R
(3-2)— kBN OREL
(a)pPEHR2PEDFHE
(a-1)& A HHEAARREDEEX

EFPI Y7 7 A 73t L4 (Type A&tk & AT 5 H N HMDIAA THIE Lz T4
g~ 715 ZM#E FRP BEIR Dt Y HEIAAEID+ 4 L EA T 2 MO SEMSEIER 217 - 72,
ZOFERDO—HIZEE(3-2).1 17T, B Sing X it L HEENASEEIZHE Y » F5Eh%
EREh. & U TEAAMICEAD NS Z b -7z, OSSR ENS, H
WOIABIREL oY ORIERERAEAERITT Z £ D & 3 O 4 U1 H6hiAS
Tk DB ST -7,

GFRP layers EFPI strain sensor Resin rich region

B4(3-2).1 GFRP @iz 61T 267 7 4 2 3 Y AASOMRI S E



(a-2)k Y HHiA% C F R POttt

CF/ % 7 RF¥ L HMET) 7L I RBIRR U CF ~ EX= LA 3 FE#IE 7Y 7L 7 i
I T 7423208 (Type A) EHWAAISHRTY) 7 +— L%, A— 7 L—TRKE L. W
HEEE. WMEARSAEE. 7 74/ AN AOMESA T Ui R, R8T Lok
T 7 A7 EEAA TSR E B U T [EHFREEIREED St - 7205 BREEANGRES
OIWE T Ao,

B-3) IR AR DBA
@A — b7 L—T50E8
BRI DONEBRBICHE LT, BIEEEE ) TILVY A ATRERZ DIz ho—)d 372,
YIalb—YaVADT—I AT =¥ 3 VX TIRES MR E S THRIEROFIESE
B )TV A LTRET S Z EHTRELHIET 0 7S LAEA Lz,

(b) RTM BRI

RTM #:1Z & 2 MBI LB BRI DU TR L7 3, BSOS - B 2 iR &
BE~NDIMES DT FTRESEEANETH D Z Edbin-1z, F072%. OBYETEER,
OIEF. ORIFDOIERE, @@FINORIEEEEZMAADET: RTM BIEEAMA Lz, HI
BIERBRIZBO T, BEROTHSIRAEZR LI-ERP, v v HOSROEEA#R L:
FBEAT S BIREMED B B 7o, SRIDIBYFIZA 1 800mm>x800mmx800mm. HARDIHAEIL
100kg & L7z, IEMBEICIE 300mmx300mm OEEEE. LHiCIHREHAOEAMR D fidtz, iz,
ZOMIASIRERIEID =0, FOREIZK 10 27 v 7OT 075 L Lk ->Thlfah 5, EED
SBER(3-3).1 1ITR T

il
pilIE S

INERERE

B4(3-3).1 RTM BJEE
©7 L AT
HIMBRIEA1T S 7L ZEBITHBEIS ROV THAT LTz, £0EE. Sa[88H: FRP (230 Tl
BIEERRIZ 01 ARIIEORER - BHbL. THUTHES BB LAEZR U RIER AR T 208



Db D Z Ehbinotc, HWREALAEER UIIEATT S 1oicid, BEEPMESIDAIE ST LA
OBELIBIZ OV T B FIEATORITTIL S0, 22T Eh - BEhLEHESEDY]
WL CBEOREHERE S 2 F 3 2BEMT —FRE— 7 XD TV AJEEBAEA Lz, BN
/713 1.98kN., BEIAZ X3 300mmx300mm. A b O—713 200mm TH 5, HEHLHFHEREH
HODIT. RO ARREIL 490N, ALEFHIEDFRREIS 0.5mm & U, B DS ALiE ]
HEIDBZ EHK 10 ZT vy TOT 0TS LGRAIAERETH S K HiZ Uiz, i, Bl L ERDRE
FIEZiZEE 8 DT 075 LIREEMIA V. ThENEK 10 X7y 7OREHEAEETH
5X9i Uiz, L REBOINMEARB-3).2 1IT7-7T %

FL ARG -

B4(3-3).2 7L AR ELES M

[SE3GHK]
1) P. R. CIRISCIOLI, G. S. SPRINGER; “Smart Autoclave Cure of Composites”,

Technomic Publishing Co.,Inc. (1990)
2) A. C. LOOS, G. S. SPRINGER,; “Curing of Epoxy Matrix Composites”, Journal of
Composite Materials, vol.17, pp.135 (1983)
3) M. R. DUSI, W. L. LEE, P. R. CIRISCIOLI and G. S. SPRINGER; “Cure Kinetics and Viscosity of
Fiberite 976 Resin”, Journal of Composite Materials, vol.21, pp.243 (1987)
4) D. FRANK-SUSICH, D. LAANANEN and D. RUFFNER; “Computer-Aided Cure
Optimization”, 37 th International SAMPE Symposium, pp.1075 (1992)
5) {LFTF M2 MR, MEFLFEER, SGIRMU  E(1988). pp.241
6) Y. F. CHEN, K. A. STELSON and V. R. VOLLER; “Prediction of Filling Time and Vent Locations for
Resin Transfer Molds”, Journal of Composite Materials, vol.31, pp.1141 (1997)

1.2 ZERGATL
1.2.1 FIBTE 7 ot ZEROFIFE
()t v TEOREL
<7 M v 7 2RO CRREOBCES & 4 & LT, SORERERTL LET - 1R, FERe I8 L



TBIENDN -1, TLT A= F7 L=THIBIZBO T, ZofER»O, 7. RTM &K
BiionTid7e—70 0 bELU= M) v 7 ZBIRORIMARREDM DS RE T A HREA H L2

YR LI, LT ZOE Y EMAOTRTM BEERETO. REBFRICB O THIE 7 o—7o
b Dkt B LORIFEAR O LIREARIH T X 5 Z &b - 72,

F7o, A= b7 L—=TWBIZET ANTTOT ADRIEIZ DU TIE. SRR E DR, EFPI T 7
ANOTHBE DR L TNE Z ENDI-72, £720 2 BEOHEEDRL S EFPI & YO ARIE
VAT LEUTHHRRETH B Z & o, £D 2 D EFPIL & 9% LT, WU ARIEERE
1o7z, ZDFER. FRP BIBIZHE L7z EFPL & 23 OMED I SN S 5 72,

@< MY v 7 KR OHEEITEDOIIE

A=t L—TEIORTM BIEIZIB T2 M v 7 ZEIRORMUREERE %KD B 72D, TRFVFH
BLUERZ LA I FEBIIEORZEBGMTDOSC)T— 7 A G Uiz, Flo. ThoD7—2I1ik-% @
(LA AR LT,

RTM BIEAID T RF L FRB LSER LA I FRBIIRIC OV THE T — 7 208 L, £L T Zh
ST — 7 EGEER K D A ARE ST OB S L TRz,

@RIEOTREY. B LA EDRIE
HE T L ZIKEIZEB1) B BATEPEBIEOERL & B 7 o A SONTT B 7200, Bhal it
(PEEK LUK 7o EV ViR ORE - AR HARIRO 7— 7 2810 Ui,

1.2.2 —BA BRI DHEST.
(OAPEHR AP DI

EFPI g At U Y2 8A A 72 GFRP BUBHIZ DU T ERWIAASDOSEME - & 2 MHEIEE A4TU
T Y HDIASIRIE AR U7, £70. CFRP BBIRICOUVLT b AR T 7 17t L OEDIAAIR
RE MR L DB Uiz, £ LT 7 » A4\ U AENAAIZE S OMBEIZ DO T HEIE LTz, =
NODRERINS . T 7 A7 YA U S AR U THDRATIEE L0 | s GEMET 8
RAUHI £ WAL DEEHVI IS Db -T2, Fio, T 7 A7 3& L HHIABIRIEDEIER
FERILED O EOIAAIRIED Yz o ORERERNEEE KITT Z EDND. &Y DsEAN L
H¥HIAD FIEDLEHAH SNTIE - T2,

Y b. 22 0 TEIRORELIZ L A BIEmMOBELDRIE. < R v 7 TR OB ORIEIZ L D
S INIeT — 7 ITHDT, BRI EIE T 212 & 0 S I N HINEIE 7 o & 2Bk RS
B LUAHARMEIRORENLIZ X D1 ST BRIT. BMOBE b, Tl SBIERMH L 2 BIEAEE H D
L. EREEOm EFILY) . HrpobF— ARERICKOICERT 2 2 LA ha,



1.3 #53R
DEIRIEIE 7 0 & Bl DBR
< Ry 7 2RO LRRE, A — b7 L—TBIIZET 2EEMONEOT A RTM BJEICHk1)
570—70Y MIEOKEIIOWT. IhohWEEREL 2 2 Y TR L7, $HI. RTM
BB OTIEMED 7 o —7 0 MIE S EREN 1 DO TRV VT IR S
b B EHLLERL. ZOHMMAR LI Fio, £V U 77— 71O THRBEIESR A R
ETBIHDEY I 2 L— 3 VAT IOITRAIRE D= b ) v 7 RIIRORAREMARIE L
Foo A oIT. BalErIE FRP 7L ZBIICAES B EEBIRIC DU T b 2 ORI A JIE L
12¢

2) K LB

T 7 A7 S OEDASRIA EDIAS IS OISR, T EROUE. TREEET &
21T 5T 2 HWIAAIZ L A BREVENDRBIT OO TG LTz, /2. BT » 4/ DAL
INEBOBEZLE R ED 6 HIDIAAIRIED 2 Y DRIERSRANEEL RIT T E00 D & 3 O4
D U1 DIAA ST HEDDEPEN R SNTIE ~ 72,

LR E O KIESDE ¥ v TEIRC OO TR WEBOT AT D0 T SIkaTd 208D $H 5
LOD, FHELLEOKREHITSHZ ENTEI, UL, Bn]IHEIE FRP L 2. < Y v 7 2
NE D SETERIE 6 L MBI DML DO T, —ICDEEMNMFONIZ DD, ZHIDBIZL A
FEMHT 2 TEDEBDEANENIZID, G L DEVENTHS, LN -T, ZThoDSA2EEL
T HITEELRE. PFREAEED TOCLEDH 5,

7. UL EOERIBIE 7 ot ZEGN DR R L U L 01 Shio i, BaoBE k. Bl
TSI X BRI E D O b FEHON EFI LD HrobdF—, HERICKUOICE#YT 5
EDMHRFINS,

2. WHFLFEEk - GBGE. SR, 4FRTFEFORDL

2.1 WHFERE

Use of EFPI Optical Fiber Sensors in FRP {K.Osaka,S.Motogi  |Asia-Australasian |1998.10.8
Laminates for Measurement of Internal ~ |and T.Fukuda Conf.on Comp.

Strains in Autoclave Molding Materials
Z=-—RRTMREE D= DKHR I 2 [JoA, ik, #BE. |5H28[EIFRPY > [1999.3.17
H— DB b, et R [RY oL
RTMRUEIZ BT D8 LRIV (IR, b, @A, |5B29BIFRP > 11999.3.17
H—% FH\  -permeability D #| € oA, f&H, NN

A= LT EEFPONFHOT A= &R, f&H F30EIFRPY > [1999.3.17
AV T EBTBEFPINX. 7 7 A YD ANVAVIN

Bz oW

2.2 3HK
L



23 $FF
UL

24 ZOMDAE (FLAREE
%L



. 727 F 3T - ME e 2P
L WFS R DR U & E IR N

11 WEFERR 8 Ol i
LD EEY

(1 KI X

ARWETEIE T Y r 7 OpiketiikazmMun2 282 8I2KD. 93w VAT 7 FaT—
ARG TR TE 2010, M7t 22%RL, # T rF—2LBT25. 4,
frmL -t 7 AERIRKW R T 7 F AT -5, L0V AENI R F TN
Eh ) BT E, Lk, LR OIS S v, B SRIE, 4B S THERN
PR A O LI E T AR F A UBT S

(&) 7 I 0 AT FarL—%

AWFFERETIL, £ 29 7 ZAMEBONGWR 7Ot A, Bk 7 01 ZDOWUIE THENO S
fefbz i, MRS EH T 5T NI AR THL WY V Fa T -5 A1 OMREZE I
L Taha. £ 7T a2 - DORIN I &7 2 o — MBS, BRI EL
ORFEBIFETEMmL T,

STETE(L OWFFE TId. PNN-PZT Z MBI TH G 7O A2 M L. £ ORHIRE M %
WL TETWD, BERST O A, Y1 7 OEBEREZ L, B, BERT R OB %
BHTWD,

R EOT NS ARFETIE., 71 AVBROETIIVBRSER T2 L. 077 Fa
T YAtk 2@ Lz, TORE. BRI T S Z ETRELRLE NGO ND T &
sl L7z,

L) BIKESE® YV Far—%

(b-1) B WIEKCIEE ST 7V FaL—%

ApfHT—< (HIMS&E: ER1 O0FEE~14FE) Tld. SMATZ IV FaT—5~DM
FLe i) o & & G MERE b e R SEIR St 2 B E A TH AWM MBIEE 7o 2l & L
TUOBBIFREA A RV L A ENET AREL, TOREERAE - BATLEIAL
NERMENH L. T LT, G HIE FTESE 2l bEs 0 — )b FIZii LAA (&
L) A Sl sl E A gdicilil 8T, 7022 7 bR TOHETH LT E >
L L= A ke B SRR E - SITERE DKM SMA T U F o T— Y M ARG - fEitT
HIERRKIEL TV D, #EE CERRT 04 1. &9, \EnFEGK (LET

— o 2) BOFERME REEE S o ia 0 — )L 2R AA A T BB 2 7L L Ak
D EENLT AR AL, 2O HETHES UL TING R OIS TERIBINGGE T & (8
WL 8 RTINS FIR A VB S N TH D . £ 2 TO KE A0 A E (I

Ji



AL ) E AT F L T R O 1 B AT U R S G I LA 0k A R R kT
Z O EE AR T AR S B o s R AN R R T S50z, %LLHﬂi\ff?l‘ﬂi@lfl}
D o] REME S iz - 72,
b-2) IR R Y 7 FaT—%
INipMnGa 12D 0L TR ALK (NDMnGa) & JE % i dleE (Niv, Mn,_ Ga) O i
{rﬁf"‘ii! L. O BALek O I L iy 2 o 2 L 7=
2Ni-Mn-Ga RIBIRGEES GO TH 2 (S #wlRT2 DO HEELTH SO
WL 2 r o 7o AN Z U 2 RIS &5 M O HLRE B RE R A A R UL e g g

L MBI B WTHIINT oA MEEREHER L. NIV M &I 58Ik R
LD H N & 7
BEAMED TR TH 2 EIEREHE TOR M AEE LB LD Z AL, O

PO LM 5 A REEUZ D WO T O S & 72 % 5 IF 20 B T2 2 &
7Tz

AR 72 RRHLE DO G & O 1 HLEIC B W THREE FCidd 2 2 & KBk
WML dT D ENH k7,

L2 &> T NioMnGa DRGSR - BERPEPEDS &5 & o B s £ - THE e T
HHIEERAETHEEHIZ, AREEBICT S L0k > THAERKEENMHMEN 2 0]
MEfEZEAM L2, THIZED. &8 EEE ORI R OHL I OIS 8 2117,

(2) %X

Since the sintering time of piezoelectric actuators can be shortened by improving the sintering
process using microwave sintering method, saving of energy used for actuator manufacturing can
be realized in the future. On the other hand, it is also expected that the new developed
piezoelectric and SMA actuators will be able to generate the same level of force and displacement

as the traditional actuators with lower energy consuming by improving the performance of the

actuators.
(a) Piezoelectric Ceramic Actuators

In this research project, high performance piezoelectric actuators are to be developed by
improving the synthesizing process and sintering process, and new actuator devices are to be
developed by grading the material composition inside the actuators. Moreover, manufacturing
process of piezoelectric sheets and fibers are to be developed for easy integration of actuators and
host structures in smart structural systems.

In the development of high performance piezoelectric actuators, a new synthesizing process of
PNN-PZT family material were used and the phase diagram of this family were build up. As a new
sintering process of piezoelectric materials, microwave sintering process were adopted, and the

sintering conditions of piezoelectric materials are being investigated.



In the development of functionally graded piezoelectric actuators, several specimens were
tabricated and the displacement characteristics were measured. The measurement results showed
that larger displacement output could be achieved from functionally graded piezoelectric actuators
than traditional piezoelectric actuators.

(b) Shape Memory Alloy Actuators
(b-1) Thermal Shape Memory Alloys

In this subject in charge (for 5 years, HEISEI 10th-14th(1998-2002)), we propose the
clectromagnetically levitated nozzleless rapid solidification method as an innovative approach to
improve materials properties and will develop the equipment. This characteristic attempt is
grounded on the needs for metallurgical improvement of the processing to obtain high
performance SMA-actuator mentioned above. Grain boundary microstructure can be changed by
rapid solidification, controlling electromagnetic field in the high frequency coil to levitate the
molten material before solidification. So, the objective of this work is to develop the high
performance thermal SMA actuator and to apply it to the demonstrator which is the final objective
of this project. The concept of the electromagnetically levitated nozzleless rapid solidification
was proposed and the equipment consisting of twin rolls for rapid solidification and a control unit
for electromagnetic levitation of molten material was experimentally produced in the first year of
the project. Fine columnar grained microstructure having sharp texture and high frequency of
vpecial low-energy boundaries was observed in the SMA ribbon of intermetallic TiNi alloy
produced by this method. Therefore, more effective SMA alloy could be obtained by adopting our
proposal technique. Moreover, great potential for improvement of corrosion resistance by using
our processing technique was also shown.

(b-2) Ferromagnetic Shape Memory Alloy

The research of the ferromagnetic shape memory alloy, Ni-Mn-Ga, conducted in the fiscal year
of 1998 has shown the important two features. The first are the martensite and austenite
transformations by an applied stress and temperatures. The second are the temperatures of the
ferromagnetic transition (T,) and the structural one with the change of the direction of magnetic
anisotropy. To realize the magnetic shape memory effect by an external magnetic field, it is
necessary to examine quantitatively these features of the Ni-Mn-Ga alloys as a first step. In
order to clarify the composition dependencies of the martensitic and magnetic transition
temperatures, we undertook mainly measurement of various physical properties to establish the
way of sample preparation on the Ni-Mn-Ga alloys.

The following conclusions were derived from the results of our experiment.

1 We established the method for the process of the material preparation by an arc-melting

method for the alloy series of the stoichiometric and nonstoichiometric Ni.MnGa .



(2) This material seems to be a rather promising shape memory actuator material if it can
overcome the nature of brittleness. Several efforts have been made in order to fabricate thin
films using a sputter-deposition method, which is considered to improve this disadvantage.
We found the sputtering condition for the fabrication of the thin films, which showed the
martensitic transformation.

(3" In addition we found a structural magnetic anisotropy that was not shown in the alloys
prepared by normal melting techniques.

) We found a martensitic transformation at the temperature range that fits for the medical
application on arc-melted alloys. The results show that the composition shift from
stoichiometry greatly affects the characteristic temperatures of the alloys and finally we
made clear the conditions of material preparation for the alloys.

5 One of nonstoichiometric Ni,,, Mn, ,Ga exhibits the tield induced shape memory effect, while
the applied magnetic field is still high.

From above results we can conclude that we fiound the ways of material preparation for the
shape memory alloys and thin films.
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— Summary ~
Comprehensive Investigation and Research

The comprehensive investigation and research aims to unify and direct research and
development toward the originally designated objective of the project as a whole,
respecting and activating the independent way of research of the related university
research centers. What has been first put importance on, was to set occasions for free
and active discussions on the research works among all members of the project ,in
order to let them have common perceptions and understanding and to hold in common
various kinds of important information inside and outside this country. The center also
paid a continual effort to maintain dense and tight liaisons among the professors who
play roles as project or sub-project leaders. Furthermore, to have direct contact with
researchers and to understand the results on field . visits have been made by the staffs

of the center to the related universities and companies. It has also kept tight



communication with representing company staffs to make them know the situation of
the project as a whole. In addition. it has made by itself investigations on the trend of
the related fields and also entrusted a complementary research on a specified theme to
another university.

Finally, it should be referred to it that governmental institutes such as National
Mechanical Engineering Laboratory, National Institute of Materials and Chemical
Research and National Industrial Research Institute of Nagoya have much contributed
to the progress of the project by introducing their results of research and development

at the technical committees and visits.
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5.1 45550 &

PRI F 3 H 1 H(H)8:00~8:45
F¥B)a%E | C.L.Tien 4% California K% /Berkeley #%
#% @ H ! “MicroscaleThermophysicalEngineering”
(370 BmBTH . BB, CHIY¥, I J70EBRBEEL L
BEFRELHKALFESH & BRI TEH)

/7

CER1IME3A 1 H(H)18:00~19:00
FFhU & | A.P.Pisano #(}%# DARPA & California K% /Berkeley £&
#EZH . “MEMS 2003 and Beyond:A DARPA Vision of the Future of MEMS”
(I 7U0BETHEMD200 3FEDARPAGIE L FNUUR KB T A
Uz v 3yu TN AR E SO KE DARPA 70 Y = 7 b
HXEFE LR EOBELMN

- FRC114E 3 A 2 H(K)8:00~8:45
P03 | K.Chong 1% , NSF/USA
#@E™EH . “Intelligence and Durability of Civil Structures”
(BE - IARTHRETOREBEYOMARERL N Y XA 7 41t
T 2R ERI LB TREREBER2%B (NSF)
XBOMETOY 27 FERBAN.)

FHCI1E 3 A 3 H(K)8:00~8:45
FeR % E | Y.Miyazaki #(§%, Nagoya University (Japan)
#@EEH . “Smart Structures and Materials in Japan”
(BXREATOMBEE - MEICET 2R ERR 854,
B, BHEEMT,8EE (MITD) ZEER7o0y oy FXE
HHl e Z OB TORNEY LTS ZEA.)

FR L3 A 4 H(AK)S:00~8:45
P& ). McMichel i+ DARPA
#HEBH . “Micro-Air Vehicle”
(M EE (E7AMERE) CHB TORBEREEEE, 1
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(Dayton K% - EEHILEF M EHIEWIETFMAE LM OTO
MEETOET A 7 VIEFHALEHE, HE&TFHE, WAEE L2
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FREMB LM REES AT LBENEEII LA LGNS
(1) Mathematical and Control in Smart Structures (Conf.3667)
(2) Smart Structures & Integrated Systems (Conf.3668)
(3) Electro-Active Polymer Actuators and Devices(Conf.3669)
(4) Sensory Phenomena and Measurement Instrumentation for Smart Structures and Ma-
terials (Conf.3670)
(5) Smart Systems for Bridges,Structures and Highways8conf.3671)
(6) Passive Damping and Isolation8conf.3672)
(7) Smart Electonics and MEMS(Conf.3673)
(8) Industrial and Commercial Applications of Smart Technologies(Conf.3674)
(9) Smart Materials Technologies(Conf.3675)

BT TOTTLUNOBHPEER T o720, SHROAT 4 FHIC
EOLIEINETHAN EEIIEH > TFRLDLIIADOFEIZOVWTHES 2,

Conference 3667: Mathematics and Control in Smart Structure
RORTIE 10 Ly 2 a v BT TEIZAYT— MEED I BT 2 BEHBBFFEELD
TAMRRERET o7, Bl FREZFF*HAVAZIT - P EEYORKTB LU
2= aYHAYT7 M2 TORE, BB Y - T o F a5 2 AV HEiEY
RITBEOBERL 7L TV a2l —5%) ORBILLEEER. BEMEO &
(T 3Iv 7 A RRKEBEEOBNETY v 7 EBESERT, B Bosms

Conference 3668: Smart Structure & Integrated System

Ko 920t vy 3 THEIH. K#Aéﬂfz7~}%L/ZTA®%
TN Y7 BIURHAIIETZ2OOTLZ, BEAMICE., FET7 7 F 21— 55~

275 =0k y hADEH . ER (nu(’ii’i’Ewli(nLW%}ﬁw FonR-—DRESB L iR
WHASDEH . EEO$ AL >+ XEE THUNDER 7 7 F 2 T — ¥ SO W5 1 . 4
EPDONVAEZS ) Y TENS ol MEELR LYy L3210, FEETF S
PZEED 0, HEREZREL S IZEHEITAZ E T, MEWOBREBEFORE - £
WADHAEINEERP OFEHBFMET 2FECODCTREL .,
- Conference 3669: Electro-Active Polymer Actuators and Devices

AP RTH BNEHEA TV AH LW SIS TOT I/ Far—- 9 BB ERESN
725 BIZ L, BT ) Y7 7 F 2T — % (Electro-Active Polymers). IR 7L .
T£ 7). Active Polyacrylonitrile Gel, Bilayer Hydrogels, Polypyrrole-based Electrome-
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chanical Actuator ¥4 H 2, KGR P LNV ANA T, BEENFTETHETHo7, =
2L INLDOMREDORFLIIVEE T ¥ D FEE TH A N 72 "Fourth International Conference
on Intelligent Materials"[EBF K ER R b H > LB L T 5,

- Conference 3670: Sensory Phenomena and Measurement Instrument Instrumentation for
Smart Structures and Materials

RTPETWE, BT7 74N HBEIV L A7 L HETLREEN DD &
EEED TV, ZoOMIiZ, APt HRfbFE L4 gt AE £ H 5 &
AT A25D8H0) . NTZT 4 —IIBALDETH~2, 1. 2hobDk  H %
BOMATHEEY AT LOREZ ., T, K82 S8 T2ESEB. v 7
Ly b a8l d a7 — S UBEE, BRORMBOHFHMOME & Mk, =5 -kH#
ERENDIEHIZIDWTEER S - 72,

- Conference 3671: Smart Systems for Bridges, Structures, and Highways

AGETE, BRROEBIPEENL L V02 HEZE T Th 72, B2 . &%
EEZENDAT—= N AT LOEBR, FRIIEIAT— L HOBEE. HIHAF
NAZADORZE. BBOFMETMZ S CICBECHETAEBREEI O THRE X,
TORIZOEDHEZDIE, IEE (PVDF) 74 VA 2H 0 0FHRY — T 0
FEIZETAREERETL, NEWNIIEPVDFR20FAFY— VL LCHEBLAES. &
BOUT AT = VIR TE) I BEHPHE22 IR, b 24 TCTwsi, PVDF
KT AERERIIG LTSS 2S5 SADEMAH A L 2R IZE - 72,

- Conference 3672: Passive Damping and Isolation

Aopadb, BRUO2HE TH-7H, ELLF L EXTHEBRFTNL ZOBHEFER
TREHCLHREMRORMEIIBMT 2D TH o/, BIZIE, ¥ ELF Y AF L0
$U>7¢\@ﬁﬁ%-ERﬁ%Kié77N~\x@“ EELTIvIZEEY R
ZTHERBOMEEGIILIIBERE RS,

~i
L\

- Conference 3673: Smart Electronics and MEMS

AFPREREDBYMEMS CHMET AN THo7/, 20Oz v A2 0mMT &
NEFHORBEIIMTIMEREN S o7, ZTHid Love Wave ¥ RAEL S F|1Z =+
ATNAAETA7UMIIZE)EEL, EXYWIEETNE2KkOEERLENT 2
:'”ﬁ«%wﬁhiw%ﬂﬁw¢ﬁoémgutofmm ftFEtrHi2LbER
RAKDGLEIREDGTHMRIZB OB ZilonTHHESNL, T/, 747 L 2
BHEHmETNNAZADHERAT - T v 7 F L EFRKRECERESH - 72,
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- Conference 3674: Industrial and Commercial Applications of Smart Structures and

Technologies
AT RIBETOMRHKRIIEBEST IMAEREEN VDD H o 72 FITKEHFE
B 70V PRI V-2 T L0008 RERRVIEB LBV,
FIZEA 79 Y2 b MEORITHE (Airvehicle, Spacevehicle)~D It H & £ IZ 3
H5LDTHo7,

- Conference 3675: Smart Materials Technologies

AGERTREET 7 F21 - Ry FTHAMBZOTIIT 4 N4 Z0RER. BK
iLEEE. HCHALTZO UV ILEHCBEMB 2SI L2LOTLAL, T/, £E
T7AN- HMERESGEBBHEERMLIIETIHE L H o 7,

6. SPIE ‘9 9 TOWfsEHEE (FiE) (I>wT !

AEOEFTEEHL TN (1) RKERNTOHMME  BENERBCHET LES
7ol b ary—v7a) EREERES (FB) OFM (AAKA~—F 77
FaI—FHE) CHTAIVLOP0FFERICHTAINGH/NEEELUTIZANRS.

6.1 MWHMH  WBEMAERECHTAIREEFTO V2 b (a2 v -V T L) ER
3A3H (K) F% (13:30~14:50) D session-5’Smart Wing Program”
T DARPA XEDOMZEHA - FE (TERZE) BIERAETT Y =7 b OB EBIK
REENVFEPL TR INT.
CCTOMEREEREHILUTO&ED .
Overview of the DARPA/AFRL/NASA Smart Wing Program
Design and fabrication of Smart Wing models and SMA control surfaces
DARPA/ARFL/NASA Smart Wing second wind tunnel test results

Improved design and performance of the SMA torque tube for the DARPA/
AFRL/NASA Smart Wing Program

%¥, mMIZ, kit DARPA/AFRL/NASA Smart Wing Program O 4 I 1L 7= &FHE DB A
NdHo7z. KETH 198 TEENPS, HEYWO X~ — MMt GEILEET, mavikst)
Beoidmr I, I EHMEL X)L (DARPA) TOMBFHILFEDTH TOME
MEOLENFHGVAKEANTORESL LI ExRLTWA. 199 1E25EHRK
(HRMFR) LET, DARPA (LEHEME IO I 2 7 b XiEHEME) /AFRL (ZEH R
Fr) INASA (FHEMEMER) EFEORITHFOZENEM LS TIUEE “Smart Wing
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Program” 70 7 F L824 — b L7, COXREMEFE 70 V22 PESFEMEKY
DELTEN, TOHEASFRHICEE? D), SHEHER (KEZEHEEHR) DOF
MTHE2VbIRL2ENDE)THE. MEBARAEIX, REML3IBEHEORKT 2
Far—9 (E&, BE, FRLESGE) * TLERMHAICEHLTBOBOTHOI L
e (L&), LEME MARLZE2FE (23— 3 0) BLIEBTHRIL
LROED TWALEEKETH L.

B K% & L Tik, MIT, Maryland, Penn State, Washinton K% 7% 25 F KT, &k

W

FTUMERBEEST, HH  BERRHEXCFr—0%¥ KFHRELy -2 h b
VU T A (HEAMER) FRRLANSED T VA EAFBAINS. 2BI0I1EE
B 3% 7 7 < »# (NorthropGrumann ) 225D 1 05D 1 BREOZEZEHKE A< — +
BE wﬁ?m-ﬁﬁénf T, KIHANV ZBERECEE)NICED AL, 7D
7Ty TIZEER) T -EEKEEESE (SMA) 77N 77N B O A RS AEH X
ntsh, SIZEMITRETICIESMA S, 7 (2 0mmWE, 30mmAERE)
NERE -V EBEDFTEYy PENTVAE . KIHINV L H 260 EL DL HEE
DHEHET, SMAKIZTAN X4 7)) WA ILBET 2ERELIES <HE§%T£D,
INLLrH - T Far - REBBROEREBRSITTCOMALYL2ESIELTEY,
AGtE (Av—1PR) OFERIE L U4 EE, RHHEHOEFAS AT RICAE S
ENEKRI N

B, TEBRITO SMANSA T3 EEDTBHR L - THRE XL, FO0EH
BE2~3ERETHL L), ZRTLEEY = v P &EEBOZHIEE LI
REHsr ERRXTWT.

uTﬂth%ﬁ,*EWDMWAiwwz77->7Af%%énﬁﬁéntx
v—MRIE,, EROL) REFRIILST, FXHRZEIPVOBETTH-7-. Fh
uﬁgAﬁxv—bﬁﬂ<tyﬁ~77f;1—7>%ﬁf(*ﬁmﬁ*>®&m
NVDLODRFT, MHOUEDEBES -NEDO 7OV 27 FEELEH,SIEMHHE RS
EFMA N LEIMEBROEEOHBALALELLT B E AL ELNN— FETIEI
~2FELUACELANLE LEHEEETCERE I Y > TL53Bi0N5 LN
WCETAHAIENEERDIEELARETH A, 7277, EENLCTEBRLANL F 2
LT, A7 - EOERFRLENIKMERDELFE S 23— 3 v 4fToTWw 5
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