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Molecular Orbital Calculations for Solid State
Absorption Spectra of Organic Dyes
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Hisayoshi Shiozaki Satoru Nakao Ayako Hioki
*
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Yoshiaki Sakurai Masaki Kimoto
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We studied absorption spectral shift of dyes, which have large %@ values in spite of their small n-

conjugation systems. These dyes have characteristics of large bathochromic shift of A, from

solution to solid state, and strong n—= interactions between molecular layers. CNDO/S and ab
initio methods were used to calculate this spectral shift. To reproduce spectral shift, the CNDO/S
program was modified by amplifying the intermolecular resonance integral term.
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Fig. 1 Structures of dyes studied.
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Table 1.

quinone dyes in CHCl, and solid state

Absorption spectra and x(s) values of

in CHCl, Thin film

Dye A_ /om A_ /om Alnm  x®/esu”
1 541 641 100 48x10 1
3 534 534 0 ~10-18
: 429 538 109 1.7x10M

THGHEZ AW TRIE L 3 R FEE
Measured by the third harmonic generation method
in vapor deposited thin film.
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(d) 3%,

Fig. 2 Structures of dye 2 for the spectral

calculations: (a) H-bond dimer; (b) CONH dimer; (c)

parallel dimer; (d) trimer.
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Osillator strength
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Wavelength / nm
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7-. Osillator strength IXS&SEEEIC ST 5
HAEETHS.

Fig. 3 Calculated absorption spectra of dye 4; (a)

monomer; (b) one of the nearest pairs. The spectral

curves were drawn with the Gaussian distribution
function.

ERZ TR IWMEL RoTWB Z LBb2B. Bl
B LTIE, 3.6 ADBETHFEEEL TV S50
EEF (@) DAFEFmMOR, RLL (a) THROFBDO R
EBEBEZOND. RUCRLIZ4SFHhbA5 4 Bk
ERRUZBEEN 2+ <TELLYD, Zo4@ELZHAN
TRH%Z1To7. HE» 6B/ 6Nk i % ERI%
IRE#RE & BIRRSIZR L. INoa05 X 5icE
IECNDO/SEHE A b B b - s =R dR s R < BH
LTWS, BR1LICAHTIHEICKERT, R50HE
RRILFEFEANSGENV S 7 25X TWS. FEPEE

#2 Gaussian 94 KRUCNDO/SEZRVWTHE Sh AR RE, 2RERUSREOERIEAEE
Table 2 Calculated A .. of the monomer, dimers and trimer of dye 2 by Gaussian 94 and CNDO/S

SE-CI/6-31G(d) CNDO/s? modified CNDO/S*?
Aa/ nmlA (AN} /eV] Apax/ nmlA_ (A) / eV] Ao/ nmlA (AN /eV]
Monomer 365[3.3941] * 473[2.620] 473[2.620]
Dimer
H-bond 374[3.314(-0.08)] 488 [ 2.543 (-0.08) ] 489 [2.534 (-0.09) ]
CONH 377(3.293 (-0.10) ] 485 [2.557 (-0.06) ] 495 [2.503 (-0.12) ]
Parallel 35103.531(0.14)] 452[2.741 (0.12)] 454 [2.734 (0.11) ]
Trimer . 486 [ 2.553 (-0.07) ] 497[2.497 (-0.12) ]

a) Configuration interactions were made with 100, 400 and 900 configurations for monomer, dimers

and trimer, respectively.

b)
When the atoms belong to different molecules to each other, the equation (2) was used for the

calculation of resonance integral.
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Improvement of Corrosion Resistance of Spheroidal
Graphite Cast Iron by Slight-Amount Alloying

- G BF 5P, i =30
Tadashi Kitsudo, MamoruTakemura,  Yukihiro Satoh

(200247 A 2 H %)

This study investigated the effect of alloying elements Ni, Mo, V, Cu, P, Mn, Sn, Nb, Zr, to improve soil
corrosion resistance of sphercidal graphite cast iron. Considering the mechanism of microbially influenced
corrosion, the corrosion resistance was examined in acetic acid solution with small amounts of salts of pH3.0.
Sn additon greatly improves corrosion resistance. Small improvements are obtained by alloying Cu and slight

amount of Mo.
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Fig 1 Effect of amounts of alloying elements on
corrosion rate
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Fig. 2 Effect of amounts of addition elements on
corrosion rate
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Fig3 Effect of amounts of Sn addition on optical microstructure
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Fig4 Effect of Cu contents on optical microstructure
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BET S MATIVI B OB OEH

Reusing Waste Alumina for Abrasive Blasting
as Thermal Spray Material

Bi HR—ER*
Shin-ichiro Adachi  Naoya Fujita

BE EHh* Ex Hr

Yuko Hanatate

(20024 7 A16H H)

Coatings were prepared by plasma spraying waste powders of white fused alumina for
abrasive blasting (coating A), and alumina powders as thermal spray material (coating B), on
mild steel. Coating hardness was measured by a microvickers hardness tester. Tribology
testing was carried out under unlubricated conditions using an Ogoshi rapid wear-testing
machine where a rotor of SUJ-2 was rubbed against a coating on mild steel. Hardness and
wear resistance test results showed no mechanical difference between coatings A and B. There

is no doubt that coating A can be utilized as a wear resistant coating. Corrosion resistance was
evaluated by a soaking test in salt water. Coating A was inferior to coating B in
corrosion-prevention performance. This result may be attributed to more pinholes in coating A.
Addition of metal powders to waste alumina induced elaborate patterns in the coatings.
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Fig.1 XRD patterns of abrasives for blasting and of an AlzOs powder for thermal spray.
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Fig.2 XRD patterns of thermal spray coatings.
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Fig.3 Microhardness of thermal spray coatings.
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Fig.4 Sliding wear performance of thermal spray
coatings.
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Development of Electron Beam Analogue Resist

Using Silicon Polymer

¥eiE  FOER?
Kazuo Satoh

=H BH Fm
Hiroki Fukuda  Yoshiaki Sakurai
m @ Etu

Tsutom Yotsuya

(200246 7 A118 %)

Physical properties of dimethylsiloxane polymer (DMS) and vinylmethylsiloxane (1-2%)-
dimethylsiloxane copolymer (VMDMS) were investigated for electron beam. Experimental
results showed that DMS and VMDMS were negative type resists. Sensitivity and y values
of DMS were 1.5 4 C/ cm? and 1.2, while those of VMDMS were 0.9 4 C/ cm? and 1.3,

respectively. DMS and VMDMS were more sensitive than commercially available resists. In
addition, ¥ values of DMS and VMDMS were suitable for fabricating optical elements.

Sensitivity curves of DMS and VMDMS were affected neither by prebaking temperature nor
by developing time. This implies that they are stable electron beam resists. Based on the

sensitivity curve, we fabricated a four-level computer generated hologram (CGH) on a glass
. substrate with ITO film by using the VMDMS resist. The CGH was able to reconstruct the

target pattern when it was illuminated with He-Ne laser.
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Development of Infrared Sensor of
Dielectric Bolometer Mode

HE &—* Bx #HE BN #H**
Shuichi Murakami Tetsuo Mivamoto Tetsuo Nomura
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Kouji Inoue Minoru Noda Masanori Okuyama

(20024£7 A9 H )

Ba(Ti,Sn)Os (BTS) ferroelectric thin film was newly prepared by metal organic
decomposition method for application in our proposed infrared sensor of dielectric bolometer
mode. The sensor has merits of* 1) room temperature operation, 2) low power dissipation, and
3) chopper-less construction. Highly (110) oriented perovskite BTS thin film was successfully
crystallized; it demonstrated a high temperature coefficient of dielectric constant of 2.7 %/K
(at 20 C). The infrared sensor with BTS thin film exhibits thermal responsivity B, and
specific detectivity D* to be 150 V/W and 3.5X 108 cmHz'2/W, respectively. Therefore, BTS
thin film clearly demonstrated its potential as a candidate material for infrared sensor.
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SLRFBR OBt & Db H
Thermal Properties of Copper Nitride Thin Films

and Their Applications
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Toshikazu Nosaka  Masaaki Yoshitake Akio Okamoto
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Soichi Ogawa Yoshikazu Nakayama

(20024 7 AH15A =#H)

Copper nitride (Cu;N) thin films were prepared on glass substrates by reactive rf magnetron sputtering.
Cu;N film was decomposed into Cu film by heating 450°C for 30 min. Nitrogen gas was effused from the
Cu3N film during the heating. Decomposition initiation temperature of films was found to be about 360°C by
thermal analysis of thermogravimetry (TG) as well as mass detection of N, effused from the films. The
negative sign of Seebeck coefficients was measured; they indicate that the condition of the film is n-type.
Thermal conductivity of the film was smaller than that of borosilicate glass. Electron beam processing was
used to decompose Cu3N into Cu. A dot array of 34 m x 3 mand 14 m x 1 m was obtained on the Cu;N
film afier electron beam irradiation. The Cu;N films easily dissolved in the dilute HCI solution. The etching
rate of the Cu;N film was 3900 times faster than that of the Cu film.
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Fig. 1. X-ray diffraction patterns of Cu;N films at
various temperatures. (a)no heating, (b)345C,

(c)365TC, (d)385C, (e)404C and (£453C.
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Fig. 2. X-ray diffraction patterns of sputter-prepared
(a)Cu;3N,(b)Cu films and (c)Cu3N film deposited at
450TC for 30 min on 7059 glass substrates.
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Fig. 3. Mass spectrum of N,* ion effused from Cu;N
film during heating in a vacuum.
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Fig. 4. Thermal analysis of Cu3N. Heating rate was 10C
/min. Flow rate of argon was 200ml/min. Original weight
was 6mg.
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Fig. 7. Reduction ratios of film thickness after
electron beam writing,
Closed mark (@ ,A , M) measured by three
dimensional surface structure analyzer. Open mark
(O,A,O) measured by surface profiler.
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Table 1. Etching rates of Cu and Cu;N films

HCI concentration Cu CusN

(/) (nm/min) (nm/min)
10 3 836
30 4 1064
50 ~0 1560

100 ~0 3800
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AT ARRERBEL LTONRT T =Tz )=/
TUVIZENLT LT FRIEDORENL,

Carbonization of p-Phenylphenol-Terephthal-
aldehyde Resin fr Glassy Carbon

IR gt
Takeshi Hirohata

(20024E 7 H238 51)

Carbonization process was studied for manufacturing glassy carbon from resin.Fourteen

kinds of polycondensed resins having different chemical structure were prepared and exam-

ined as a precursor for glassy carbon.It was found that p-phenylphenol-terephthalaldehyde

resin could be carbonized in the shortest time among the other kinds of resins up to 1000

C in an argon atmosphere.Results of the thermogravimetric analysis and dynamic

viscoelastic spectrometer showed that maximum weight-loss rate, char yield,initial

degradation temperature,cross-linking density and cross-linking size of resin structures

were important parameters for the shortest carbonization time without causing any cracks

in resin moldings during the carbonization process.
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RERSWER (T4 =2—BFIH (%) B TG -
DTA REFHIEER) £/, FE#EE 10C/min, =
M A ¥ 200mV/min D44TF TEIBM S 1000°CE
TRIELE. REHISE{LL#iEE 60~145 X v ¥
2 IZHRELEEboE AV,

MADA KBRS A—F (BRTAA=7 R
BAREAXBIL AR EEE) 2 AT 2000bar
ETOENEMNTITRIELE.

- RREBEOWER, DROKNHMERE (v/a—EF
T#@EOS DMS110 ) #AVWTHIEEE 2C/min,
ERV AR 160mV/min OFHK T TEEM»D
400CETHIE L. BEHE 50X3X1mm DOFRT,
ARy 20mm D iTREBRECRIE L.

SRR LM ORIEX, BIEZ 60~146 A v ¥
2 (237 L7-36H 20.0mg % 200C T 30 {FAEL
7, 11.1%BEBEEE 7=/ —/NV 10cc 2K &
#, 166~16TCD A A NN AP THRAERI L Tk
DBBEIZR D E TOREMERDE.

FRBIEOTRITIMALBUCHNO = —F—%
HWTHIE Lk,

RABBR AR VX, RN—Frxzi<w—tR
1720 2% AT KBr A CRIZE L.

(3) 3 RE

PERRATAE L L THEERFEY (26 X20X3mm) #*
ZBERPT 250CETMRLE (=7 L—vaVv). =
TL—varralsaA~D)EHE 1ITRT.

7 b—varolk, BRIFP, TAIUOBHEK
FT& 2 OFETEY 5 AL~S)ICLY 1000CE T
BERR L 7e.

BERR L7308t % 800°C ¥ T 2 FRRlI A TRRIB L=,
ZRETHRGHA L.

£1 =7 v—varrursI A
Tablel Aeration program

K2 HERSa ST A
Table2 Carbonization program

program |[L |O |P |Q |R |S
temperature(C time(hr)
RT—150 2 2 2 21111
150—250 2 2 2 2
250—350 30 {16 |11 (12| 4| 2
3560—500 45 |24 |34 ({18 |15 | 10
500—800 60 |60 (40 30|15 |10
800—1000 10 |10 |10 |10 |10 | 5
1000 1 1 1 1 1 1
total 160 | 115 | 100 | 75 | 47 | 30

rogram A B C D
temperature( time(hr)
RT—150 2 2 2 2
150-250 20 1 07 05
250 1 1 1 0.5
total 23 4 3.7 3

3. BRBLUER
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IENICIEDEVAVLR TR, LT,
PPP BIEXBRWET7 = ) —VHRALLATAF E it
PWF), 7 =) —=NVRUyXFATFE F#5(Ph/BA),
T2/ —=NTVIEALT AT e F#EE(PWTPA), /¢
FT2=NT =) —ATF VI EATATE FiIE(p-
PP/TPAYD 4 BOMAE % M RIC L TUBROEREITA

oY

£3 BREEIWICLD 6%MIAEFFORE TA(C).,
B RB R #BE MLR(%/min), KR CY (%)
Table-3 Temperature at 5% weight loss(Td),maximum
weight loss rate(MLR),and char yield(CY) of different kinds

of resins by means of thermogravimetric analysis

resin Td(C) MLR(%/min) CY(% at 900°C)

PW/F 263 2.27 63.0
Ph/BA 320 2.44 65.8
PRTPA 417 1.67 69.5
PW/PXG 444 8.53 50.2
HQPXG 418 7.88 58.0
NA/PXG 503  28.1 35.3
PPP/PXG 465  13.0 46.6
OPP/PXG 34 13.0 30.3
MPP/PXG 462  14.8 33.2
TPP/PXG 332 7.80 455
BZPXD 362 5.11 45.7
PPP/TPA 306 1.49 62.3
BPF/TPA 186 1.62 55.4
PPP 662 1.22 83.8
(2) e R%

BRBDRBLIZIX, MBIZ X BEIL 2B <= HIzhi
WBLLTIT7L—a v IRRUELSh3,

R1OTT7Vv—varras/5h A TE, LT 4
BOBME2TIZZ 7y 7 BEBEISh R oM,
B.CD Ox>7 Vv—ar7u/J AT, PWF #ils
DHIZZ 7y 7 BPBINE, BEoT, LIEOBERET
BEIZBII 57 v—Y a3 IE Tk PWF #5137
/7.5 A PWBA, PWTPA, p-PP/TPA @ 3#»D
BE CRIEERMTHD 0 /5L D TiTieo1n.

BERTIRIIBWVWTIE, 2070754 L T, 4
FMOMAED > H PWTPA MIEORIZZ T v 7 BB
Shi-. F#kiz7’a 75 5 0 TCik PWF #ig, a2
75 P Tik PWBA BHiBIZ 2 5 v 2 R4 L. p-
PP/TPA #if5iX, v/ 5 A QRS THLERTEX -
A, PERRREREIZ 22 BRI R L 2T v s BRE LT,
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Q) BEABEICSITIRESH, REER

K4 ICEBERBEZBT 3 TROTNBLUBRER
BERY. REGARIT, MEOERIMNTIE pr
PP/TPA BEED 5% Ph/F B L © BV 23, 1000°C
PERL R DR BT PWF BAEA 69%IiZ% L, p-
PP/TPA BAETiX 65% & 4%/h&<ZoTW3B. =
1iX p-PP/TPA HIEDIHRE, 400CTOEP RN KX
WI b, IOBRBICBITZESFAY Iv—0E
BRRELEXONS. F£7- p-PP/TPA #i5iIzH\\ T
iX, SRRISERL(S) TITRFBERMIBER (LI LR TR R R
BES B LBbhot-. ThRObLEREEL TS
LAY v —B L GES FRS R OEBNEES
BT LEERLTWVS,

£4 RIGBE L TRONS L URREOMIE

Tabled4 Relation between elemental analysls,char yleld and
carbonlzation temperature

Resin  content  carbonization temperature(T)
%) BA AA 400 600 800 1000
c 743 747 847 806 911 969
Ph/FL) H 588 545 4982 206 078 049
Residue 100 974 903 T46 710 692
c 808 BLB 897 80.1 921 956
PP/TPA -y 484 476 487 220 083 0.42
O Reidie 100 968 BL8 TI3 664 660
c 808 Bl4 885 916 946 916
sFRTPA g 484 470 489 288 097 045
@ 100 954 843 670 650 620

Residuc

1}8Abefore aeration 2)AA:alter aeration 3)l:aerction time23hy,carboni-
zation time;150hr 4)S:aerction time;3hr.carbonkzation time;30he

OF 2120 4

BB ZBER T DB/, BB AL B75 9%
EORER, L LTREENMTICRIT D RAHER
EhLTFHRINSM, PWTPA #IED & 5 o A&
HEDR PWF #IEL Y b/AAS Wiz b 22b5F, PWF
BAEOBERTTREFRBOITHL 7 v 7 NE KBRS
e, $hbb, BRBEEE DR TrIsem iR %
TFHRTHZLIXTERNILENDRMS.

Tz ) —VHEORBEENRKE WL RILBER A
BETHILEZOLNTWVS . F0i=%, TEMIC
i, BIELRVWBECRBRELRLTBZLicky,
BEFEFEEZNSLTHILENEREATVWS V. T4
bbb, REEEIX, HERICX 3G T S8
ERTEHMEIND L L LIZ, HAHOKRE &1, #
RBRICI T B IRE N IR B R FMER OiRe 2 B -
THoLBbh3.

ZIT, BREORBEEZRDB-DICkHEE
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BELE. — BRI RXFIUBBOBE, V7 RAEBR
XV BEOEV T ARFEIRTITHERIT 1./100 BE
IIE T4 525, PWTPA BB X S ICHEITERB LI
HORFMBATIIBWTHRERDETIIDRWVED,
BRRER A T AEBRET IR

pFFEECBAL TR, OXNCTRTTorHEERA
NHOHBALE.

p=E’ /3¢RT————()
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REIRICE T HHERHREE.

—MRZ TN T AEBAIC 0CEMAHEERS
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BEXTELE. 7y ME¥IZ 1 CTHEZIT-o .
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HEIX PWF BIIED 1/2.3 THE Z L bh%.

¥72, 7=/ —ViRtERO 3R ATELREHI(DY) & 246
FE (o) IZHFIOBENRH S Z L BMbh TV ©.
# 5 128 B RATELR(D R L URBHE(n)
DHBEER»S, BHBEE(p)DKEEX, p
PPITPA<PWF<PhWTPA CHBZ & ERL T3,

#£5 7x/)—NREEEORGEE
Table5 Cross linking density of phenolics
Tg(C) E’ (Gpa) p(mol/cd) Dt(min)

PhW/F 163.6 3.283 0.301 47
p-PP/TPA 2559 1.732 0.131 9
Ph/TPA — - - y 118

Tg:glass transition temperature

E’ :elastic modulus at Tg

p :cross linking density

Dt:decomposition and soluble time in phenol and
sulfuric acid mix solution at 166-167°C

Bl Lo & 91, #iEME0MBESHOKRE S bEEK
BREICERT b0 EEL6NDH, MEFHOKRES
EHETHDITIIHEFRORBRENDLEND
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1 p-PP/TPA #{EEDORABBIRNARZ b
Fig.1 Infrared spectrum of PPP/TPA resin
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B RIEDRLE & Tl

Development and Evaluation of

Electromagnetic Wave Absorbers

Ef  fE—BR*

Kenichiro Tanaka

BE T
Motoya Matsumoto

(20024£ 7 A150 =8)

This study proposes a new design method for multi-layer electromagnetic wave
absorbers based on the theory of transmission line. Genetic algorithm (GA), which is known
as a method of discrete optimization, is applied in this study. In the proposed method, a set

of materials with several electromagnetic constants is selected to obtain desirable

absorption; in contrast, in conventional methods, absorbent materials with continuously

variable electromagnetic constants, such as foams, are used. Therefore, this design method
increases choice in materials selection and enables materials standardization. Using the
proposed method, some prototype absorbers were developed to verify the method. Free space
methods for reflection measurement are also discussed to evaluate performance of wave

absorbers and measure electromagnetic properties of the materials.
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Schematic structure of multi-layer wave absorber.
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Equivalent circuit of multi-layer wave absorber.
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Framework of proposed design method.
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RIEAMRY FPD—2 RE

TrI4Y X 60
HP 8763D (600mm X 600mm)

2@7 T

Port 1 Port 2

B4 VNA ZERTIRER

Measuring system using VNA.

23
(600mm X 600mm)

AR7 PT A
T+74 ¥
HP 8593E

BERER
HP 83630A

xB7r7F
5 BEREBLARI VSATFTIA4Y
ZERTIRER
Measuring system using signal
generator and spectrum analyzer.
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Measured reflection characteristics
of carbon coated felts.
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W H B BHETRIE L ENREE 2R, BRED
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Estimated dielectric
constants.
(GHZ) s’ 8’
3 14.3 3.1
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5 13.8 1.9
7 BEEHEO 6 137 1.6
LEEKEET NV 7 13.7 14
Equivalent circuit of 8 13.6 1.2
dielectric material. 9 13.6 1.1

4 L} L] LJ ¥ L}
Fi moas! —
ree .mlmi'&gg((mstt ) ——
2F Frea space backing (calculmd' - -
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Comparison between measured reflection
characteristics of a sample plate and calculated
reflection characteristics of a dielectric plate
with estimated complex dielectric constant.
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9 EABERRIUEORHE
Structure of wide-angle absorber.

N-RoBEFRE Priza-Ll

177200
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Structure of wideband absorber.
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©) BELE
11 EARERIREDR &4
Calculated (a) and measured (b) reflection
characteristics of the wide-angle wave absorber.

RELBRNS.

12 [T IR R O 3 454 (TE B, ANH
15° ) %77, 3~4GHz fHEIZIS1T 3 RIEEY—7
DFBIIEER KRBT TFHEDL 7Y )
DERTHS. 3GHz LLTIXFERZ FNEIGETH
BLELY, HEREOKENBREShTWS, BN
ORIEMIX, WAL IZ2ZR—HLE2VLOD,
2~6GHz DF ¥ DF T 15dB LA ERB L TV 3.
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7 3 r 3 3 7 B
Frequency [GHz]
K12 EHHBREERINED KM R4S
Measured and calculated reflection

characteristics of the wideband wave absorber.
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HEmEASIERE~ v MZEW D R RO
PREEZN R OF M

FEvaluation of the Protection Effect of Non-wovens
used as a Geomembrane Protection Mat In an
Ocean Waste Disposal Site

A R B KHA B

Akira Matsumoto Tomoyuki Akai Osamu Yaida

(200246 7 A15H X))

The protection effect of a geomembrane sheet reinforced with non-woven is studied for
protecting the mat from damage by crushed stones in a waste disposal at sea. Puncture tests
using an 8-mm-diameter penetrator and a pressure test with crushed stones were conducted in
this study. Continuous non-wovens, stapled non-wovens with different masses per unit area,
and a polyvinyl chloride geomembrane were used as specimens; both tests were carried out on
the three-layered specimen where the geomembrane sheet was sandwiched between the
non-wovens. Puncture test results indicated that puncture resistance of the three-layered
specimen depended upon properties of the non-woven. Pressure tests showed that non-wovens
with heavier mass per unit area were effective for protecting geomembranes. This is due to

103

effective dispersion of pressure applied to geomembrane by the heavier non-woven.
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Puncture test results of specimens and the
three-layered specimens
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RBEBHETR L~ A% T EER O TR Y
Bending Fatigue of Carbon Fiber-Reinforced

Epoxy Composites

M FTIRER*
Kojiro Morioka

EE Bz*™ E HEiT™
Yoshiyuki Tomita Masayuki Iwasa

(200242 7 H18H <1)

Carbon fiber-reinforced epoxy laminates were studied to clarify bending fatigue behavior and
fracture mechanisms of advanced carbon fiber-reinforced plastic composites. Bending fatigue
tests were conducted using a Schenk-type bending fatigue machine at room temperature. The
fatigue limit of cross-ply laminates ([0°/90°/0°/90°/0°/90°/0°/90°/0°/90°/0°/90°]s) was related not
only to compressive stress of laminas composing the laminates, but also to heat generated
during fatigue testing. For laminates with high resistance to interlaminar fracture or with
high thermal conductivity, the fatigue limit was related to compressive stress of laminas. For

laminates with poor resistance to interlaminar fracture, the fatigue limit was dependent on
delaminations occurred between adjacent plies of the laminate. The fatigue limit of the quasi-
isotropic laminates ([0°/:45°/90°/0°/:45°/90°/0°/+45°/90°]s) was related to compressive stress of

laminas.
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7 (CFRP)IIHIREE - BT B\ TR T L
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# 1 RFEHME L = HF VHIEOBRBHOME KL K) »Fas kD)

Mechanical and physical properties of carbon fiber and epoxy resin

M

Epoxy resin Carbon Fiber
TORAY TORAY TORAY TORAY TORAY
Epoxy Torayca Torayca Torayca Torayca
#2500 T300 M40J T700S T800H
B| iR 54.9MPa 3.5GPa 4.4GPa 5.0GPa 5.5GPa
AR 3.7GPa 230GPa 377GPa 230GPa 294GPa
WO A 1.7% 1.5% 1.2% 2.1% 1.9%
R R 0.4W/mK 10.5W/mK | 68.5W/mK | 10.5W/mK | 11.8W/mK

#
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([0°/90°/0°/90°/0°/90°/0°/90°/0°/90°/0°/90°}s

(a) —H P& (0 BUSHERE
Unidirectional laminate b) EAE SRS Quasi-isotropic laminate
Orthographic laminate
B 1 BB
Lay-up sequences of laminates
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EREFERBHOBEFRERR, K 2 ITREhD
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Mechanical properties of various CFRP laminates.

3.5-CFRP 4.5-CFRP 5.0-CFRP 5.5-CFRP
BIRRE 1.8GPa 2.3GPa 2.6GPa 2.8GPa
TEREIREE 1.37GPa 1.23GPa 1.47GPa 1.57GPa
BRI AT EE 98MPa 88MPa 88MPa 98MPa
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Compressive strength (GPa)
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[ERESREEDEE

Relationship between compressive strength for
unidirectional laminates and fatigue limit for
_ cross-ply laminates.
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5 200 5.5GPa CFRP
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Compressive strength (GPa)
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JEREEE D18

Relationship between compressive strength for
unidirectional laminates and fatigue limit for
quasi-isotropic laminates

4. %

i

AR TIE, BHRKREORRIBERHOERESR
#bx R X ERMBRCFRP)D#IITEFIZTONT,
ZFTOWBEBE A B =Xb%, 7FI7 W TTFT747RY

Kbe & -BRPELE. XHRATHEALE
CFRP 28\ T, EHFBBIISIRISHMTRL, E
BIEHRUTHELTWAZ LBRALNII -7, L
MoT, WHBENL, HRMEDTIRME TIXA2 < MM
BEEXRAWTTRETAZ LA THDLEXLLNS.
FUSFERBM TR, BRRCERETSHRS
NieR, EELBIBIIERISAIC L 581 0EABRKE
BIXEINTEY, EXEIEHEEH & RROEER
BRY LD EBbhot.

SEXHR

1) ASM Staff Report Adv. Mater. Process, 142, 16
(1992)

2) M. J. Owen and S. Morris, Proceedings of the
first International Conference on Carbon Fibers,
their Composites and Applications, 51, Plastic
Institute |

3) D. Dew-Hughes and J. L. Way, Composites, 4,
167 (1973)

4) M. J. Owen and P. T. Bishop, AGARD Conference
Proceedings, 163, 1 (1973)

5) B. W. Rosen, S. V. Kulkarni and P. V. McLaughlin,
in: C. T. Herakovich (Ed.), Inelastic Behavior of
Composite Materials, chap. 2, American Society of
Mechanical Engineers (1975)

6) J. F. Mandel], Proceedings of the 34th SPI/RP
Annual Technology Conference, Paper 20-C, Society
of the Plastic Industry (1979)

7 J. G. Morley,
Composites, Academic Press (1987)

8) A. A. J. M. Peijis, Composites, 24, 19 (1993)

9) S. R. Swanson, J. Eng. Mater. Technol., 115, 116
(1993)

10) A. Rebecca, A. Couillard and P. Schwartz,
Composite Sci. Technol., 57, 229 (1997)

11) Y. Tomita, T. Tamaki and K. Morioka, Mater
Character., 41, 123 (1998)

12) K. Schulte and W. W. Stinchcomb, in: K
Friedrich (Ed.), Application of Fracture Mechanics
to Composite Materials, Composite Materials
Series, 6, 273, Elsevier (1989)

High Performance Fiber





