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o^&^^m@<7)H0PEMm#^## 7 - ^ 3 v y 
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♦ CELI0N/PMR-15 • T-800H/PMR-15
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•E*: 1.4 MPa
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" ^: 593K
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SAMPE, 6,114(1976), NTQ ; 672K, 2.8 MPa
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18.)^a.

@y; 77: ©KsttHztiemKMSi^. 

*->$llg4:£EAX/±*7 ■<
S, SlA&C/yD -k X(735£$S$W4:m U fiRIffittW 

SlWErosiWtfrofc.

l±A6tt-£z>\ 3fc^Wr#&tiill8£#4 IT F
RPit--5W5£«li75;i,'. 4ft. Hm-TM Sit 

5»Hisnj.



Sam mm m mss mm tx?m%cQ*'< xi- ##

®x -f -C : x < 7 a%%. jmSS®. iSXA$V7"
KX, 7?; KRy^tX-f 3M

v\ c t t!2^/-.

OMx.^ ; 4#m5 2- 1 2 9 7 7 1 (52.10.31.)

D>/<A)
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I&SLA PKR-15j:J±678Si-5.

Sf a« , naw 
m . $:um , an 
M@tl». 
sirSLTSM . JH 
HSffllSM. BE 
ffiX», HEU?
im,«, 
i®w, mw.
ffiSW, AX*



w%im& of 3iW (WTO B# ^ 3 rn (WM) < y h ##

i.

(i)
FRMm#

FRMo)^#, ##

^aSvxc.
/^)

<k^<#am c-^a
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MPa (kgf/mm2) MPa (kgf/mm2)
1470 (150) 1320 (135)

^ m 1550 (158) 1512 (154)

Qzk^J — ^ 7(£$

2)m0##&7;(/ S A& 7 /f -f * 7' V 7 - A$#%#

(7)^^#, *ec<K:cvD-m&&i:z6PAN^mmm/
7;l/ ^ JL^ A 7 /f ^ . 7' V 7 y -
^^7^^.y,;7^-A(M40J/1080) , #<W#Uk'8&8S
Wf^rB^Lfco

0^#&/7;7 ^ ^ A^ 7 /f -t" 7' U 7 7h - Ale
-7V'-C(i. mW#2:L-CCVD(Ti-B) 2:
f <^:@Fiber Material%(DB*#g4F (#7>P859- 
12733). :####f3,860,443 . 3,894,863 4,082,864
4, 145,471 ^JctZ’Aerospace ^icOyKS#!^,223,075 
(0:t6#dS%6;K ^@^7/f-f.yV7^-A^( 
ggaum. %#ft#%i:^v'-c;m^^M40j/i080 
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S (-iJtiy) /W/)V 4
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-y ^ 7^(7)jj&#

1) B###0#aE : ^k^/f #(SCS-6) mm/Ti-6A-4V

to
# 723K(450*C)

MPa (kgf/mm2) MPa (kgf/mm2)
B#t#g 1470 (150) 1320 (135)
^ g 1523 (155) 1684 (170)

0*0 Tl± 1878^m F S M<7)|$rtT-? 7)SBeSK8tr 
t IX MMCIAC y
?-) crMVTfxmXl, Afma. SAHPE (#M 
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a)Mk^^m(SCS-2) mm/6061,
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MZcTi^- h

O Office of Naval Research (7) Dr. S.G.Fishman <7) 
^1: a^UfFRM/,%8^ 
n MCIti:-C Graphite/6061 7 4 -p , SCS-2/6061 (7) 
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05ES (British Aerospace £fc) 'Cl±j%'(b'r 4
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$:$$§& Lfc. ,

Omjtfj<7)Drexel;^£ Prof.H.J.KoczakcT)^^-^ Smith 
(Journal Metals 1984 March) LT
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HIffiX»8/tS 
Mffimzzm

z\) SWFRMtf-

^7.

YAGu—!f^S®,C02v—
mKttoOMOjyioso sy^-fty 

-YX (-Any) SE/1050 7-f^tr^v>TeEWW-t=£i)F 
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Ts2o)imt*fa 4M%Vfc.

*$l$ : 10 "STorr
SBSttffl : -150*C~+300*C
ft-if-f ^11/

iSgth^lWRil : -150-C~*250*C, i-J llSflfl
fiffiTWIRfl : +250°C—150*0, V-i lPtF.l

: 193, 222. 249. 308 (m) 
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m j: y. #m%M(cmp)(D#*^b

StSitffOX Ts5(7)J:?*lSe*fc

<##m<7)$-(ki:aam% y. ^yfy^®
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. 1988<F 7^)
• S.Seehra, D.Bewton, J.Rosen,R.Gounder..SAMPE 

Symp.,29,157(1984) ; CFRP(7)^^#4%(T)^k

♦ ^tM^SSEQ * The Aerospace Corp.
♦ Univers. of Toronto • Physical Science Lab .
♦ Lickheed Kiss. & Space • General Electric

• R.C.Tennysonb\ AGARD Coaf. Proc.,No.327,5-1 
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• S.Seehra%; SAKPE Symp., 29,157(1984) ;
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• F.Larsson;J.Reinforced Plastic & Composites,5, 
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Proc. 12th National SAMPE Tech. Conf. Oct.1980
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3EST@fflC)g$ (SSir) $6S;MS
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e.E»
0 4 . (a) -y* v h^OttJTlCiSE^TCm

?4E?'JSWOlKit0 
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wnv : o.lma^ 

y^-y bMtliK 400kgf/oj 
7 b KHFia : 2 j»», 
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(2) v

liE£ 4 0 mOiE$gE$IS,lt* b % a 7 X 7'£{$S Lt->'i v 1 MS L*E3Sti 
e (cf) mammmA# ®ejcfrp) £ a l t im i. fc c f
mm&ti (B'lkN CFRP) RVx$? ->8IH0^O fc© (EPX) 0 3Kf4Cx>i,' 
t.
SlcKf4®itSs CFOSe&cX^girW* (%) *2C3*ffltfWS®

t&KM® @ If 7 □ 7 'x -y KS$ii2™/min S.
O' 2 0 hh/ min© 2lESlTfr©, ^ 2
m/min ©«£ J C F R P ©fitf?»e$. ® $ Hi i> IZN C F R P <DZh Z J; >0 Ai 
©o v i-MScX <oSJSIWBCSECE?']5iifcBEoSi ® c=k 5 & © £
«x.e,ja5. 2 Orn/min ©ii-^C livTh.OffifcN C F R P ®^<*§ < &
3„ CkKi##©B@^±e©f:%. #E&#=0g©NCFRP©m<±#<%S6 
©iM^n-So $ 3 3 - h h'-A&Ctk 555KH5IES*5:i-. J C F_R P ©
JSiffl9?E5SS li N C F R P ©-enj; 9 ^ 3 4%*i < 4£5„ clxii^x -y 
mm%(:SmcE9^a^@E (7X7') ©*S$cj;5i)©T*5C<bii@6cSL 
k a iftSERiS* '/jittis.

mi K#©&m6cF(%)

E ?
tk @ CFSSirW^ (%) CF*#A#$ (%)

EPX LIT 0 0
NCFRP 1.38 37.5 28.9
J CFRP" 1.37 35.7 27.3

* 16S 7 7.‘7P: 0.2 ra 0, i? x. y t SffflEE : 180 kg/cm 
i±l)NCFRP©###SM% : 1 08C J CFRP©8%#ER^ : 9&

&2) J C F R P©@%6@#m©*mi± : 9 : 1
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2 SKS® ft if 3$tt$S.tf ft if 5$ $

s # ^ a % v K atnm# fttm$
E # iSS (mm/m in) ( kg/ mm2) ( kg/ mm2)

EPX 20 271 7.96
2 278 15.30

NCFRP 20 3370 52.0
2 3320 42.7

J CFRP 20 2860 42.2
2 3330 50.5

*3 ^S«0JSHS5»r?s$

K m

m % ( kg/ mm2)

EPX 1.38
NCFRP 2.98
J CFRP 3.98

*i> nx^7 Ki$$ : 2 m/min

2. 3. 3 0
StS-tiS!*® t' Te$ffl8$,k$8»a:lS®H^tc^s Rtf®**^ O-'t'iafeVflJ 

m%. £K8IU s£$E%ESEB5C3b-t,'T, 7

5?ni LTiSSLf:.

C fi y A##"?0%. t -f ■/ v h Rtf •>+ iv
ztimmg.m&w&bnmuz. *

iRtf$2iztmvk^fr.Ttm'hZft&ZTKVk' %*'ca(,0m%Ti^ eh^e
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$-4 (¥ts®«) ft* (6 2*g)

Z A X * Y A

E 12Kf x 2** 12Kfx 2*“ 12Kf x 2***
3c 6frx37?iJ 5 36
a (222*) 34x16.5cm

2.2^/cm $$ 1.8*/cm Sg 1.8*/ cm
(X, Yaffil ©HU) (Z^I6j©Fh1P5) (ZS'InJORSFi)

12Kf x 2** 12Kf x 2*** 12Kf x 2***
* 6ff x 3654 6 ?!! 36 #1
a (216*) 36x17cm
m SS 2.1*/cm 1.5^/cm Eg 1.5*/ cm

(X,Y^tB]OHrra) a^omm)

^77 -f h ( $f!5l/-3 y)
(%*) 12 Kf, ( 5&) 6 Kf * 51sEx.S,«* 8ft

S- 5 (*SB#) ft* (6 3 ¥g)

(S
) X * Y & £

e 6 Kfx 4** (6Kfx2 ** ) x2 *** (6Kfx 2^* ) x2 ***
3c
m

6frx37?<!
(222*)

5 ^ 36 VI
70 x17.5cm

eg 2.1*/cm
(X.Y^I^oFbIE)

eg 1.5*/ cm 
(Z^IdJOFhIE)

eg 1.5*/ cm 
(Z^ftoFtSE)

6 Kfx 4** (6Kfx2 ** ) x2 *** (6Kf x 2** ) X2 ***
❖ 6frx36?iJ 5 #1 36 vs

70x17.5cm
eg 2.1*/cm
(X,Y^1%©ME)

eg 1.5*/cm 
(ZfS'tnIOHE)

eg 1.5*/ cm 
(Z^A©HE)

ISffljfe: ■n-x?? 4 f- ( y)
(%*) 12 Kf. ( SA) 6 Kf * SISftbig:,** 8ft
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mSCIi, *3RO:4C^LA;H^7clttI*lflO'T®I5L/cia4-tfl40T'f 7*v MI
sti^uys. ? i-mumc
^%7cimsz^jmA#o@^##ciLTi,^. am

# (?#) S/S?MMf4(;J±-5T^-S*:aiM*SL. a
IS^ffl®ot0!i©®IMMI4Kit-^TaiS2©0lD!±tt$tii'AS < C

0150 i U T i±l5<7>ffl®|f^ © )$ S 2f 16] a)*: A § < s®ne©$s#E
JijOgUa^i'^SHLTl-'^ t>©i#^f)4aS0 4£j=Sffl(;:.4b-t,'T 3 Kf0*£)i0T
am-. m%L£=frim®i&vmm®®&m<Dmmiittijetii2.5j/c4 ass
nmmm52.6%) Rtf S.lJ/cd (57.1%) iftijx @®M(:ik-:T#%©m^@l± 
frts.9as < c4%6-m©mA#M©ai#@i±%mut-? i- >; y y xsiig. m

i'o&S#*5fc»s IB*tffi0it:®ti:-e-3tm;4k -S$ 
toe a. 0

x £ 4MMiJRjgii 0'> £ I' i> © (5 i'ffiSS® tt*3 < ^•5t>©<k#x.b4a5„

$ 6 S%7C,%#mA##0 T -7 V* y h a?#@

pS %• a. % 7 -f '/ v h #3% "7 h 'J y f X # #
a ( J /cii!) (%) a

N I - 6 2 ilE;5<dnll£w 12.4 46.7 BfSMS nS62¥®
I - 6 2 8.64 42.5 ^
L - 6 2 8.12 47.9 mmz)

N I - 6 3 11.0 48.4 fefSffi BSG3¥@
I - 6 3 K-0-am 8.67 49.3 x.-K4--->m $S( H
L - G 3 8.57 51.1 EfiX

J y i 7 f -xim 5.49 33.1

N J 11.8 40.3 (

K$4BR : Ifsw @5 t S£ 1
4 vftJL 10 X 4 ~ 5 X 60 (mm)

9



BSCT-f •/-/ hSiStSKC«t

. 09Ci±SS®ffl$SS5l@ C$£p*SESim NO.630) $ffll'tIILfc 3 SSSo 
KR- (N I - 6 3, 1 - 6 3, L - 6 3) (DaiS£®BoB$fH^toe;J$St„ SSo 
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o c Cfflt,^ISf40®SttT -f •/v hESSI|OiI^j:lBibTS>i3. / yj-\t

^©5158(2 4 0raT.$,5„ 01 0 !iCOi$E)g 

ISBICj;5SSi4©$EK5a*#:U;6®T. (L- 6 3) T(i®
BP#. EH$iII6^5I$t*3 c: 1

(t-f •/-, i@52ifvli y vfiD
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B# ra U it
t?ESS:*7-5Kg iE is : 60cm
i-63:

NI -63 : H^ &
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Nl - 6 3

1-6 3

L — 6 3

^ i o j;
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i.63:
L-63 :
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Carbon fiberHg seal

Furnace
Gas outlet 

(inlet)Gas inlet 
(outlet)

Temp. Flow Rate of Gas Coating(°C) (ml/min STP) Thickness
c 1200 Propane 3, Ar 250
SiC 1200 CH SiCl, 4, H-, 40, Ar 250 0.28 JJmTiC(1)1050 TiClA 776, CH^ 32, 400 0.25TiC (2)1050 TiCl' 7.6, CH^ 7.6 400 0.18
TIN 1100 Ticg 7.6, N24400, H2 20 0.20
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Pulled-out end C-coated CP Untreated CF
((x) in Fig. 3)

SAD patterns 150 kV

@14 tms (x) ait

Tic(1)TiC(2)0.10

0.05

0.00

Pull Out Length (JUm )

Relationships between pull out length 
and. interfacial debonding load of two-layer 
coated fibers. O* SiC, A: TiC(1),A: TiC(2),
V: TiN.



^ 2 sic am 2 j: (9 mao

under
coating

interfacial 
shear strength

(MPa)
tensile
strength

(MPa)
coating
process

carbon from
CH^SiClj 53 3300 batch
carbon from
propane 20 2700 continuous

none 43 1480 continuous

o with undercoat10000

» without undercoat

TiC(1)

TiC(2)

100 Q ——

%"d ( MPa )
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carbon
fiber

(g? si

311 222

311 222

28 (CuK*

X-ray diffractograms of the coated fibers. The 
first and the second values following the letters signify 
flow rates in ml/min of hydrogen and methane, respec-
tively:(a):5, 0;(b):20, 0;(c):50, 0;(d):20, 
1.4.
The letters C and Si in the figure denote the diffractions 
due to carbon fiber and co-deposited Si, respectively.

g)8



— o

ml/min

Q:Aj:V#A. A:Bj;U#A, #:A, BjcVI^BeC^A 
V : O^A

(gio

b : B j: U . c : A, B M #a : A <k. U >



3 I S/3
8 • 8 I L ' 9 9 £ ‘ V 9 L ' L £ m

£ ' 6 t £ ' 9 L V 89 I ' £ £ J'U

i ' z z L ' 9 £ 1/ ' 6 £ I 9 • 0 m

0 •91 £ ' P 5 L ' 0 8 £ V ' 0 /jii

6 • 0 l 9 ' 0 £ 6 • I £ V ' 6 P m

Z 0 £ L ‘ 0 £ 6 8 9 0 ’ 0 I J'U

V • V I ' 9 9 9 • 0 9 9 • £ L m

V ' 5 & 8 £ 0 [ Z ‘ £ L 8 ' 0 5 f*U

N ! JL/3

3 I ±/3

3

( u>ir ) (%) (%> ( 3 / 3 ui )

<64 r !T3pfl7 am
"3 ^ I V

xi|, I f C/9 ^ ^ t %

'o.ooA^^i909: q
^dWI992 \\ig:edwicc^ '3:edwigEC'%Tj/3:edw6962

£9 ss 9S£ Ofr 52
'fbjg

N g

69 su £091 0i7 052

8^ 19 299 18 52 0

SOI ^6 9S0I 28 052

86 88 6101 58 52 0 I 8 *0

£01 £01 5IZI >8 052 0 T s ‘0

£8 99 0S6 IS 52 N I 2L '0

(%) (%) (BjW) (%) UTUl/lillii

pq^woy 3 J A T3 ^ %



10 0

c/sic

C/TIC
C/SIC

1 0 0

(m g/g )

mil 5oo-(x

m

V
^ 2 0

0 -------------- :--------------=------------- 1------------- !-----40 60 80 100

mi 2 so or, 7



3

^ ^ ^ % rm 3%

^ W ( )

r 3l3 ^ J

^ 7c ^ .3 m

^ ;m ^%r ^ #f %9?



amiss

isjtttgF

• Sjgtt

®£ftt O® M

ffissM

mm

i. mMsmsFi^Eg-

1.1

F i«6 k A « SI o »ii F ffi £ 16 £ r 5 75: A tc. gtifi;

OS^ttoiE a 1^X025 ®6<j£ fir rf Sty 3 .
m M ti. S 5S £ S O Fr a O M ft £ ffi v> lc.

3) -$ m o ^ $t e tf s & 9 fi o @ s s ^ tt
n3.i;i:out %'4*>tc f h .

1.2 mME%88%<o%iEtfa<Odf-< y h

C fc SriSft. 3i* £ T # -5 £ (tKHti (c ffiffi -f 

5 75: A, £i: L T JamiS-dttft&ftb'Tt., HCDifl

iftiaSS'SfrfflV'. Ef6lcte-ir6 C ttz-by 5 ••/ 71-M
(L'C w& c t ^a? F <j -v ?z&mmz&mit:
^Otcou-COFfflEBSES-rs .

&. -e«oa«i-vh <j ■v?z<o>ii-mix.m&mm-tzbPk
tc. t. -en^ois<s*>f,eb-j$s 1$ £ &i-ii- & ,.

3L7-i;,OfS$A>i3 . S i C (cvd( ,-' T i

< /U . E ffl 5T fig 86 SI * if Sr % &«

- 1 -



1.3 >-h

^ ii 4 X' n »$$ tt @ £■ # S to il Fi % SU: 0 . Tivh U -/ ?x(:JtLTC VD1 

s i cmiT'h5 s c s - 6i<o. &•«/

OT i CWttaifctt/5iS$SS*tfc5A 1 . V. M o kVj j$ to As 1'$6 T 

£ bJj *' CLC.

®»6 3¥Kfct, 13LL<OSS5Bt23S-?S. 5! E £ 85«-« L £ $ £ X> E 63 $ 5e tt 

nmi&'rt*-jtitc, it* •? h/nci ->t

mmo%%.%<r>miii<om-£ttmz-ov>T. isit<oKisttk6a> 

«ii(;ov'tfta^Lfc. EtttiSCS-6C@$L. ? MJ -/7 x Ktijfc-f T i 

- 6 A 1 - 4 Vir-jiSE 9 ±tf*. 5 M)7? xcoS

liSSKM o&Mo-Ti ^^<0®-CE L.*«^«S»*{=-PU-C fillt Lfe . HTt 

ii s C S - 6/m o - T i /T i - 6 A 1 - 4 V c SiEt6 . 4 * £ il t> <Fr£±Tc

m#a u^T i 7!- v -, ?z*#a#m=-3V'T6#ML

t. t.

1) m # & s§ t* & s- « s <n m & i tin m m # ■£ <o e % $$ett

h u ••/ ?x^sisa

T i - 6 A I -4V^S, jy Itf-efllCM O S-62 L£-7 >- y -y 7 AC0i§£<7)E 

JS®4u$;3SEt4. STi0S^|!|l/2Tiyt. SUE® 14. h U

••/ X AC7)i%£ i CtCffiStSiSEx. •?•«»■{litT is S i , C

40Sf vzi:. RiEiflif § (c (4 £3 2 0%<0C3fl»<lgA<,#Ut.

SCS-6/Mo-Ti / T i - b A 1 - 4 V . 3 6 0 k s <7) E@a(C

iottT i o M o SizJ14>c9A 1 144

%. Vtt8%U&b®MlxmzbflsW6i>iit:tf, Si. CZt'nmmt'b
SiMii. cmj: A i . v <r>mmiis®lirt it/'. Moffl

i£ai(4'l'S < . 4* Moneys i . C WfiSS t *S hi: t *>:*>*> <3-f. KE-li

iEiSKtiM o ar E 5 3: v - S, ir iz it ® L T -r il & ffi T L » i;> -? „



C
O

«ttft-$•$#>*; t C b . pETiy )' ') ■■/ 7 X<Qig-£{£ 2 6 k c a 1 / m

0 I . T i £ CT ij-£ id: U-fll 6 4 5 k c a i Am o 1 X'h'>tz„

)*##-&###*

*6T i #&£#***£« 1 5 0 0 M P a . T i-6Al-4V^
ttt 1 9 0 0MP a X'k-ylZ. CitlCM oSKLfcSCS-6 /' M o - T i /T
1 - 6 A 1 - 4 VcotI-6-^ . 2 0 5 OMPa @%T&o
Cxi A Sr 1 12 3 I< T SB B L t k Z.h . wf fimA# - h V y 7 .7(0

t> 1 2 6 k s 3 6 0 k stliSI & (1: ifi W l fr-o tz „ L

A> L M o _bi#t7)*a< EEaEti*S < ®T L»utc <,»*»>*> t>"f.
-c <n £ (fc % S E(± Jt 6 « 4' 8 »' r> it,

-mKAmg«A#m

li? b ') -/ 7 X3im<r>s*<7)W,-£ X 0
7 p >j ■■/ ^ 7-&mt isiPi&t'fo'z. -rfrib-^T i ^A^affliaaiis i 3 kgg

TA-S^i. . Cli£x h V -y i AAfc ralgfg

X'h b b %Z-C?tl&.. 8 7 3 KI:feUtSCS-6/Mo-T
i/Ti — 6 A 1 -4

c6. S3 0 0 0 o#mtf$mr# 6 Wit.

1.4

7' f - -7« iefflT'fi Eft (4 @ fS $• 31 iS L ® ■& ji® L £ Wz .

L T I i . *Tny'i; l'<7)SfI'Cft-&$iS-C' 1 5 0 0MP a^l'E >)$$.

7 2 3 kf -eo9 ouo manf&^tix^i,., la»lfrma* 
ffliticii. $e««6. e». ^y-r* 

t' 49 ®! m r - S’ 6 45 ® T 35 6 . ± 14s 0 « 0 S 'C (i K; £1B « i IK M L X I' & v' 

LTI±S8®ll;08ff»)S®iJA flnxfi=& t'cOilii>ffigt'#) & . 5 <3 

iccnoexmik-f &(=um#««s. &m ■ aux<?;a x p *> a.ii■tbitt«e*»» 

n, CliiiPoraesii , ffl <’ «9f%«t%l I-AUU 6 „

« L ?t };5 « dt -7- y v -y ;k »s ffi T t b a Wi <7; S 8 "-S: "5 M £ . llS±»T'>=5r< H5

— 3 —



^Slflrny'i 7

s tf ± -c <r> an ra f ±, 4- b j£ * a » Sr i1 ?# l * ii is a>a a if «
Z0 7-Di/'x 7 !' £

2.

2.1 ns

^-y-X-r —7 "Cii IS Ei: to @ ^n >T 358! 69 =5:8:1} Srfr&iA , ill? F 'J y

7 X6-Atom%, *5<fc &<7DiEfiSfflP6 fr$Sfl <>*>(:C tSIIttJ

C«/cfc,

DlfKSLtS^SH^lSa^tt 

2)E*®$l7i)5'i|-fifitoStlM 7/Ptftt

.• 7) 3 .

m±r # 4 ixt %&£%%£ lt. j.- omm&mz&^Bmt ix$%.<Dmmz 

jfm-f &. ^-oms-v h y -y 7xto#EKfB£m%f & £* 

(c. 8aSMS&<0S-£ti£l3$®£aj%L, f ri4toMK^4%69^m&£#Mf &

Cix<3to%^^6 . S i C ,CVD, /T i ^S$<7)S^fffi<7)®S(cji>lt656EV

2.2 %0&(fM#tof&

u-x. h i p#ri&Bf&#. -rii<3«ru^#®«sto$m»<b 

er$> o. T-ftf'^yv ? zttfzu. ttz-?b')-v ? xcnmtttLx. an

SiiBlrtt-i X^*Smxhhi)K -S-^Tti^BlKtoT i - 6 A 1 - 4 VtoEtoAA* 

lii>l. -fix tab to-7 h- ') -V 7 XVtziboVY i -g-^fcov-Tli.

sflT-tiieftS'iiaLT t, &

h C6 t)'X- < . X¥A$BE-e#, 6 .

?.:t. *E%T«iHCD$PVD$KJ: • £fc£m*JbCM«U

- 4 -



&!t*. t£&««:«.m4H.:sk//x

CO f@ 1C j: o-CT i N^T i C&i'co-fe 757

SrSX L . -tOEJEX'XiT)!: 

. x ti -j -fe 7 5 ■■/ 7 ,x *> Cj #

B'xSBifcAtiBiiK&ElfttcSMb IT t'-S SfiSI t> tf =Sr -> . ( W.Ticti 1 odKsSJIco

WSt-fe5 5 Y f x i, •£«'\iSBC6<J(Ca1$.»s$iXS:fk L "O > 1, S -6-S:Si . -fe 7 5 

7 sstJ ) . 1 1 23K-t3 6 0 ks6

f. 1 0 - ’p a-CKSSaELzt. -Hi*0co 'at ?I-S 9&/££ 5 k ±t{;. 5?
BESS: S E M . E PMAii'T'iSlt.

S C S - 6 ®i& Sr ¥ff3B(CS?:] L . -Ul£F i g.

1 iz^tX O SClSS 7 0 jjmWT i t tzSiT i — 6 A 1 — 4 ViMiHI:
L/C. -Zfl§r*-v hruxx-~l 0'3P aES<0*S*f. 3 9 M P a . 1183 

KT1 - 8 k sflnflELTfi!IBlfz. it^S^Sfi|li««//S< . fflStf)§l% 9 lit 

®n-®ttTtt$$i6*<ISE-e6iX-S-9SfiK®B»tc±Tfflt:@S 1 mnxOlfc 

T i E $r li L . Piseic t a S ilit

X" § § Si. ft § 1 10 in m xS 5 0 mm x I? J 3 m m'C& J . C CO 3 m m 01*1. _t

T& 1 mmii t a b 9 . ^-13 X> 1 m m co 95 ft <0 A (c 3S <k gj *6 $: •£ tr

SC S-6««ttT i - A 1 - V - M o m-£tt®C’mm‘Ofzibcr>m%tc-&&mcD 

A^liT'°mT'$>-?tz. f;tTi-6A 1 - 4 V^ifloaiCM o 

Srlift'iCi i Lfc, Z%#^##C)#mii. »:<9X 0 SC<T7 7t. £-fffig£t$iM 

‘OiPt&miK^XIt^ffllglz X 9 T i - 6 A 1 - 4 V-&**?£■ m 1 2 uni SSi< 

Itc. Z<O^SE<o$a8fcS$®tc-eit-?ii6/tmES<o®5TT i - Ho^Mi 

SSI. Mii CiM o g--&± ^ fc |sj tRC 7 O^mOSSi Ifc, C </> E ?g (c Si P 

VDffi&fflUit. 15i3ftztESrg*XjM oigJEii? . 5 w t. %Slg-C£ o it. z<r>

seflu-r. ±EkR#cm^#mimml*.

3l%9«*A'(i. 5 5nmx6l 0 mmCtiJO Hi It. fit

Fig. 2 lZ7f<t X 0 s;. SSto^t-WXaai-ftSatoL&xj; 0 tc i£S $r ti. no-o 

•e-<9**®<9±Tffle-*@ 3 OmmOMtaT i SS-ffl 9 JR-> fc. Cco^Eli.

?-. a $ m *< s s l t s» -3 ft a c tsagtra
5e L it.

- 7 —



•rcoimfrs-. a* 1 0 2 3. 1 0 7 3 K.:1 1 2 3 Kf. 32. 4 k s . 12 

6 k s . 3 6 0 ks«f?B. ~ 1 0 “3 P a g® £0 41 T'.Sa»»a L * .

EEfrtCOViTSSiCfcviT^I^ 0 3S8 . 3 x 1 O-’mm • s -‘cOjSEfSIig 9 

SSK&fr-?*:.

ifc. C<OS$®Ut«EB$:BfeU. SEMffiitJtBW, EP

M U ■■/ 7 x <o # B iztsttZ, £ ma-m#co# ft £ ff -.> *.

2.3

1) *E8IS^8=<OiBet$Stt

± 3 C HCDICPVD ?£ i;ivc ## Lt. Cco#m

ti. ®st>)ico^&coaj$s$ia 1-a ro>'is®-eo. $

*1^6 5. L »> L . C£0*-ftf±Bt**5»2 3 0 0 KfelTt'ftilif.

^tcomc)##-et m* 8 -± & c t^-e#. t ^3«, .

irz:a»iz L/cto*iig^-rc7)i s*.schicff-f* Lr^A^k'^toEt^.; a »sr§

51»x. at«fcvh v
■y 7 x & m co k e co to it iz 1® l -c a t * n * # ® co s & ic wt h T'm tc a * z a 3 

*gA:£v'„

J:6mm$e#KBlt«. Tis?h'j7ni:

SLtCVDSS i C8SE<0 1 -OTA 6 S C S - 6 3'gtS 5£ T £> ■?> 8 h SriSlSL 

£. ±£S iC-Ti co W ® 5 JE to $IJ ic 2t L T (± T i co a T8 J: O' /5 ffl $• gS-firf 

JAI . V. M o#cO^AfLA:f2lffi.##TLW#TA 0 . itziixt, 
in-tirt £ Aft-t b Z. tizJi-j TElcKE-fflM t>zt$rSflti'CL. ®ffl

im • c j:

££14. fj iO-fe 7 S -y XX-S«cotoEtz-ov'Tiililt•<:-#.&.

2) %%m^W#co%rnEEt%m

•5°r B E E co to It Eli.! ii co J; 3 K#m*&a##*:amT&h . U*»L9IE<0« 

£tmti£.8<9$$»S-*A. d= •■/ h 7" O x & k' "Cit® 8 ii61»z.. SSttSiuttt

. -fr-LTUBNO

— 6 ~



LT . *-/ bruxizl-oX itm L fc SE A W Wp 4 0%8
« »s co e e $r * ts m « <?; a a w «i c),% s ® tt ic -? v i x _ is it m m m tt t @ « 

t <7>WScout tftlf L£. c WS<7)5$-(l:a$lti s c s -- 6 izlEst L . ?i- 

U 7?XI:li5tmS»A#^i4:T i - 6 A 1 - 4 V£A£JR 9 ±tf <:. tt: 

■liO&IkTimn&m&fti&tzfr. W-Mt lt«T i vb V V ^xcoairMfiic-9^ 

"C 4, Kit L/c , Cicow^ti. 6 AZ $M £ T'tcS f,tVC V> -5 15$ $•
l,lT(ciE<5 „

# ft A: tl A tt S <0 IS E ft *t L T K A 4- to ffi <0 - 3 $: Photol a .
BSCS-6/Ti, b . (imm%SCS - 6 Z Mo- T i / T i X'$> 6 . ft ft b

z j atmmmma
S - 6 EE-"7 h >J -y 7 X-KWWViBz 

p li O t O 2 iz;f<i\ & 2? »<7) 6 ffl ^ ,1V' S * A* rn E co - Si r. £ll«a

7p v -/?7,T3i4. aett7)abi£®tcji^n-5,eavvaii(is;*-t4eewe 

BfflC-r i C hSwrta'icfcIt.&fflEZiSt'S Sy-coii^rT'A6 .
ft ft <zs- $t« a $i $ * t* a £ « s $ an a @ « l *: s a .

V -/^x<05?Et:Ee<0K®«»$m<.it6. aCKE«<0SSti. 
EE-nerBl>tttci8*L-C v>& „ Li'LKl5i«I5r7l- U -y ? k A

Amu 3 < . Ufl £> A> ft A i . Vft lh%.&mu\®9km&>ihbixz>„
bJ’CSCS - 6/Mo-T i ZT i - 6 A 1 - 4 V <0 *8 & CO IS $ ft Ot, VC iE ft

5 . as-fabricate d CO a A ft ft 50 86 $1S E ISr BJ £ Photol. b 12

if. IfflffllttM o 6 e cthingisu

is. Photo3li;»S^H8Jl 1 23KT32. 4 k s toEM LAcisA 
«ffiffi¥K'Ca->S.. ^<7)^MrEE<7)@Elfj J: V7 h V y ^xitSiSUS^fit 

E^»^8£«KS.^5S«-*<Mo6ELCM o-T 1 otitis, C<7)#E#m 
£ {$£:*§ S fS ¥ "C E S L A: to A: P h o t o 4 TA&. 85Ei£® k 7 P V y 7X7) 

f ±%-86ft AttCMoS E L 7ft Stir A1 A <3 ft SAZ (6<SS«,)t,e)KJfc«LTIS»»$ 
BfliSA'T^Vi. ft»M o 7)#:%*®.U a s-fabricate d 7) t, CO A> <3 . 3
6 0 k s £ A: M o & ajj f, A»(cf- htzthft



to 3. 4 €> . • M o $• IE L

twi'minp h o t o 2ATi - 6 A 1 -4 V£;£<7)t»^i:t3flm«<7)iB@-e.

m&Mrst &i,zsir6mcof&ig:-t& z t ftizib htLti..

T i fcitfT i — 6 A 1 - 4 b 'J -y 7 % A# &ARgAi&%e E P M A

KiotPiELfcil^F i g. 3. aCit. 12 6k s Amm%A#^(i. 3 

2. 4 k s /t<7)-C'®B& Lfc. C ASSSUcg-P'uT .

jt-fS C S - 6 8«iS'iH<0ffiia(COViTii!:<6 . as -fabricated 03$ 

PC, SC S - 6<0E««®KtiB^<3»-C#<)3xzmS®<0S5<0C

A C iiffiii 3 M mSI«® 3 6* (cm O :-ti

%< , 4=*j5(fr$TC SEA/NS IA 3 O T u ,3 , CfUcfrfEU Si

coattiiSSk 3iH'^T ia£ A//I2A AwiS . C AS i }88@A$<kttS6T i 7 b 

V -y ?XA#m*'4UW:-v # 0 L3uii. T i ^i!7 b V ■•/ ?XAtSS££8:g8K 

Mt, 7b V v !»»><> 2-3»J8CfflS^S s i f*85iR@:AX-r-v r»$S 0 , 

•?■ A »:lc 85 3 1 Si LTA'hSfrS i A # # A & A # 6 *' I: 12 A 6 ft $ . ;«C 

-r i c h 1(± . E3fe<08l5gtc j:&t(aei«T&C Affiiili A

V cotwasc ±66AP#m3ft6 h »'T"li£-tA„ C ft <3 A C iKEAEMI; 
L?i'5*w. m5$ap h O t O 2 lz & ix fci~ &.

Cft6Alit#& 3 2.4k sAB$|gS®iS #T i 7b ') -v 7 XT'liT
i cOKititStCS/ 3 -A-y-ZAiSil. -entcWE-tSfiSiOS i (4 f-7 t/'ilpsh it 

6 „ -lilbCOE P M A»^!b8S«»eT*'<i - CtTSiti-iiT i s Si,5U^ 

tcfflS-f SSi)%T'h& Z!ii)<tyC>i>'tZr>£:. (l:mzco%f>ft£T i s Si,t« 

Ef 6 ) . $^CA##AATU%4^f^n*% &&?& 3 6 0 k s AtSgfrt,
isiLrcflafictT is s i 3 iMws i cm#hA#mcT t ck«s

(mmcifi&T i c & > .
Ti^i0«§ts:£-ifflii:jiiPhSp;tJii>T. c. si. tuckilt

li aii'lsl ffi A % 51 »>' ?# 6 it fz . Li'tVCoPTIiTis Si , J: 9 t, $<•>£*« 16 
II lc(gALTV'6<7) »< 12 A A it & . C A jg ® li V # ft T It ft ft £ * {£ L T v ^ t 

» T i C (CtiiS. SfcttT i CAT i A - S »< E18 L -3 «S »

- S -



Ibixt. A 1 COKTtr i s S i 3 <7)gUSli$4'f=-e<9SlE*<®«>i5tLS»$. 

is 0 m&Z'IB 1$, IX HJ t #x biib (5 fc'<7.)_i;T'li^Vi„

-rtu^osmS' 3 6 0 k s . l$r i 7 i- >j

■■/ ?xt«3 2 . 4 k s(OEK;E^iarT i s S i 3 A<12 A A ft A: A1. f <omd<0 

KEim«Sli/J'S< , 3 6 0 k statist t, •£<0S5<ctisiS9$<fcAt&V. dft

(C It L T i <0«taS*mj' 3 < * 0 . StTis Sian

Eic^ttiltctiuT C^iUE(c*S ^r-> a -/kX'-A{9ZftE, „ d<so»#tt. Tii 

c toBtii5$EA'f>T l C’SrS&-&%(=#@1-6- > A<afl

& fzZff)RSBiZt i>%oX . MWCC- r i c h|«S?i:S^LT6J,

T i - 6 A l - 4 V-gr&toS-S-li - C<0T i C SiCojj 6, /)> c v to b’ - ? »$ISA <3

ft 6 . i t A 1UT i i S i , d ft b tO*§UI A' 0 .

mii$£7) 3 2.4k s<0&%m<0#mUE PMA^aiSA^ttiB-f L <>«<.*>f’irv

*<. d<os 6 o k s <o se ® a ® a l c im <o to m Fg -e <?> e, i: s- x a ft & „

o S'CBtiik 7 F 'J 7 ? X to PS CM o *gd LCtsirCov'T tii^E. . d<0H£Me 

x>v>T . ±Efc IslECfFfflifie^jcSiRilir E P M AT-fi-iTr L CfcSSSr F i g. 3. 

bl;it. ztib<o&$klzfr Oft E> J; A (c Jn.aiafa 1ftC-fiaiCfeft E> M o toffitt 

tJliCAl, V*<M;®tL-C< E><OA''I2»OftE> .

Cfo-V7Ti±. m$.<o®!&7tmx-h& S i , CtOigElivhS A'-ift. -^r. Mo <0*1 

«c*B-rsk. %t $s a si rh k ft c -e ft a1 ® t -t e> m isi a< m s> o ft tz a? . ftogxt

ii/jxS < . T i - 6 A ! -- 4 V o tOj£i»(i'hS n; b A5^

b fr t tc r> tz ,
P h o t o 2 CIH Ltl^A i i; . T i - 6 A 1 - 4 V £ & S <fc V"-HUC M o 

* gd L A; x h V "/ ^X'CUMT i <o#A-Z 0 t, EE«<0fl!tSAt/]>S u. L A» L . u 

fii«7l- <) -y X XtcjdUT i,. R iE 8f A* & Oft E-«@SCIiiSS

<0 20XSR<OBafltf3>&Zb*2Z.)t>ti. d<0R(E#<0T%#g&RIEl#ia ( t ) <0 

f^#K#L7A%Lt#*AtF i g. 4 X'h'6 . d<OSS@6<OSgfflXNidftO«9|»tili 

« —iEKi&i: A^-f C i; A!T'£ . d <0 & IS (4 K Si & ili ft *> E> d k At^%$Al& .

- 9 -



f 2 X'. 2 ilA Dfiffl H 0 2 3 K ( 7 5 0 *C ) . 1 0 7 3 ( 8 0 0 *C- ) . 11

2 3 K ( 8 5 0‘C) t aag'je-i.? . 3 2. 4 k s e c ( 9 h r ) . 1 2 6 k s e

c ( 3 5 h r ) . 3 6 0 k sec (lOOhr) CQ jg] m 3 l„  2coag. v

-fh<7)-? h 'J -v 7 7AZ& wT b , i. fz ilPOSJglcfe <a~C b K/.5Jlc7)g$ c’jlWfsa

tifsiiS^ rn (t) (Of jymc&MLT w/2. :^SSa-9»l?scs-6/Ti<^

Fig. 5 i:Hjjf S . -f ixXr'ixn-? b V ■•/ 7 xi:ont.

Fi s. 6C^fi j l:r-l/ - ^7'7’o ■■/ h Lfj, f 7)

a? i?h'j -/;x«js^

1 j 2 5 . 6 k c a I /' m o I , T i -- 6 A i — 4 V <7)®-&l3.4 6 . 1 k c a ! y

mo I , M o-Ti /' T i - 6 A 1 - 4 V COXb^tt 4 4 . 1 k c a 1 ./'in o i X'
h o tz .

I- V y 8 7 3

t. f ; g. 7«j:oiztci. zw&miz-o^THik

<xic. . 1 12 3 kt-

i g. 8i:Sf. 2 co issue

j: 5K. a s - f a b r i c a t e d . %T i $• v h

V y 7 1 5 0 0 M P a . T i - 6 A ! - 4 1 9 0 0 MP

a . TilCM o & 2 1 OOMPatS-it.

2 fl f> $• 1 12 3 K J||» ftztZ.%, 1,1'f fL^j 7 M) ] 2 6 k s

8T"ttSMt»‘'/h$ 3 6 0 k s -C (5 56 is. '& 11: *{ W L *- -o £ . Li>LM o $• ffi L

. 2 S n 2 i: »<I3A <32i 4 .

2 ji <0$jSf#Bit:t-tf -55S®«$:lbS . v>-j‘ti.<7)-7 t V ■■/ 7 xicbut t, 

as- fab r i c a t e d Cijft S«lgr 1 t L t L tSSS F i g . 9

cst, at p i g. 4 »' p, # to ?2 «s & to gs s o $ it. /% is 10 as e «<o $m t b e

■ti"C I'sjia

2 69iSjR:(CA<32i5 8 -j te . 2 0 0 k sgSJtli^f



ticot b y ■•/ ? x k 6 aIIPi ';th bifi. Zhim&T i <0«S-^<0%tt»tSL< »

6 . 3 6 0 k s tctjltSSE «.#¥«. HT i 7 b V -y^X<0«^^6 0%S&T 

& & CO 1C it L . Ti -- 6 A 1 - 4VdAffl^ett7 0%Sf. ttUZM o SSL 

0 %'C£>6 ,

K it tt fi to ® E ti tE £ pij t" E SB 'C $ 4 to . ±$Bto3IE%-ffctol5CiM $•»&/.:

A. tt^ttficoEB. iue@s> rs]«coe®is^4/;/^j§^<osei& t y 7 b y v 

?xaiIl:o6tSMlt. -ctoiSlft. as-fabricate dtotKBtotl' 

o # # to 7 b 0 -V ^XCJ: StSStoSli . a Ait 1:1 XtotSiKEfc «t

•) 6S-TX8 v>T k A!iS to<3iiA:. TiiliT i to A Tli: $ IS F5 PS T" tfc S # < m 

ii 6 mmto#(t»<.

7 b y ••/ 7 x k LX S toTbiUl • ■£&<0A.&®£tt®<7)tD»Mmt PI#to%fbT

»®gl%*§-&. zzibnmmutta,z%-qll%'.'z.ttfmuzixt:. 
m&vmmmii. sai?*-*x-hhmm-aumvf cra*>&. i 
L . @ it to H @ ic it «E L T * 31 @5 to ffi Hie »+ S S iS « to ff § ti * $ to Kb i . *» 

tttoEEflliiF i g . 9tc^-t«fc otc3 6 0 k s to^ffifflci: ~jX i> lit & k'%'Jr 
Uui-U. Sot. ±3to5SEtof#»toETIi. 7 b V ■■/ ^ XtoSSET. £« 

toEMto*^totof fLtom: W#T& T k A'-CS 5: v>„

Ibll.toC k A * <3 Bi E to &Mt t i K15 @ to IS ii tc *5 S T & k # i. <3 zi 5 . Li>lM o 

ri5LA:^AtoKlSJ«to@St±T i - 6 A i - 4 VAAto«Ak±# < liS5:<3$.- 

vitc 6 /a A1 j) <3 "f. t£ S to % it ti M o 5r fii L A: i% A to 12 o A!'b§ v>. 

%tCto%AU.

'.TSi-i), i /kRjStftSfttoiiinick 6 * o TSfll^xii® £ «t/kto k #/LT to 

4A!. PffllC"->V>-C tit-Smt^T#) 6 .

1-0. h to 0 jft £ K ts m to & ft to £• -% k fff -ti- X ® It L Ac , A « S jg £ # « to % E b <

/Hi v b 9 v x Amto*toi%A .t 0 5 ,@toA-. BffiSlf t:ffl LT Ii7 b y v X x

tat mmsx'foz,. f %T i -&AtogmaEiis 7 s Kmtxhz, t t^a*

<3 . ZilZ-? b »J -y ? xk L ti a -ft bt Kt to fit ffl im & (c W L T li T i tr£k PiSET



S 7 3 K (Z fe It &hh thiib , ZvmgAziit,. »7h'j77^i:oi>t

affffiLfe. sawp i %. sfr;a^. K >j ■•/ ?xmtzn~g.i£m<7)
Jgg rural-^>fe'g;K^fc-r-6 8 , SCS-6 XT i TU8 7 3 K tzH^T W.&
&«.(?> 6 oxmmcom&i'Qi'Zmft-r&z. t<r>x-$ »amt#au$^2 7 0

S C S - 6 / T i - 6 A 1 - 4 V T hi 'S. &W7 0 % CT> aUl^^ )'s IZ td it 6 Fil ffl B# 

MU *4 3 7 0 0 0 B» fa. SCS-6/Mo-Ti/Ti-6Al-4 V tSIS 

8 0%co%gl^;lcOg?ifmmii:*'j2 9 0 0 C^*A*UA4 o s-ffl L
7c m & w m co a t # a m # m # m < a x & a;, m £ #30000 m m c ^ i t & m *

%IgTit,iv.~t b b . M o Sr E L tz® 5 Axav>.,

3 . :S ;A] ft £7) [,;j g jj; % cj |!f; % *]

CVD88-T i 3£« 6-RS (cti It h mm k 35tt £@, <: nfflcDm
8 $ 5g tt U1115 $ & M 5:9t % U . L3 !*] j> i VO' & ^ f «

ir*m<oam!n% j -cu6$jiiarsfflffi.x. ttpiiffitii;®

$ .7j E -s- S S ^ BK ® $n X tc BB -r S 0f % * e 5: -> T v' 5 A1 _ X it cO IS B8 (c *> ft & ijf i& 

(i. *£EV'T u&u. L- A> L . Xix7,«gf5tfi. *fif%

®!Wt#$%j8£fi&ixoT>gf3££i£fi LT'u-Z, .



1 Optical micrograph of cross section
a. SCS-6/Ti b.SCS-6/Mo-Ti/Ti-6A1-4V(etched)
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Photo 3 Optical micrograph of cross section 
of SCS-6/Mo-Ti/Ti-6Al-4V

' r

Photo 4 Higher magnification of creoss section 
of SCS-6/Mo-Ti/Ti-6Al-4V
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Q; Quartz tube 
Z ; 3-Zone furnace 
T; Thermocouple 
Ei.E;; Evaporator 
M ; Mercury manometer 
F ; Flowmeter 
B ; Gas bombe 
i; N.
2: Ar 
3 ; empty 
\ ; Isobutylene 
5 ; empty

CJfC,.C,; Cold trap 
V; Vacuum controler 
EV ; Electromagnetic valuve 
P ; Diffusion pump 
R ; Rotary pump 
D ; Dewar vessel 
J;Jack
G ; Geissler tube
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^ 1

tier6™2) (GP a )
87 E 
(g/cm) (%)

S55SS t> -i 7'
T300 -U 37.6 3.05 1.748 1.0

— S 36.8 3.24 1.757 1.0
HT7 -U 37.0 3.05 1.787 1.1

-s 36.1 3.40 1.801 1.1
tm&B.i' 8 7*

X550 -U 30.1 4.44 1.769 1.4
- S 30.0 4.25 1.769 1.4

s Tm-u 35.3 4.17 1.787 1.5
- s 36.0 4.08 1.787 1.4

B;S'f4¥ ^-l" 7'
M4 0 -U 32.3 3.21 1.829 0.6

- S 32.4 2.82 1.809 0. 5
HM40-U 33.6 2. 79 1.860 0.6

- S 34.0 2.54 1.844 0.5

U : s :

2% # ® $
(g /cn) (%) (%)

KiS 7 8 -7
T300 -U 1.50 57.4 1.7

- S 1.52 59.0 1.8
HT7 -U 1.48 50.2 2.0

-s 1.47 48.9 2.7

X550 -U 1. 52 56. 5 1.0

- S 1.52 55.9 0.7

S TE-U 1.51 54.9 1.8

— S 1.51 54. 6 1.7

^ 7
M40 -U 1.53 54.1 1.7

- S 1.50 51.4 1.9

HM40-U 1.53 52.1 1.8
-s 1. 51 52.1 2.3
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*3 'PEC F RP®m<ti*l8*3F<L5?l;&

% m $?L$
(g/cni) (%) (%)

^^2/7" 
T300 -U 1.54 60.6 0.0

— S 1.52 59.8 1.5
HT7 -U 1.55 60.3 1.2

- S 1.55 61.1 2.4
#** -1' 7" 
X550 -U 1.54 62.0 1.4

- s 1.53 53.2 0.8
s Tm-u 1.52 cn O

O

C
D 2.7

— s 1.55 60.8 0.8

M40 -U C
/I

C
O 61.0 0.8

- S 1. h5 59.4 1.8
HM40-U 1.58 60.2 2.0

- S 1.58 61.0 2.1

g4 CFRP fflILSS IcRlSf {%&&!% tttfmcD§m

(min)

ILSS (MPa)

25 °C 170 "C 200 °C 250 °C

0 82.6

15 85.3 81.9

30 84.0 62.1 55.3
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W&. I L S S

TtSRSsM-

x (MP a) CV(%) x(MPa) CV(%)

$38 JK*
T300 -U 75.9 1.59 79.0 2.82

-s 89.3 0. 72 88.3 2.80
HT7 -U 84.1 3.50 83.8 0.97

- S 81.0 0.63 88.3 2.07

X550 -U 66.8 2.72 75.4 3.56
S 84.5 1.39 88.8 1.66

STm-u 64.1 2.31 66.7 2.94
- s 83.3 1.20 78.0 3.22

$?9SsF*
M 4 0 - U 28.5 2.02 22.3 1.05

— S 74.2 2.10 79.3 1.20
HM40-U 19.2 3.57 18.7 0.80

— S 65.3 1.12 72.7 3.29

*6 CFRPC7)2 0 O'CSS I L S S

2 5 °C 2 0 0%:

f *1# (MPa) CV (%) (MPa) (%) CV (%)

T300 -U 75.9 1.59 18.0 23.7 0. 78
- S 89.3 0. 72 22.9 25.6 2.34

HT7 -U 84.1 3.50 21.0 25.0 5.06
— S 81.0 0. 63 20.7 25.6 7.70
7"

X550 -U 66.8 2.72 19.3 28.9 11.8
- S 84.5 1.39 22.2 26.3 2.36

STm-u 64.1 2.31 18.6 29.0 17.6
- s 83.3 1.20 22.8 27.4 8.87

M4 O -U 28.5 2. 02 8.14 28.6 8.13
- s 74.2 2.10 18.5 24.9 4.68

HM40-U 19.2 3. 57 6.29 32.8 13.8
- S 65.3 1.12 14.6 22.4 2.36
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$ 7 '»!$®SkS:l4$S&$lT$!!$UfcCFRP0I LS S (MPa )

sisec) 2 5 9 0 1 5 0 1 8 0 2 0 0

CHS(mm/min) 0.5 5.0 50 0.5 5.0 50 0.5 5.0 50 0.5 5.0 50 0.5 5.0 50

HT7 -U 84.1 84.7 83.3 63.2 63.6 64.8 40.5 39.9 31.9 34.5 25.2 34.9 21.0 24.2 25.4

-s 81,0 84.3 85.6 60.2 60.6 63.7 37.4 39.4 42.5 26.3 28.2 32.2 20.7 27.0 26.8

ST1-Q 64.1 64.5 66.7 50.3 52.6 54.4 32,8 34.3 37.7 24.8 21.9 32.2 18.6 21.3 23.1

-s 83.3 79.0 83.1 60.3 61.5 65.8 46.2 43.4 45.8 30.3 27.8 35.9 22.8 26.2 37.0

HM40-U 19.2 18.8 20.0 15.2 15.6 16.4 11.8 11.7 12.6 6. 47 8.36 6.29 5.81 6.35

- s 65.3 63.7 67.9 47. 2 49.9 52.8 31.0 30.7 38.6 18.8 23.4 14.6 18.7 19.4



*8 #tSme©eSfFWfS£ .hSB-e/utSrsSS

^ #
-4 ItMJS

tc (mm) :(MPa) ic (mm) ':(MPa)

saa*
T300 -U 0. 577 28.2 0. 287 27.4

-s 0.259 32.3
HT-7-U 0.294 26.5

- S 0.382 22.5
S#jg*

X550 -U 1.126 15.6 0. 492 20.6
— S 0. 732 21.7 0.320 31.4

s Tm-u 1.327 13.0 0.582 17.6
-s 0. 856 21.1 0. 411 24.5

K5¥'I4^*
M4 0-U 1.150 10.3 1.691 4.6

— S 0. 407 31.6 0.310 21.6
HM40-U 2. 688 4.8 2.196 3.1

-s 0. 515 31.3 0. 485 12.7

*9 #?5|6] (yl4^|6j) 90°3I®3$6

jKSSic ---------------------------------
x(MPa) CV(%)

T300 -U 38.2 8. 66
— S 50.4 8.01

HT7 -U 45.6 3. 34
— S 48.2 5.49

X550 -U 25.0 8.49
- S 45.2 8.81

STm-u 28.7 4.73
-s 51.7 9. 34

M4 O-U 12.7 4.90
— s 32.9 5.06

HM40-U 15.0 8. 02
-s 45.2 6.98



( m ^ # STB)

§i m.

* i=j

I# m

(MPa)

C V

(%)

I L S S

(MPa)

y u 28.7 4. 73 64 . 1

y s 51.7 9. 34 83. 3

z u 20.9 3. 07 64.0

z s 39. 2 4. 23 80. 8

m^marngs (s.)
I L S S = 2.668 .+49.8 r = 0.89 ( h ) ( 1 )
I L S S = 3. 59 S » +46.9 r = 0.95 (/<%?y ^ b^fb*) (2 )

Z = 1.728 .+ 8.25 r=0.98 (0fb*) ( 3 )
r = 1.878 .- 1.45 r=0.98 (m^fb*) ( 4 )

Ft = 2.968 .+ 3.17 r=0.98 ( h L/4]) ( 5 )
Ft = 4.638 .+ 3.62 r=0.99 (/<%77 -Y h ) ( 6 )

(Co) kofmm
ILSS=-1280(Co-0.208)'+90.1 So=3.63 (Hv^^fb*) (7)

ILSS=-1270(Co-0.243) = + 84.6 S„=3.32 (^T-fh^fb^) (8)

T = -1230(Co-0.179) = + 32.5 8,,= 1.15 (hl/±,^fb^) (9)

T = 120.3Co-4.87 r=0.99 (m&Xb*) (10)

F? = 4.44+ 1.51X10"XCo-963 (So=0.033)' (^fb*) (11)

ILSS=3.18A., + 66.3 r = 0.90 (j^fb*) (12)
T =1.97A.,4-17.7 r=0.95 (^<b*) (13)

-Co
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e a m ua to a is & t g ir f y m u e ja. < aw s -r s fc to. is r£ t
L\ fr- » 3115i! sfe ft- 5r IS Vfi V. I!,'l 38 $ fl fi v b V y f” x 8f E K to lx T, -F to sfe

ft- >' T 19 Jil&fT v. il»f E E Sr ill- *5 U fc.
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2.2 $USkX.tfMVi<Z>$-m

T M A 14. ft j|t Kl Yf- iff $1 T M A - 3 0 I f; 14. ^7-TMA404

Jll V> tz, DS1414. W-iSto 2~4nm © 6 X 6-10 mm d «, 4 k 14, # * %

1 mg 6 @111 L A. «ttgS*4l4. itt m IS 14 S 1C. W^ISStt. ig 5mm ©5 

34lEtcF5 < ltj-lcl$to U * d B 31 IE % IS *4 i? d 1$ 14' * Hi 1c E A:. — £

O 8131 d S $ 3t 81 T Ic £ v T. —2ild^$T, — & d I? zS 1$ E T' jJU E U T

. S E Ic *1 U T, 7 HfcTMAiS5:*ftfc. CdTMA

lUlS&lc*; if 5 Hllll.&lc #if tS -T 5 ©IS % T g t U T, @ 1 d <k 5 ic He A & T? 

5# 3t> A:.

T G li, H 15-TG5 0*m'ti^lfc. #*IS#to 5-6mg &70 

Ml d r ;t/ 5 y Bl S 83 Ic fit to U, — 56 d 811$ d S^- 5t, 81 ~F. 4 A: 14 % # &

aiSt 81 >' T\ — &d#l S811S T? 30~850r 4 T'iuE U T. S E Ic *f U T IS

14 d R a & y a y t-UcTGlUll*!;, ^to-^i«^UA:DTGltt^^*"toA:. 

E#SD8&fiEA: UTI4. IS *4 4» d * # d » Side <1; 6 1

20"C ic43 if 5 IS 14 d M S % 1® & ffi til] ic 3* If Ac *& A:. T G to Sic 4> if £ 6 to.

d mi iw A T d mm 6 d # A i: * is e a E ( t i) a 120%: ic 41 if a is#

d $t ffi & BS*4 d to Wi 3$ S (C till IE U T. StSMH-'^ 5%«rff;tfiETG (5

% ) % 0 2 d 4 3 1C 4< » Ac.

2.3 9f HE US ISdits*&!/;#&

MU

M £ 191 HE d 85 fli. & H>-? d If E t4 IP (iffi 14, fe) ?J All If E t4 t it ¥ to If E it

A: IC 4 T Ac £ At, T d 5 d 7. ? Ml y J X ©S © If E f4 4> 11 $ Ic ffi # IC

<4 D If 3 <1 t ic U Ac. feUStoItEf4l4, TMAT?©8S®l8<eaST?lSllltU 

Ob 3s to If Ef4 14. TG T-dEffSSM&'i&ET'i&af-f-5 A;felC, 4 "f. #it 

■6. IS 44 d df y -f 5 F (i|? IE St A y h Vfflflg) A: df y x --r ;i/x - y ;p y h

> ( 45 ffi S> t' * h U y ? X ) £ 11! v T tl % & f-Mc -c> d T fi 08 to & I# * ?f o

A: #. © E IIS % y y - y «fc I' KA to 5 iv A:, := df * £/ & © E : i@53<3 32 ( P

G P ) . « * 14 tt ts 32 ( P G N ) . JJ If E # t# 32 ( P G I ) , df V -i ? K

& © JIR : Si All * » * V n v - $ (O P I ) , Si All 4. $1132 (M P I ) . ®? Sr

©IIS? df y 7 x x >u 4- 3 df y D > ( P P Q) Ic o d T ffl/S U Ac.
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(1) T M A ic X Z> W SJ fi'j B #

a Tit TMA-30T'® -f- j.'f *, &U4 Id «fc 5 11 Ji5 »> b, J0 Ji£ © J& 38 £ # t V 

X, &©X A b A.

a) ^ # li, 1$) UR E 4> b to 6X10 mm I: % D ill T. 

b ) ^til&ill: li, ® » 5X3 i: -T -5.

c ) # EH JWi ?im A X b U % 3$ kL 60~ 100 ml b f 5.

E JIB E A U X ifi {16 £ di A E JIB (PGP, PGN, OP I) |;t!'T, 0.

5 miiu> © X y > U X to ill E $ A tt E 3$ to ill E Id <k 9. 50 g X © Sf A

fillX A. 3 mm <f ©E3i to ill M« 1: J; 3 frffi 5 gX © K 3S 111! *a © m 111] M. &' b-

£ A. A^#&B-ll&&Xl:b#T6AAId.

-5^T, 3 mm^©E3ttoill»&m^ 5g ©?5Sld<k911;$l,Ai:C:3il|-A 

6 C b i'V £ k»
m b ji A *5 jft & 811 Id m L A. fcifc\ It ®E te. ESE% 120X3X 24 

U'i Iti iilU£ It *i U y -> A - # * Id & *F U A ti © X * 5„ £A, to ill % © ti H

*r X y > b x y % {;: z£ -ft; £ -tf- x Sf A B BE Id g ti: » 6 ti K > b A.

PGN, OPixii. K# © B l@ ^ gill & & Id j; -b X,

* 33 t' l± IS to b it <c »> b A. I’GPT'lt e*S<«»‘65R«>fciaigJ»$Stt' 

to 6 ii< V A. x -n it. # HB E # X a. # X Id # £ It X t' & * # 1J

6 Ip IC E © rfi Ml». 4l E V A to. X © * # id <k -b X E JIB Ed $t -It U, £ 9

® B 2p 5> ME © ■£ * © Id *f U X. $ * iMl M X' I*. SEfiSid AS < 11®* Id* 

tfEdtozHtS <- M IS © * 4> id £ 3 S @ & £: & t' A to A s, to A- -5. %-b

x. maN#&b##/:ai-AB!&©##m8a#©#imi%mm&©iga%
£93E$Sld8H,XO-5A,mtoit.5„

X Iff dr 5>,%$9®«)*©6|-ABgtt, t'-ftot, 210X3SUhX26 9. zdfjp 

'>E1JB A U X tt i® V ® ?1 M B $1$ & 3K UX-ti 9. x df* F R P ©BE 

B m 200°C li. 38 Hit £ to. X V' 5 A S to to, -5.

df U X 5 K ,Ye E HB $ * © Sf A B BE 14 310X3 &>± X * 5 *> b. I fiHiil X to 

5 250X031, _b © Smtli to® A to. X V 5 A ® to to 5„

PPQtt. 1 & El % X- l±. 158X3 A ® t> # A B HE % » T Ed. 360X3 $ X 

till iB L A%© 1511 ?£ X l£ 330X3 X * -b A. 1 & 11:£ X fi E JIB * Id $ # U X
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"X C. $} “2-4-X5D > 9 I? 5? 33 @5 <4r 44 ‘I'1 ff :i s X‘i 4 J> 4- IS® 9 

tf ? an $ 5? m ® w © p -t # =4 of § & m a ffl & x 6 #. '« a a # sj 44 ?? u

iW««Bi5?:iVWI(T) 

":-/9 »ili%44WI® '9 4 * (\ 4 ±

if M -4 of $ ffl ^ m M to Hf Z % ••4'l-!ll« ?IRS
$ii 'Tto4i^ax-4<- £#<.*-a fiw&wmm&a x a '($&%*-

‘-a a a °% v, a if $ ? a 9 a- % % 44 fg $11

:? % $ H 9 61 % 44 at’SI to to --/ 9- 4-E 41 * $1W f® to gB $ a 4M4i5 ASf 

'a to 9 ^ $ A * # # to Ml Z # if Ml # &K d d d 'BSI&zg

3TWT1)

°-4 c. $aPI>9%

:i (% 9) ois ‘x "v ¥ °9 v> a 9 u? % 44 mi # $ f® »i 'G * xta 

o.oziz ti (% q) oxtoangttoWtoa to s?«3?;? t ;? © x 44 mi

ff^f® '9 ^to^etio„o££ aia '« (% s) o x to am y? ^ ^

"--/n HTBli-ISMBfffilto-lst^ '3 $ B 9 A Sf A a08£ 'a to ^ if 9 

to 21 ;<?-tf » ¥ B to % 0 T W 9 if cfffi :? 9 T A 4II iM to & to $ SI S'A a03E~

OEI fl-X Odd '/l?4-l “fl 9 * A Z ?£ 'to >K3 ( % 0 T ) O X S 8 4- «

?%0 'flV (% 9 ) OX *‘X '9 «? $f HP O X to am if Ml

°9 4- X as <f A 'A 3?iE31f ( 0

°9X ? i“ 001 ff® '?r«- ''i r a^mm 'mssass ( q
"9 4.^30 9-5 >•! Vj I.,4v,;‘ '9 ^ W ¥ 6k M f Hit M ( e

9 $ % % ? a to % a 9 ^ 44 ^ E * to $ # 9 ^9 $ (1 to # 9 m *

44MfAi»'f«9 4 A Dim

°9 $ am
4?h? ¥ x > $ a sr % to @ # @ & * am a ^ @ 9 4- s 5@ a d a a 9? 9 -4 cf 

w4 9 <1 a-ir®fi44Wr®<uiBC4itoff y am o a a 'a # 9 '<xpi®$nf,i 9

if tf S' ? :4 Of<<? Ui 5? ft? © © a- '-if cf S' ^ to -4 -4 A -% 3 & %f to fPI 0 3? 25f 9 ^



? h uyuiioTgii. — mra® <dt m a ail nt; & » 5 m§a&

& 1 i; % M -f s a 1U1 m. 1; ?j- is i~ 3 & is. t 0 t *to t. ti x to 5. l^uc*!
t>. U,1 56 * © *j E ft 6i )J9 T- 14. TMAI|gl:|)ttA5il!'f Fotct'il
® ©#sit#ffl® & k it>m%w<9 l frBkvtz ft tt <''%■£&$> z. sa^H?

to to sit SUS $: Jti to T t, ® JIB® g>» 6 S to A T g IriS VfiEii5# to 6 41.
5 £ t & W -3 Ac © T. ip ilfi to >r ;l"f 5 K ®f JIS ® fr 6 flij *) as U §L ^ T?t9

h'$9 m © 5ft & J8 to. 0 % ^ ft & # # W L fc. -t to *5 ».

T Sil <0 31'J & £ ft T- i!f Si fi < T M A llll ® z>$ \% 6 jL. E © W ft' to S ilfi £ # ® 1
(a) I: S l t J; 5 !; Si ffl £ ft Ac to a E ^ ft * fg ft 6 & E 14. 5 0 to®

6 T' 234 ± 3°C i WSift fcJUJFCto ■?. 0 t, ft to « 14 ft ;W 5 F 8) E ®

© IsJ flO to ife ft T to ffl £ 4 0 l (b) x?7SL/fcJ;5<cti£5feffiT-#toATg (

236-C ) ft® ®-$* U tz. 1-aT. CtoiiiciStt. M®TS|gi6H 

T *T fil t S 4? ft 5 to Tx T M A ft 4; -5 T13 ®l 5fe & ft T T' to 8i Si M * * ffl V'

tz 311 & 6' 6 f# 6 ft 5 T M A till $ 6. @ 1 ©4 5 4-pT T g ^

* to S £ i£ % J&3§Ofc.

a) PI *414 % ft 7? ft 9 ft' 0 A i® $) * (tiEifa 65 ft y '> a. ) tt5.

b) 1 mg y,"F % $$#¥ 6 tc 5 iSllll ft ?3 < t§ —ft KSJSft ft.
c) #(• saiEtt, ft# 5rtts.

d ) # IZB SU4 S? 58 # X i; U, aii i$ 14. ft# 60~ 100 ml t ft 3. 

e ) # m 14. 3mm^to«i 5g tU 311£ 5 & © & iti fS & jii V' 3 $

614. E 8$ S 9 to 7=r ffi 4$ U < K 5 ft 5 ft E x 5,,

£ fc, Ui$Stoxdf^S/ES) £JBV'Tjg5ibfc *St. @1%

Drl^SthHtLT'^fflS U AJSift. B /Tr T- to T g ffi # ® ® — at S ft h 

IS U t.

j® « i ft tz ua§imos ft -o ^ r. ± gg ^ #= ?. &atTM a - 3 o ft ft 9.
3 mm f to 5 % t% & # * fB <0 T m % u %. ^SS® il Lxm 6tlfzg%n (PG 

P. PGN. OP I) I: 7 o T 14. H $ to 11 & sfe i* T El & L. 4:

S T g i, -£ to tz. flf 6 ii k ft * % m 3 K 5t 0 fc.

T g to M 14. OP I - 1 £ Bii V' X W * i: g} IJ8 ® ® J; -5 * # * it O 14 % b 

iL 4c v„ O P I - 1 £ 2 toil ^ 14. $ JiS© ® ■It&fP to###!&•&. o i •?

-6-



\k 1$ ft © =& ft © ffl K to % 111] O P I -lTli 300°C, 6 E |UJ T & 5 © H *f

V O P I - 2 to ft 320"C. 2 lt,*i HU to IS ffiT? @fb U T O gj iB c T G I: fi

i/'T. OP I - 2 con 360r ft Ifi > b % to 5 © (1 *f V, to 9 f£S

t'llfttfcOP I — l © @ « ft 200°cftolti»> 6#^ i:a&«^##;to oto. 

d to I* T g (314 °C) J; 5 ffii'iSlSEt'gtffilb L-ft O P I - 1 I; liH

issss w n a # u 200-cttig*' bW®rr s fca& t %x

Mi5. ® * T ft ® fr- V T v 5 S® »s El S * ti 6ft to 5 © ll *f U EffitK 

T' ft |*J 8H © @ # ail S t|Ui 6ft # H o © X\ ® ® H to 5 wj ffl 4b W ffl # 33 d 9.

c © to to n E H9 -K »> b to< to to x g (s t u op i - 1 r ft ® M to E u§ «

,® to to 5.

lie oT, » * 5U4 & 1U o T. TMAlid;9Tg%#to5Sau±?g®^z)s 

Ml »> to 5 cd r, E 119 ■?: © t; © © T g#S<to (i to -5 to tot, ft & £ @J 9 ffi ft"

C to li 3; o T ft * iPtft ft & S II # £ to, ft ft © S W 5 to <t v CD T,

if B ft S # Xft-i ft © T g Ei S S i£ to L T tl 3 ft # $ to :t x b to 5.
cr rf? a?- i, & m )J9 © t g ft. m 3 r % b ^ » to 9 C. S gift fig #SSJ}< S to

T O 5 200°C to 9 20 °C ft to IS Wfi % 5x U T O 5 © T\ B#tof-5%@% 

if B ft ft li Pi $ to T o s to ffi to to -5 4\ # iS S ft ft ft I: to o r ft m ^ E m 

&, IS ft T g to 9 25 »> 6> 70°C ® < * -5 to O 3 IS © to * 5 © T\ fi Jt8 111£

o T B IS ft 68 % iS ft f -5 to 11 ft. ft 11, P G I ft to 3 f to 0 T g £ Sf <

r-5 Cl tomato to-5. to © to © E B ft E119 © T g ft. B Eft 68 z)$S* $ to

t!' 5 25or to 9 4or ftJb a V'm A:f# 6 to to © r. Pit®immitoses©

to to © E E © S( H z)Mj to to T 5 2)', $EIMEBftttf!iift£toTV'5toS

x. 5,

(2) T G 11 to 5 EBtflBft

IS# to© B # IW ft Jt £ 'to tof£ d ® T'. to © MS ll ft T G # EM T' j£ < 

J8 o 6,to, fb^6f)EBft©IP«#®to bTEflfStoTos, T G li to 5ft 

Sz&l£»!S#to©EB%fbft© fStif to 5 to, ftSSilgto LrB##E%a 

&#■ U ftb If 19 o e,toS, S # to CD B # IB ft # Hfi St © B 3 to % ft. ? Eft 

# x tfj r ft. S ft -7- ill A © B to K It # M S & to & #. iff 111 to ft ft 5 St to r

(omit'AMfr iuj sa to <t 5, to to. /5xy-*y?®TG©ji
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Ib^lffito 6 4ioototo©T. to 4i 6 © ek It to # % It 6 * 6 # $& ui b T
T Bii © aw sfe sfe «- * aa & b ft.

a) FS fi. |4 $ ® « k V. SIS SI* 5~6 mg^i" 5-
b ) »t£ A # X i: U T. SI m 4: % F% a St % to 4i toll. Ill T. 5l£ 31 14. &#50

»' 6 200ml <9 5 *> m & & h © a is m & 23 to.

c) iFisangii, s# ior tt5.
X F 7-TG 5 OK i 0. % A A X 200mlT\ J® {ft £ ti Ft PS

31 & J18 1C o 19 T 3l'J & U m # IW BH &• i& fi£ b U T T i Stf TG (5%)

% * to a. * 4c. aaT?toa^?-tom-(bi:z6%atmmato#«(9gg: 

i*to©to. 830"C It 43 14 5 ® & % ( R) to # to ft. # 6 4i Ft 36 M 14. ^ 

4 It 53 U Ft.

SI S * to 14. T i t T G ( 5 %) 4: It P P Q, MPI-1, PG PT'S

toll >9 &JL 6 4ito»\ - «i to It A 6 tc S14 K <9. a St * to li. :£ to © 8JJIS

T'Ti 4: T G ( 5 % ) i It 1 © 13 <9 §2 to 6 4x. PPQ.y,4l-©mSto

T i < T G (5%) b. - » It T , t <t o Ft. P P QSKftvmm

It 43 V' to li, El 2 © P G I © 4; 5 It. a St * to 14. afl © $ M It % t£ o T

, mb#«it j; 5 # & c a Ft to. s)ff?©a w ,£ it 4314

5)$®©® $ »iS!S* <k 1 4' $ < <£ •). TG (5%) A 9 to IB ^iS fig to.

to © t£ *5 * 5|i © & j$ js£ 52 *> o T <9 5. — SI £fct£ © i® V> P P Q to 14. 

0 2 ItFS b Ft i. o It. a St * © If) )ffl © BHh # S 4:, tor©%©±m©^#^

KM S 4vf. © 44 r^t A 5 S till i- to fg B £ IS < ft to. TG (5%) A

t) IS BIS It fifia! © ?t ,6i 2)5>l< to 6 4i 5.

# o to. JSffiEomJBtotbto^. #BBSt©iS^lt<k5»EI$:SrtoBiir-5 
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TG (5%) tRffl M © 31’- filG 6. SI 48 * to © lb # * Sf# it 14. PPQ
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p * y. TG (5%) li ?S M to © (fl <fc y % 30-50T <£ Wfl & 5) U ft. 

TG (5%) 6 ji ft to to 6'j it & 1$ to I® to ii. PPQ>MP I>OP I>

PGI=PGP>PGNT'»-5t. £ ft. 5£ £1 to T' I* ® #6 to ft to SOOT# 

Jtito y Si8t tc 6 to., R t± i-> -f to to E JIB 0 T- $, ^> ft to T-. ft
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to 8) to - gji l; -i X F *5 £ & # -f -5 ft it> t>\ T G (10 0%) li SS ^ to % m 

l T l' «.

6_2..MJS
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(1) T M A to to 5 rn pj fiii I) rn tt

K # K A T A 2mmto @ to to E JIB tS ft U T fifetit; to dl ft to T\ to 6X 10to 9J

y & u ft%#:K#&)s v\ aiSTM a-3 o to to y, m tog ft h 

a& v. TMAium&wft. ft ft u & im m m M u T a % -f a ft.
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to aw % l: & (X to. *tonJE-(b to to 5 ftSto>;h.toT g ©AST:6s81 a to lift, 
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to. P G P ft P G N tt. -B E © ffl B tt x df to to E JIB M Y 7 2 0 <k y T g
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s <. ft a « H B tt If ft ft x if df ix ©j Ml X' h h C: h ft' U ft b ft ft.

F R PtoutwRHi'f). 8) M £ X Ii fflj ’ytLh'X % ~¥„ F R P E X ti.
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(2) T g t: i b ®i B ft B tt

g $ JiE i ft' IC 51 iL L ft & ft V SM & U TG (5%). T , . R. T G (

1 0 0%) t D T G 111 & CD e - X F ■/ 7’ fi % (Tp ) Sr S ib tz. '<# G ft ft

m $ti, a 3 Ic i b if) X 7P L ft.

i? » 41 ft Ii. TG (5%). T, t 6 SI E ic J: & ft § ft: 51 v Ii Bto G ft 

ft u. «-)T, l?8 % x if ft ft SI IS Ii. SKcoilBxifftft8118i:t2l3.'P]b 

■fb$-WUBtt Sr -> ft u h t 1 i h. ft ft' U P G I Ii. T p 

ttz R 6® ft ft A*). tt 5> jfl ft S <, RTb$ftft% ft k Sr L ft U 6.

ft ii Ii. P G I ic ii. ill B % M tt ft iS v> 4 5 F S3 $ ft # tt tt b tz tb X fo ft

-5.
5 m ft tt Ii. g ib tt « Sr tt t J2r». uttticoSHSGSSttJ: DiKST 
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(a ) Powde r

234*C

(b) Plate

100 200 300
Tempera lure (°C )

151 1 TMA themogram of Kerimid.

P PQ

TG(5%)

\n 2 TG curves of matrix' resin in the dry n i r f 1 on



■K 1 TMA

® m & 61" A 3 S
(&M)

(°C)
(to *)

Tg (°C) 
(%##)

PGP 225 234 307 ?
PGN 240 239 253 243
PG1 213
0P1 328 320 326 310
M PI 313
PPQ 333

% 2 T G 811 & *S »

min$ T 1 TG ( 5 %) T G (10%)

( °C )

P G P 3 3 0 3 2 6 3 4 6

P G N 3 3 8 3 4 0 3 5 2

P G I 3 3 5 3 3 3 3 6 7

o P I 4 1 7 4 2 2 4 3 8

M P I 4 5 1 4 6 2 4 7 5

P P Q 4 3 4 4 4 7 4 6 6



Glass transition temperature (Tg) obtained 
by tbermomcclianical analysis

Resin Tg of powder Tg of plate
(°C) CC)

PGP 241 245
PGN 224 221
PGI 221 —

OPI-1 314 262
OPI-2 319 324
MPI-1 318 —

MPI-2 289 —

PPQ 317 —

4

Thermogravimetry of matrix resins
in a nitrogen flow in the dry air flow

Kesin
T, TG(5%) R T, TG(5%) TO (100%)
CC) (°C) (%) rc) (°C) GO

PGP 363 348 29 293 317 657
PGN 341 341 31 272 295 663
PGI 350 347 42 264 318 709
OPI-1 424 423 46 370 389 686
OPI-2 426 434 47 366 384 668
MPI-1 422 440 62 371 393 672
MPI-2 465 472 56 396 425 701
PPQ 480 505 74 504 459 738



& 5 x d? 4- •> tilllliOil ;%1 •/ i'll

tij 1)5 £ PGP PGN PGI MY720

TgCO 272 252 225 243

z-^ TG ( 5 %) (°C) 343 349 347 345

T 1 (°c) 357 356 353 361

TP (r) 390 386 402 390

R (%) 29 28 34 28

TG ( 5 %) Cc) 304 309 293 280

32 T 1 CO 292 296 257 251

TP Cc) 321, 532 316, 538 304, 553 291, 532

TG (1002) Cc) 650 652 670 658

a 6

-7 b V V 7 X ® m % # :? y # B§ 'J 4 5 K SB IS tfi $i ® IS
PGP M Y 7 2 0 A M P I SEPI PMR15 NTPQ

T g ( *C ) 2 5 2 2 3 6 2 7 7 2 7 7 3 2 7 2 8 5

T « ( N 2 4 ) ( •c ) 3 6 4 3 5 3 4 0 4 4 0 9 4 2 9 3 9 3
T » ( N 2 4 ) ( •c ) 3 9 6 3 8 9 4 5 6 4 6 3 5 9 5 4 4 9

T . ( A i r 4 ) ( •c ) 2 9 9 2 4 6 3 6 0 3 6 9 3 9 1 3 5 6

T , ( A i r * ) ( *c ) 3 3 1 2 8 7 — — - — — - — - - — -
5 2 6 5 4 0 5 6 5 5 5 1 5 7 3 5 5 4
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(^0 4 L to
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y§ = B o + B i yCOd+B 2 TcOD+B 3 ^OD + B 4 YcOD

B%5

(15)

7s:

1
3-1"

It
4ln

(1 4) & CX^C (1 5) (C & # & A ; & CX B i (d:^ 
^^;i/4^-#%$Gn # (1 4) $3 j; [X ^ (15) 

<tO%B(%7fXbCOD=]y7'7^Tyx7coD

GIIC~
P2 dC dYcODP^_ dX=__ _____ ____

2B da 2B dy^QD da 
3 (§) (B0 + B17COD + B21§OD+B3 7COD + B4 7COD^

lE^H VB
Bl+2B2YcQD~f^B3^:0D + 4B47C0D

A1 + 2A2 YcOD+ 3A3 TcGD
(16)

C O D 3#eM3yy7-Y7yx&T(j:a,(14) - (1 6) l' Tx #3

dGi]
da

<0 (17)

dGn/daU%^Oj:3(c^^6^fL6«

(18)
dGii 982a 1 9a'
d* SEiBWc^L 2L^+3aI

^ (1 8)

a~TT==0’7L (19)

OOP2 dC

2B).2 da (20)

3Z (2 0) ^COD—CODov 7'



9C0D^a (21)
da gE^B^H^^

<!: % 9 , ^ ( 1 7 ) $fL6o %^TCOD #1#0 ^ T U. ^ (1^

^4j#E^%ao /:^L. 3yb"zL-^-e$j#f6O(iC0DT&5o 

l'6ASTM E 3 9 9^^(c$%L/c##x

^ tf ^ a j: o (c L /:o 5 ^

j: %^A#2)#m:&^x.ao - r
^:t#j-r # a c fwi%#o9f#-c

2. 2.

( 1 )

^#M"(d:3 0 0 07'f7^yh^^%ai#:(D*-^yh9 ( ^ 1/ T 3 0 0 )

(AB^-fy + ^V^^ h) -?@2#3mm(c%6ct9 
(c^^L^^cDT^ao h 90## 1 
# A L T a«

( 2 ) BE###
#0 (5 8#^)

—^{CT^MLy:o ^%^#^^(C(il#oy^^^^S9 20 8 JZw 
#mi#m(c^iAw#T^7'^^mL/:o am (5 9#^)

2. 2. 5

aa^^m^A s ENBK#fT-o#a##&2{S(;:Lf:s

(con) mij
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Ei 1 4(c^i-j:f,yz7
vi/S/x-aA&jb^ta-fyK^ vf#o#^#^ADE^gcmM"^f;mLy:o 
C(DW:#M"^ASTM D3 0#R^T##^^Tl\aE#^#M'^##(cLy: 
&0TG FRP^7'@#;^^#Ef + V

( 6 3 ^gT^%9) o

2. 3

2. s. i

(9 0/0) 2sf#g|^B%##04Z^l5;?]&&9 Q « 

m^imisfc^fo ATtAfT
1) % #t^:

2Hz^TF'r(iKm(d:M^>L.

5 1Hz(cjo(fa#^%#^Km(i2. 5x10'^ Pa

-' 6%&AA C0#(im0^7^-e&ao oo
1 °C (c fg ^ f 5 i& # # # BB #? # 0 . 1 4 MP a T & 5 o

6 C t i$ t> & 6 o

gc^fo w#(i^m^(c4>m<
— S( L T V >5 o

9 ic^f^ ma<D#ge

# L T El 2 0 $#g(D^fW!#A9#0. 3 rnm0^m$G@Ti##(i —g(c
L T ^ 5o

j: ^ v T ;i/^ ^ A
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Ki / PO^#^Ei2 2(c^:fo #@ —

K, (i^^LTU6o —
AKi ouicwTm^T&^wf^ira^maftao

^ C T, R = 0 . 1 ( —^)6LT. #m^500Kgf^^l000Kgf
3-f\ |g|23(D«j;9(c50Kgffci#%]^l±T, Ei
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0 ^ tl, /: o

"#" %: 6 5 k"— ^###Pma x a ^ <3 El 2 2 0 15 %
f#Kma x^^#t#:"C#60Ts Kma x 6 

6^g)24(Dj;9(c^6o #^#M^<^^%^TM^#Kmax(iO. 6 ^ 0 .
7 MPa\rma-Cl#%f6#[S] ^ ^ ^ 2 . 5 m m 12( ± T U (&

^ 0 . 7MPa/"m6%^T^6o

JBM^TPBfl^rflfTV %>o -t-0##CZ^L(j:s R = 0 . 2 T? K m a x >6* 0 . 7 6
MPa/'m^/iao 
L T l' 5o

AK=AK0(1-R)r (22)

AK0^R=O©#©jS^%±#^$5a( = Kmax-Kmin), r (1 # # ^ 

(c##&fl,x#gd;#-eW:r = 0. 5 1T^ao±^,<tOR = 0.
#IR#Oj#^©T^^Kmax^:t#:i-^<kKmax = 0. 72MPa/"m6/I5o

(cz-3T^:@s^tT,i:ua7z$b?&6<km^$ti,6o

2. 3. 2

-f ; ^ m#m(c$ij^$fia, m2 6 (c$a:
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EisiicmmijLyz^^^^^coD^yy^^Tyxo^mijmo^m^x ms 
2 (c#i5@^^#:3y7'7'f7y%<!:COD3yy'74'Ty% ©# W# © 
f ftf fliS (14) (1 5)

c©^&©w%m^mmT#6o m2

© # @ - co b
% f- v y x # M & fi & tt ^ 3 y 7° 7 4 7 y x (c z& # f ^ # /j\ & i\o 
m 2 (c & L /: t - K n G o

#^:#@^^^6<!:ASTM-E39 9#^(cy# 
% L fci#& j: 9 ^m##@^^^(c##fa/c86Gnc^^5%#^m^^LT^ 
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^ W 51 iS Th -E> £11>J 5: /E £ft ££ § §< iS II /cC £ £ tf L T & *9 N ^ /J£
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x ^ T R usseii >, ©%n^ 0 ma ^ ^ c < fi#. (1

& C 1)15-20%^^
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m u /:»

2. 3. 4
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gim p. %

i # gc # ® f± #

Material A B C
Lay up- (04) s (902/0/90)s Plane wovenMatrix #2500 UE-2083Fiber T300 CFPN#3113Vf (%) 60 47
Thickness (mm) 2 3
El (GPa) 127 37 (38) 49.6
E2 (GPa) 8.8 96 (98) 49.6
V 12 0.33 0.03 (0.03) 0.04
G12 (GPa) 4.0 4.0 2.75

#2

a (7 )
t7J9li 9 SIS
A ( 4 )

ASTM E399

G DC ( 5 #)
( N / m) 558 554 585

23. 3 24. 7 28. 8

# 3 i (itm : MPa/m )

^ # M" # ?BV3Sm Ytfl
(mm) 1 2 3 4 5

80 19.2 158 61.1 42.8 1.08

40 129 69.1 37.8
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15 0 mm
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GFRP Tab t=lmm

Plane woven: t=3.04)12.5 Holes
Crack Steel tabs:.1=5.0
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UJiSj 2Q mra
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INTERLAMINAR FRACTURE TOUGHNESS TEST REPORT 
DATE; 3l-Mar-86 TIME: 17=3
SPECIMEN ID.: IFTT7 OPERATER= T.K. & K.K.
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FRACTURE TOUGHNESS TEST CHART Cby KTEST. BAS) 
SPECIMEN ID.• SUA322.SEN DATE. 31-Uao-QO 
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gg FEM / E-399
g Russell / E-399 
g Russell / Max. Load 
□ FEM / Stable

T300/#2500 T400/PGP T400/MY720 T400/AMPI T400/SEPI T400/NTPQ

Materials
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F R M jf!jit{$©fitSn*F&!§:E+H!Em (damage tolerance design) ©#]%^ B# d: L T,

Fs*. frm 
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QV. 6.9 2.0 16.1 6.4 0.3 2.6 3.3 3.4 2.8

n 5 5 5 5 5 3 3 3
H R % 0.82 3. 6 25.2 77.7 3080 3290 0.376 1200

sd 0.08 0. 54 2.0 7.1 69 28 0.017 25
C.V. 10.1 15 .0 7.8 9.1 2.2 0.9 4.4 2.1

n 3 3 3 3 3 3 3 3
S R X 0.85 4. 4 ' 20.3 56.8 2460 2660 0.391 954

sd 0.20 0. 57 3.8 1.5 100 28 0.020 16
C.V. 23.0 15 .1 18.6 . 2.7 4.0 1.1 5.0 1.6

fefeb, £ pliitkSiJKUr^A, cmax lia^HlB^CDU-rATs OR©® 
500f*T$5. *fes (rpIteiMmJZ^feb ff max i ±AJ;IZ

ts^ Enii#vit* e>#S)fe^i$s, .zsirorfry-vi'
V ii/-K.7 V>its G li®5IEST$ 5= Mfe. x - sd, cv.ii.

ISEi. Elites Sir.



313 . CFR P ®5l36#tt

Type
c pi
(%)

£ max 
00

a p 1 
(MPa)

cr max 
(MPa)

E
(GPa)

V

n 5 5 5 4

0 e % 0.74 529 71.3 0.043
sd 0.03 29 4.8 0.005

AR
C.V. 3.5 5.5 6.8 12.2

n 5 5 5 5 5

45" 0.44 12.3 63.9 249 15.4 0.742
sd 0.05 1 .2 3.1 7 1 • 2
C.V. 10.9 9.8 4.8 2.7 8.0

n 3 3 3

0 " X 0.72 515 72.1 0.046
ad 0.07 27 0.8
QV. 9.1 5.2 1.2

0 R
n 3 3 3 3 3

45" X 0.56 16.3 40.8 233 14.8
ad 0.39 4.7 12.2 4 1.2
c.v. 69.6 29.1 29.7 1.9 8.1

n 3 3 3 2
0 ° x 0.73 519 70. 1 0.402

sd 0.03 24 2.0 0.028
- QV. 4.1 4.5 2.8 7.0

H R
n 3 3 . 3 3 3

45" X 0.35 9.22 46.9 178 14.6
sd 0.10 0.85 8.1 1 2.0
QV. 27.5 9.3 17.2 0.6 14.0

1") 3 3 3

0 e X 0.75 513 68.3 0.046
sd 0.01 10 3.6
cv. 1.5 2.0 5-3

S R
n 3 3 3 3 3 2

45* x 0.27 12.2 38.3 209 15.8 0.776
sd 0.04 1.1 1 .3 6 2.0 U. 009
C.V. 14.8 9.3 3.5 2.7 12.7 1 .1



ESS SJ?
(nil)

®E!SE: ffb 
■(KPa) (XPa)

18I«$
(X)

: l 357 854 59.7

s
2 518 788 81.9 .

3 566 700 59.3

E%
ESS

2 390 739 61.5

ESS
2 491 707 58.1

*5 O'%fa&lbtt<04

tiff 5SS( HP a ) ® If ft b

$# 0 Jztzb ( GPa ) (bd)

1 OF 1627 1695 136.2 4.1 T,C,T+C
(taffl) [0']8 1597 1695 132.0 16.4 B (n=l)

2 CF 1803 1881 150.0 4.3 B.C+T
(w#) [0']8 1499 1578 136.2 15.0 B

3 GF 1215 1539 56.80 9.4 I
(zfi-ffl) [0"]8

4 GF 1098 1519 48.02 11.0 T,C+T
(s#) [0']8

*±gii AS«jtTKI±BS«M"(7)|g$S7jt1-



6 45‘^r6]!S-ffctiC9 4 £6 (f KBS *5$

tttf 5S$( MPa ) ### if It b

o Jztzb ( GPa ) (ram)

5 CF 148.9 150.9 19.60 2.7 B
[45"]s

6 CF 134.2 135.2 20.58 2.6 B

m#) [45"]s

7 GF 156.8 167.6 12.74 5.0 B

(tfl,ffl) [45"]8

8 GF 167.6 180.3 16.66 5.2 B
(is#) [45']8

* A5t8Jt©8*J/Tt.

S7 90"*[fi]3Sfbtt«4

1 ®(f34*( MPa ) $3 If ft b ^

$# Stttdr 0 ± 6 ^ ( GPa ) (ram)

9
(idffl)

CF
[90']e

59.78 60.76 7.84 2.5 B

10
(%#)

CF
[90']8

62.72 62.72 8.82 2.3 B

li
(iaffl)

GF
[90"]s

81.34 80. 36 11.76 2.2 B

12
CS5#)

GF
[90'Js

85.26 85.26 11.76 2.1 B



8 4jSffitf

fflif5SS( MPa ) $14$ tz b

$# sstiijs; *#$(X 0 Jztzb ( GPa ) (mm)

13 CF 1029 1049 112.7 3.0 C
(i/iffl) [(r/so'/o* ] 1333 1578 130.3 13.7 C,C+D

14 GF 1215 1245 118.6 3.6 c
(S#) [0V90V0" ] 1313 1372 119.6 14.6 C,C+T

15 CF 940.8 1176 39.20 9.2 T,C+T
(tarn [o*/9o"/o* ]

16 GF 960.4 1294 46.06 10.4 T
(%#) [0V90V0" ]

* AKJ&JtT&fiB



ffitf 3$6( HP a ) Sfttsg if ft b 7* Eights

## asfiiE it b ( GPa ) (did)

17 CF:GF:CF 1303 1372 99.96 4.3 c
(jRffl) 1: 6: 1 1186 1343 75.46 23.1 C, C+T

18 CF:GF:CF 1215 1284 94.08 4.6 C, C+T
(iS#) 1: 6: 1 1186 1362 79.38 24.1 C

19 CF:GF:CF 1480 1529 122.5 3.9 C
(zftffl) 2: 4: 2 1529 1725 96.04 22.7 C

20 CF:GF:CF 1294 1343 113.7 3.9 C
(Sff) 2: 4: 2 1333 1401 97.02 19.1 C

21 CF: GF:CF 1401 1450 114.6 3.9 C
3: 2: 3 1431 1568 96.04 19.8 C,C+T

22 CF: GF:CF 1362 1411 122.5 3.9 C
(S#) 3: 2: 3 1450 1754 123.5 16.3 C,C+T

* ±KI± AgmJtTftii B &&#?);gMiTfst



mio /\-ry v 'y v -

atfi ? V -/fiM (hr)

aettE 70%#g 80%#8 85%%m 9o%#a

17
(iJUB)

CF:GF:CF
1: 6: 1

1000 — 358 0

18
( m ff )

CF:GF:CF
1: 6: 1

1000 2.5 0.7 —

19
(ifl-ffl)

CF:GF:CF
2: 4: 2

1000 0. 1 0.1 —

20
(B5#)

CF:GF:CF
2: 4: 2

1000 1000 850 —

21
(iRffl)

CF:GF:CF
3: 2: 3

1000 24 25 —

22
085#)

CF:GF:CF
3: 2: 3

1000 720 92 —

1 OF 1000 IS 0.2 —

2
(S5ff)

CF 127 — — 19



it 6"; = 0.75- p-b J'rp'

= 0.7 5 F b

ASA I PEEK T 3 00/EPOXY T800/EPOXY

8 = a + b log T § =a + b log T 3 = a+ b log T

a b a b a b

2 3'C 8.371 0.012 7.213 0. 023 9,344 0.398

6 0°C 8.179 -0.003 7.1 04 0.004 9.534 0.027

90°C 8.501 0,023 7.3 00 0.01 9 9.600 0.059

120°C — — — —

1 5 0°C — — 7.901 0.096 — —
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Prepreg

Carbon fiber

Epoxy

Ciba geigy 91 AC
Toray T300

Ciba geigy 914

Toray P305

Toray T300

Toray #2500

Volume fraction 

of fiber 6 6 % 60%

Constitution 

of laminate (0)60 (0)32

Elastic
constants v^Pa;

E-j =1 38 , E2 = 10, G-^ 2 = 3 • 6

V -] 2= ^23" ^ 1 3 = 0.35

E-j =102, £2 = 7.8, G-j 2 = 4 . 1

V •] 2 =0 * 3 4

Fracture Gj^

toughness (^/m) 1 60 250

Fracture

toughness G jq

after

moisture (N/m)

conditioning

1 70 -

8$ 2 A P C - 2 © Wt±K

Prepreg
Carbon fiber

Matrix

ICI APC-2

Hercules AS4

ICI PEEK

Volume fraction 

of fiber
62%

Constitution 

of laminate

C
O

0

Crystallinity 38%

Elastic
constants (GPa)

E •] = 1 3 4 , £2 = 8.9, G-j2 = 3-1

Fracture Gjq
toughness (N/m) 2100



m 3 X/K4'>*C0^tt© © y # x ~X U

Material Environment Fracture surface 
Threshold/Power law

Change of da/dN 
Threshold/Power law

Air 23 °C Resin Resin - -

91 4C
Water 23°C
Prior immersion Resin Resin Decrease Decrease

Water 50°C
Prior immersion Resin Interface Decrease Increase

Water 23°C
Moisture
conditioning

Interface Interface Large
increase

Large
increase

P305
Air 23T Interface Interface . -

Water 23“C
Prior immersion Interface Interface No change Increase

Fracture surface : Resin = matrix was dominant.
Interface = interracial debonding was dominant.

Region of growth rate : Threshold = Threshold region.
Power law = Power law region.
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R=0.2
50" C Water

da/dN-AG in air

in water at 23'C/

AG(N/m)

013 APC-2»MlS®50'C7.k'+''T©SiSfi!i'*Kl 

bfci§£)

APC-2. Moisture conditioning

R = 0.2 
23°C Water

da/dN-AKeq in air

in water at 50'C 
with prior immersion.

in water at 23°C 
with prior immersion

200 500 800
Energy release r etc range, AG ( N/m)
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ift'J 4 % FSSl SrSrSIffi

AMP I SEP I PMR-15 NTPQ

J&AJt ^ A MU

Hto5$g 
a b (MPa)

631 636 590 594

&#%m(N=10«) R=0.1 363 458 397 371

±@ cr„,.« (MPa)
58% 72% 68% 63^

R=0.5 — 503 486 —HF O m a x / 0 B

(^) 79% 83%

(±4 5/0/9 0) 2$

a 2

^-iiZZAFo]^^ ^ x SiiZ * kgf/mm

iiZ g; 
(EG9)

G, G Gi/G

A 4.152 126.530 .0328
B 46.700 150.514 .3103

(45/-45/0/90/45/-45/0/90)s C 138.523 146.223 .9473
t t t t T T t D 164.188 200.259 .8199
A BC D E EG E 38.645 233.645 .1654

F 60.037 118.940 .5048
G 114.993 124.480 .9238

t=0.14mm
a=1.5-»1.55mm
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O T400/AMPI (145/0/90)2S

§
! V)
: I

_E
: S
i E 
~oj <u j _M

: ca 
E 
o 104 105 106 

Number of stress cycles, N
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Number of stress cycles, N
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EE3 Fatigue strength 
M Static strength

Fatigue and static strength (MPa)
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