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performance composites) & Zdol AEE Zrol
VY8 7R 2RA 247 532 % bl Sck ol
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7F AR wel e B4E Bolehs QuEel
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3 FAolT}

w

forming 34 5&

*}EEM oo ¥ bagging systemd}

& HwA ZAlEl 7)Esgnt. vixEre
2 YgFger *}%El 4% EEY] A% 58 1t
T3] A E D o] Eo] o Q= Al 2 /1A Wt 5

=59},

2. 943 x|

FA e 7148 B4, AHEEHN AR W4 (dura-
bility) & W= maistelol 9 718, TAHA, FEA,
AR B4, a8y 3EHE oA S8 B on 1
gale] MeisiA "tk WE SPNEE AMEHE $R9

Afole gutde g 7HAT 340l 7P £83
Algo] & Zlolm 1T ZrE AME vt

5

}0

r
l-ﬂ

r;'L
r2
2y

o

1y
e rir ok
rx od o
& Ho ogi

1

b
2
fru
1
K
@
©
)
ox
s

[T = O |

‘}Em\g

FAE FA= “}°] A}
Je BX3 Fgol2H, Hd olaH, HEd A&
R3te] o ZA], Afolop|o] E, vjAdgolu| =, Fojo]
= X% 22 14T %i}xﬁio FAE dstal o
o] gst7zel S84 5 ZiEstux du.

2.1 Bx3| ZeloAE -rXI( Unsaturated Polyester)

Ex3 ZuoaE £AE 7HHo] AEstn H3FA
27A& 283817)7F wi$ golsty A g 5% A
1t}. o]= hand lay-up, SMC, spray-up, pultrusion
Y AR 7tgHH e, AU A% F HE 5
BASE 7 gol AHgHe Aottt BXE e~
B 3] (prepolymer)ell= A Al 7H4] FF7F et
AR = orthophthalic ZFE]AAE5X| 24 ©]= maleic
anhydride®} phthalic anhydrideZ glycol®} ¥FH&-AlA
dofR = FAZAM ol ThE T Ffol vldle A5
t}. Phthalic anhydrideZ isophthalic acid® wHx}3t
4217} isophthalic E&]ol ~E{¢1H] ©]& orthophthalic
ZejdaH FRET 7HE0] vl T FAE VAH B
A4S 7L o R 9 B tigte] 3 4%
HE gy Wi a4 FS a7Ee 2B B 2
FERQOE /\]-%%D]— mx|Z o g phthalic acid =&
anhydrideg FE22 o g = ZE bisphenol AZ X
3} bisphenol EE}OﬂiEi 7} =y o= 7hAo] % H
AR B g4 FEAGHEI A e oS B
A&tk AFe] AR E =E3r) 8t BYFe] adipic
acidE A7} % Q
227} FAlo ZAgich

o|& prepolymery 2xFo] £ wejoln oF 57)9]

e

i

o
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E¥3] 9 E TP E EHT Y= o] BEoy
oF 35wt% 2] styrene&xol £3sxlo] QTt}7} free radi-
cal& AFst= peroxide AEY initiatore} ole] A+
& &0 (accelerator)ol] £Jste] ZAznt-go] Sy}, &
23} Zojoll2E 29 Fhhe-& &3 2ot

‘(o o) o o 0
kil n " u i
\C\©j/c ~o-CHR o~ c\@/C No~ CHA N g o=

[e]
n
= CH—C—O—(CH2)4—07- Unsaturated ester oligomer

o o
CH=CHy g "
+ —0 \(IJH—CHZ-C—-O—(CHZ)‘—O—-
T o
Styrene i
o CH=CH,—~CH-CH,~CH-C~0
Peroxide initiator 2 277
Cobalt @ @ GH2
naphthenate (|3= ]
promoter . o
Cross-linked !
(CHy),
Polyester 1

AR 0 g Al8E = A7 312 initiatore} accelera-
tor= Z+Z} methyl ethyl keton peroxide(MEKP)%}
cobalt naphthenateo]n], 11273l2 initiator®} accel-
eratorv= Z+Z}  benzoil peroxide(BzP)$} tertiary
amineo|t}. BzP: accelerator7} glo] A}&E7|% 3§}
o, BzP9 MEKPo| t3t accelerator= A2 ul&E
gitk. o] o= B2 accelerator®} initiator”7} 71k o]
@ﬂé}g_g} AT E e o)A 2AEE 4 Qut.

EX 3|9l styrene A7} ﬁi}
ste 02X A FATZE YA "t o
< B

$ FAY WYGl7] R xﬂ

S} ol wiet £ WA

O
g Has) Ausiel Bgagel ;4%%@% ere
F vk 2 BeelaH SAE ARGl F20]
B37} BE 5-8% HE BAshs Zo] 2 BHoR X|

AHxlo] g}, o))l shrinkage: internal stress& of
ZIAZIL ole A= AR £X9 HEE S FAAFA
He Holth 013 =587 A3t filler& H71s AL
G7AA A dE 9] polyvinylacetate (PVAc)E
< #H718le] shrinkageE FH43SIA7)1X|T ]2 3 H7HE
2 23 Ao AF E490 9FS vHA "o Gurd
22 EFoAEH A= brittledst] &zie] AJEo] o %
oksithe 2 S HAF1 ).
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2.2 H[HOYAE] £=X|(Vinyl Ester)

B A= B33} vinyl alcohol Z2)olAE F3|
ofMe] glycol thal RRAOE Agste] o=
styrene2#|$} peroxide$} cobalt & Z+Zt initiator&}
accelerator 2 AF23ith= Ho| B3 Zojo A X4
o vhg fA1E whol BhgelAl & & QUsel Bt 7
Zol A AFA £ FARRE g Holil

R’ O OH OH B
R"—CH= CP‘ C (o4 CHZ—CH CHy~R~ CHZCH CHy~0— C C CHR"
N r— ——

Vinyl ester Vinyl ester

CH=CH,
+
Peroxide initiator

Cobalt naphthenate

RO OH oH o
R"—CH-EH-C OCHz-CH CHy—R- CHZ—-CH CHy-0- e~ CHRCHA'
t |
CH—CH,y—CH=CHy~CH-CHy~CH-R" CH- CHy~
R'-CH

g-o
Crosslinked vinyl ester O
e

Hldo| AE] $X|= isophthalic ZFZojo|AE 2| BT

ok = uf o)A 7HHo] v wiH fEE $13HEZ] tig
Agedo] L4t 204 Bt HYSItHe FAe] Q)
ot B3l ZEdd~Ee Hol 4ol 2-3%<0 Hhdel
Hidol A £ ¢F 6% 2317 wiFel toughness
7t 453 £t A/t £A9 Zqile:"’] T4 £
oJt}. o] FA)of| it AAZH S-S e FuEAE
£ Zzshy) vign} 580

2.3 H= £=X|(Phenolic)

HE 72 Gyt R ugE4o] &dd =53
A=ZH e ZAH E4el
thermo-oxidative stability7} 9423t 42|o]r}, 10~1
Zo] H3lE ¥ Ad4de £5 % ablation S40] ¢
siba 4R UAn. dlE oA AslEEA $X)e
Holl gha S ghgo] ATt IARse AE Yol
AES FA7] WEo A4 E=F JAA7IH uelbA
54 7hed] BAE AASHA He Relth. o3 &

4 wo) AZEY wgolt F37) Ul BEol A
= AR BN s 17 Bol AHEH Y
T I P

AH T $A7} Y13k} AT BAE) w2 olE o
A7) 93 5L Aol AAFHAA Bsim of 714
£ 2T Wl 73S FAE BTk 18T 4

OH

2|7} 7#HEstHA APgs] 28D E microcracke] B3
A SolA] FF AR}, o]83 7) L3 microcracke &
g 7AIR BEAE T2ATE F 99le] Ha gt

2.4 o EA| £X|(Epoxy)

ol EA X FAA, ZH, 2T T2 & s
of$- Tekst S5 AHEEE FREHN VAR AT
2 glatE ol g e Sol B-gg Fxojr} A
T TRES HIES 14% EEA R AHeH
219] 90% o4& AAFe ) F9F e B
It}. el ZA] 4°2)= epoxide ZFE 270 ol EF
g Thke SRES FTEAH R e ddFoR
de] Alex=  diglycidyl ether of bis-phenol A
(DGEBA)= bis-phenol A%} epichlorohydring
NaOH ZufioA 9h-gA1A A ==t DGEBAS] 33

ZE= o3 oo A4 DGEGAY 72 $d A
o] 40008 Yx ¥E= =A3ty YrH1(Scheme 1).

Epoxide 280] A 7] = ] 7R X" triglycidyl
ether == tetraglycidyl ether A%2] o8 71X wil%
4 ERAEE o EA FA7L AP AEES e

e 4w > °lﬂ
N ol Hm

*

O

a3 @o]l 4R Ciba GeigyAke] MY 720, z28la
Shell2le] HPT 1071 olZA) $:7le] sitbpze bt
2.
O 0
CHo-CH CHz cnzcn cuz

on-Qrem<0p

N, N’ tetraglycidyl methylene
dianiline MY 720

CH; CHCHz \CH2CH CHZ

o]

CHy-CH-CHp
CHy -CH-CH, ™
N/

o
CH, CHy
_@_ _@_ _CHy- cu cu,
eHy S, ~CH, - ca/cn,
EPON HPT™ resin 1071 ]

olFA i o FA] £X7 ALHE A
2%, modulus, toughness, 2121 hot/we
= A7 B48A7 A & £ U
toughness& Z7FA170 ol FA] FX)of gk
of 9 HAsle] TieFdt ATV A s
2 ol FA FolA olu] AL3iEo] 1A
GG AHEEHI e dFA #x9 tough
ness§ F7HAIX ol EA] £321e] ABHH vendorE
HeF3m gl

>
-

o?.: r(o
it

ko
lr kﬂ 4
M s 7l 24 offf ol

O

CH, cH,

O | ] | O

GH—CH—CH,— .—-o—©—c|:—©—o-—cx,—cx-x——cm— —o—@—-cl:—@—-o—cx,——cu-m&
CH, n CH,

Scheme 1.
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H 1. Thermoset Prepreg Resin Choices (Epoxy and Polyim-
ide)

Matrix Resin Resin Type Available Thermal ‘ Remarks
(Vendor) ’ Material Forms Stability
Unitape Various
934(Fiberite) fabris Prepreg + Best overall
_ tow{Carbon, 250°F Dry
5208(Narmco) Epoxy Jass. Kevl 180 Wet structural
3501-6(Hercules) glass, Bevar, characteristics
boron & ceramic
fibers}
3502(Heroules) + mproved
8551-7A(Hercules) .
8552(Hercules) . Unitape . foughness
RE376(Chb Geigy) Toughened | Various Fabrics | >200°F Dry |+ Lower
. Epoxy (Carbon & 180°F Wet | hot/wet
977-2(Fiberite) .
HPT 1071/1062 glas fibers) performance than
(Shell standard epoxy
gsso(())_(;{exel) ‘Umtape ‘ + More brittle
(BASF/Narmco) Bismalemicd Various Fabrics |250-450°F Dry| than epoxy
_ (Carbon & glass 1250-300°F Wet|» Microcrack on
SUSC (BMD) fibers) thermal cycles
(BASF/Narmeo)
Unitape
V398(U.S.Poly) Various fabrics
F655(Hexel) Toughened | Prepreg tow  |250-450°F Dry |« Better damage
5250-4 BMI (Carbon, glass, 1250-350°F Wet| tolerance
(BASF/Narmco) quartz & ceramic
fibers)
Unitape
thdR.-15 Polymice Fabric Powder 00507 | Difficult to
(Various) impregnated process
tow & tape

x5S A7
1275}

g ol weh |EA] R ARL
4B DA HEE JAPATI=
FA 82 We 4 Y=, aliphatic amine #A%o] 42

3318 AgA=E AMEEY aromatic amined}

polyanhydride AlEe] L2H3-E Z3Az A&d0).

Bopige wawgolT B3 Talo AEAY wl

FAG WS ohr). o BA| Fx)2) Hu AL LEE

A2 FElAe| 2% (glass transition temperature)

olste] AR o] fElHol LEL 4|9 Az

ool et AYHG. ALAHE AT B9

ol fEHo] 257} 40~50To| DR AHELE A 4

B2o] Z3E, tetraglycidyl ether#d]E2] of F4)

£ Agwtge] 170C~180CoAA FHHDE ol

FeElde| =g st i AHE2Ert 150T

A "Hrhe A& € F Uk B9 wEAE

g BPAEE AIdREEO O =& XA

aging& A7le $43 #HE AXA 2 AHE &EE

=2 & ot T2y ol2id A5k oEA} £X)9]

toughness& ZAA7|7|% et AZA] £A7F B& F

ol 71714 490l 2tk AW ofv] Hald vt

Nem fEolRE A £ Fol st B

E o rir

&H

OE&E—QF}O_,OIO
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ot wEhA o FA] 29 A AR 2EE
Holx 248 feldolws} opizt £EE
oA E4E feldolxedl 2sie

= 7-] 0 ol— 011;}.

2.5 I"%’E{IOIDIE(BismaIeimide) £=X|

& T He 745}% el Al
oA FHI AFE2E7} 230°Col S2Els @Fo s 9F
A%t Xx]ojt}t. BMI ©@&Fd= aromatic & aliphatic
diamine® maleic anhydrideE w2 AAHA] QA F =)
o] diamine9] ZFRol| uwizt X9 EAe] wepxint.
BMI9] 7ZgubgL olFflolA & 4 %] diamineo]
BMI ©ae] o]EZE Alelo] Hoj7k=  Michael
addition ¥ BMI wefaje] o]FA&7e] Agsts
free radical polymerizationo] @&H o g dojutrtyn

2 A ek

0 0, e
\ 7~ N
—R'—NHz +§ N—R— —R=—N +! N—R—
( P
o [of ©
. H
e °,
i N=—R— —R N/\‘ (o)
—RoN— /
H o o .\/‘h—k— ETC

o] AEMES-LS A FA] $R)9F 2 25 350°Fo)A] Al
710 °F 100 psi®] YHE ALSRnt Y 3 gekdew
425~475°Foll Al A3} A7t 1 Bt B A K19
Ho] ZA WAEG7)= S} oJ-35] fracture toughness
7 #A gtk ol A¥En flew o] 4o
chemorheological 544} 9= A] prepregE Eslo] B3
A7} A zE ook she FAIE AW L 7% sith. B3R
F9} fracture toughnessZ& Z7x1717] {5t o8] A7}
A2 FFAFN7IE 8FR|TE cross-ply B350 A=
internal stressol ¢]3}od microcracko] Ex 2 Shc},

2.6 Aloldo|E: £=X|(Cyanate Ester or Triaziﬁe)

Cyanate ester £X= theoA] 2 4 ¢l ui9} go]
-0-C=N 15& ¥3sl= bisphenol AlZ2] cyanate
GHFAZRE oA, ol 7
zation 8F&-& FESIH BEA O F triazine ringe] §
AF prepolymers dA HH, olF v& g
bisphenol &3 triazine ringe] ArAE A==
polycyanurate 33+ BAT2E A T Slo|oh.14~16

o] A% GUYUARE o] FAX ringE P43 3l

w

o

A3dled cyclotrimeri-
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C"’ CURING VIA
»ec-o@ O CYCLOTRIMERIZATION
DICYANATE ‘VIONOMER
% | 2 ~ ~
i E 4 O.C,N: k) &
O~‘°‘5 : ‘33.0 4, :
QO :
7
l::’"*‘e: MEAT o
oo ¥y
* LGy S
It g \0‘0 N & A, 2l
e C’° . e o PY
a2 " -
593 N. N o A
CHE
a 3
5 R
g * !
PREPOLYMER RESIN THERMOSET PLASTIC

(Polycyanurate)

A T,7} 250-290°Coll 2ot whael], 67%01 sigsle
-0- 233 A o2 B2 crosslinking density W&
o} toughness”} epoxyol Bldle] =& Aoy deyA ¢
oh. w4 dipolee] IR o] Tl B 2
PAZ cyanate FX|= S 22 dielectric lossgk
HolEnh o]#3 EAJog <l8led printed circuit
board, &F-& %%, RF/microwave telecommunic-

lo rlo

ation switch, radar and military IC package 5 H=x}

2 SEHHAE 87 e S viE@ A $xjo|n).
2.7 &z2lo|o|E £=X|(Polyimide)
ZE2]ol|=E4X]= aromatic heterocyclic imide 71&&
= FAEA @A A EHs 3 F 7P 2004 o]
2 F A FAth o] A= A A VK2 EF
? e olv] e addition-typeo] Zsuhg-

= BMI7} 2% &hvtoln) NASAO)A 7iars poly
merization of monomeric reactants (PMR) Zzlo]n]
=91 PMRolehs 558 +X7} glon] nxstoz
condensation-type Ez]oju]j=7} glct. BMI 43|= o]
o} 7)&% ukel 2, ZEolni=e) TAA oS He
SEstnzt /g 4271 £9) PMRoz &4#A 3|
o]t} 1718 o)== NASA Lewis Research Centero]A
19761 AEslo] 2% FRRH o BelA o & S
o] o] monomeric reactantsE 21 BFSA1A A31A
714 =tk PMR4R £ 7V wEdoz ApgHe
PMR-15& $4%}= monomer= monomethyl ester of
5-norbornene-2,3-dicarboxylic acid, dimethyl ester of

f s ofo N?i

3,3",4,4"-benzophenone tetracarboxylic acid =281
4,4’ -methylene dianilineo] ™ o] & methanolo]}

[¢]
I

p CWICSaCTTCES T

ethanolol] 23iAIZ] EHE A-Go AT o] A
9Ae] €733 AHE Tl FIATh & 50~120
T EANE AASIL, 205 CAHAA norbornene 128
D72 == imidization®h8-& A)71A] =W, 275~
350C 2HelA addition-type ¥F2<Ql reverse Diels-
Alder ¥Fg-& fxate HFHIE Al7|A Hoh Hsie
PMR-159] 3}8+1%= Scheme 29} Zt}.

PMR-15& 260C7HA 71AH EAol 74 ¢
o 320C7HA] Abgel Zhssivta A Q. 53
PMR-15& H2dME wEe osted 7Ad B4l a2
Al 248K %= EAT condensation-type Zzjo]m)

Hjste] Eekxlg FAo) IA AL=HATE AE u
2ol We 88WAT HATT Aok

upx]9ko 2 condensation-type®] A4S AHRH &
A whe ke ER7L AAREel ey wwHow
aromatic tetracarboxylic dianhydride®} aromatic di-
amineS AE ¥9FLA|A polyamic acidE TEA HI
¢]& N-methylpyrrolidone (NMP)3} 22 aprotic &
Aol gHAIZITE BE o] fAg HR{Zo) AT
o] & €73 A|7]H amic acid7} cyclizationEHA &
217} 935l imide ringe] A% = AHolth. Condensa-
tion-type Z#]olu|t BIAPE L AR FTHo] vf$ ofF

RO 2 gt ol Hshgo] dojd u) £x)9}
o] 7188HA =7] uwjZolw o] YA E HA Fetol
29 WHom AANFA RoiE BRaae) Yl
31842 Ui 7138 BEA Bk,

B3 HYAEol AP TR, FIHA, tough
ness 5 & ZF1 = AL Du PontAlofA] 73t
459 AVIMID Nolgha Algsle] o7\x azjstnzt
FTE19~2 o] 4% NR 150B28ts 432 wx @8
A S =l 2,2-bis(37,4"-dicarboxyphenyl) hexa-
fluoropropane (6FTA)ZE 7|22 &lx glow AR

i e r-lo

0 0
i CF, 1
C I C
e = C ~
—+—N ‘ | N—-Ar—~
N CF, c”
I i
(@] @]
L dp

o=n =0

Scheme 2. PMR-15
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Fo pFxALe o3 gt

AVIMID N& "dZo2 o< oF&3 aromatic ring
o2xt 94 5e] Q)1 branchingo]t} crosslinkingo] €}
€ BT ofyz} wdv)o) whgAde] HE Qiv] wWBo) 1
3 Aol mh$ ot Atk w3 AVIMID
N& g& Egelv= £x)7} ¢tz = FHA tough
ness& A F7}X7] $X)o]7]1= &}t}. Condensation-
type FA= 2 FAHO AER 7HHe] wiMx|T
thermo-oxidative 9Fg§4o] BMIL} PMR <xjo) H]a}
o Y33 53] WRol o] FAjmle] A LE 4 Y=
=535 9d90] gle Aol

3. X2} MF2| ZEH (Prepreg)

AellA AFE thFe A £S5 BgAge] 4
3 so77] Aol HEF H3deo 2EH 4Y
o H¥e FDAL] FEIE A F}. o] F7 vA=
BAE T2ES dA0M BRE sh= 9B Q= &
Aol 447e AFeta, thEA DAoA FHE o
A7) VY E XIS H3led e Aot o
B3RS SRS AR I Sl e} dopgl =7t
A7 HEAAA HEn ol wgo] WiEts] ujgo
2AME 1Y% EFAEY YA 71 wol AL
=g ng oo Bl FHHOZ AFua} gyl

ZZH g AR YYde Ha $x9 &4
o] wa} solvent impregnation W3 hot-melt im-
pregnation o] St I8 10141 o] FHEL et
Hog ¥ % ok § 3 TEE 447 meltdny
oflAl Atel =L} ol H FAe] LoiE AbE oA
FAE =1k Rololl A 7]QIg}. Hot-melt FA M=
nip roller AlojofA] 8§H FAE HfSo) Yol Yo
™, solvent FAellAe AFE Rz @7 427} &
FH=F gt} #27 &Y oy as A3 e
oA AP AZtEt MEH FHolx AFE B-stage
o] 7R As7t FELE o] FHL X9 dHE
=9 ok 2%, AL, AsAH, 429
chemorheologcal 54 5 uj$ B2 ¥y} 23tdom
Bt Folh.

zZ| =z oo 8 AR Fx9] ol B =
e oloptt 2 E] Ao YA B8} BA T8lm
B4E FES ASF 4 Yok £ =) my g0 23
A A B8t 498 APHo] oot gt Hds)
Ao mE|xHage] 4AE AEH AU /A S
er olg Tz 35 ALRE w) lay-up FRo)A]
BolatA TS & F Jon FAEAY wojd )
ZHZF 20 £4E 2L T Y= Aot gty =y

AV

e re
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Cold
Roll
a
i
|
]
Oven j 1‘
[
! ] Poly
Tension- ‘_,‘ ‘ Tension Unwind
Rolls I Rolls 9
Fabric g 3 [C————j i
Unwind A 4 . Metering 2 °\
:i‘fﬁ_——u :\:—\:L_{ Rolls \/,%
L~ Zdpip %",
Reservoi . \ Prepreg
rvoir Tank N Windup
Pump Poly
Unwind
(a)
O O Doctor
Creel ~ ~ Plate 1 Paper
@/\ Comb D Take-up
Resi O E (>
/ C Bat;\n / & @
(O / Paper =
/ Unwind
Impregnation
Zone Prepreg
Roll
OO0 A~
__ =
Chill =74
Plate

(b)

A% 1. Schematic  diagrams of (a) solution-impregnation
prepreger and (b) hot-melt prepreger.

Ze e BRAE Al WAF w9l Loy

WEol WY Ax YL AASHE Aol Fra, 4
A £ FE YUFFIH 279 tag 4
drapability 42g HEsb YL glojo} @}, e
=21 ARAEE 2 the 2L A Bz 3R

t}.
(1) A-stage:TX|7} moly =) BT La)9}
HEsH A 832 = Ye A3 27 Aug 138
™ resolojzty BV 3}

(2) B-stage! 257} &EPbH $27} softs) <ALt
oot HESH FEolo= AEEN A-stagedt=
2] 32AY 4A LEAE Y= 7 A wAH
2 5 3t} Bl mebs ALolA $2)71 vitrifyE)
o e1A O] o4 At IWER] ok AlEjetn A
I AT olzfd Hol= Aol oujst= B-
stagefh= AL Qg = Yt YuiR oz A@E=
2HEE =R EH 2 £ HZ A So] RE o] Aol
resitole] 2} E2]7| % diot.

(3) C-stage: 43P} 98] 5o} Lxo] 9j}od
=AU §Alel %2 g NS XA resitet}t 2
A7) S,

A =2 xy 9] B-stage:= A-$} C-stage Aol
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rectional tapeHrt} WolXlth., 7}Ao| unidirectional
tapeRth ZH3}r] wjEo] 53] &F7|9 secondary
structureo]] tJ+s| Zo] AlRE= gy o).

4. H|Z=ZX(Autoclave Process)

ERARY ArFHLe FREY WM A
FE9 g9 ol wEh Wl ok
&t IRl AFdE B3 34 Jide] EAlelx ‘I%"d
flo] XM= 1 Ut ‘ﬂ"éﬂ AH BA BaoA o] B
€ 52AETHE AFE 5 vl g ?‘E%J A
zoll 71 gol AMgEI 3lon oW Bkl g AxFA
Hoh 953 BEHUASE gH oz Agad = Quin &
#HA e 340 Bl 7|gstuzt gyl

4.1 Bagging System

Autoclave FH& FT8st7] gt oln] 7wt Hl
NE TP ZTHIE 2FT 4 oA GBS Yx)of @
BAFI ol 8 H3AI717] e bagginge] Fgsleh. 1
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AME7t Besiths 2S¢+ At Baggmgfﬂ] A9%
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bleeder plies, release film, peel ply, dam, caul plate
AH] o] &L prepregt YT T SlollA] Fgshe
ot 27 5P e FHSHA laminated A%

T A

@ oft oft

F

Release fllm 1 0] FEL Jaminate”’} toole] EHo|
2Etee AL WAS7] Aste] AP bleedero}
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bleeder® E3}3}ed breather2 FIAHE= AL §LAHO
2 o] Aol HRIEs| widl o] & wA|Elr] Ys)

3
=

DX nEtn 7] A6 ¥ 55 19959 10¥

¥ 2. Various Forms of Thermoset-Resin Prepereg

Forms Advantages Disadvantages
Poor drapability
. Maximum structural prop- (Possible fiber misalign-
Uni-Tape . L

erty Design flexibility ment
Highly anisotropic
Property loss due to fiber

Good drapability crimp

Woven Fabries Width limitation

Less design flexibility

Reduced lay-up cost

Pre-plied fabrics |Reduced lay-up costs Loss of design flexibility
Stitched  fabrics | Exceptional fiber stability |Weight penalty
Pre-forms Z-directional  reinforcement |Increased cost

~

! ; e Vent line

_ﬁ o ——Vaouum port

== T\ Nylon bagging

i film

i Breather ply

i Caul plate

’ (if required)
Bleeder ply-
(if required)

peel ply
{if required)

Laminate
Peel ply
(if required)
"~ Edge dam
=
X7\~ Edge tape

1 . =~ Tool

’\

Release agenl applied
to these surfaces

@ 2. Schematic showing sequence of a typical bagging

system.

o] release film& ARE-8H= Zo|th. o] release filmolle
718& 71 73 7]Fe] fle A AlE Al R1e] A3
= JlAv wrlEle A oﬂ‘~ 7]1 A= release

fimg AHgor st g AR el Selsit.
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FEolth. Peel plys ZE]Z#|19] FHo) AFH Bol=

BEH 49 582 A Yot s e A%

3] AAshs 9EE FHSIE 315 FAlo] laminate2]
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bleeding A)7l= WPH & edge bleed9} vertical bleed«]
F 74X WS ALg3ich Edge bleedol M= Y2
o] 71k (edge)oﬂ bleeder plyE 93] ]7]01 B =
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7% AHgRet. Vertical bleed ¥ @) a0
2 AREE ¥y oEy =z ad 2349 71AE o
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4.2 Autoclave Forming
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1%l 3. Autoclave and curing part arrangement.
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1% 4. Typical autoclave cure cycle of thermoset composites.
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5. 243 SEilge 83 My

BE Jo|u)7} 4% o|F 712, Kevlar 529 Toln)
P 2e]3 $es GAESA £X19 R sy
AR BERAEE 24 SRR FEUS) AR
FEAG vlEle] Atkd ZA A4 FAE 9L
| 7ol F3718 BES L 234 v g
o v E AAje) 71 Hol BT FAHUE D quality as-
suranceol] =i H]-& o] o} A9 H)7E (specif-
ic strength) % u|gk4] (specific modulus)o] $-4=5}1
TEZES UEHAE Utk AoS ZE i 23
ANgo] §gol Z4E susn e Holtk. E 38 L-
1011 &¥719 aileron®} fing 2&3 BEgRig=z A=
S WE s B vlad Aoltl. BRNES A1
e Aol FH oF 30% oA, 1
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o
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b5y

b b
K off
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Carbun
seas Kevlar
Carbon/Keviar

Fixed Trailing-
Edge Panels

wing lo
Body
Faring

Main Landing
Gear Doors
Graphite/Keviar

Nose Gear Doors Engine
Cowlings

Graphite/Fiberglass

3@ 5. Thermoset composite parts used in Boeing 767 airplane.

LEADED 7l A 65 F 199549 109

Fin Fixed
Trailing-
Edge Panels

Strut Fwd
and Al
Fairings

E 3. Comparison of Composite Aileron and Vertical Fin to
Aluminum Counterparts(1.-1011)

Inboard Aileron Vertical Fin Box

Aluminum J Composite | Aluminum | Composite
Weight(1b) 141 104 858 623
No. of ribs 18 10 21 15
No. of parts 398 205 714 229

No. of fasteners| 5253 2574 40800 10150
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A et dE Eol HZo /eE Boeing 777 ojub

Rudder
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inboard
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Trailing-Edge
Wedge
—+— Qutboard
Ailerons
Outboard
Spoiters

Trailing-Edge
Flap Support
Fairing Kevlar
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¥ 4. Target Properties of Neat Resin for Aircraft Application

Property Minimum Desired Typical
Epoxy
Tensile strength(MPa) 70 >100 —
Tensile modulus(GPa) 2 >3 3.8
Ultimate strain(% ) 5 >10 1-2
Ultimate straing( %) 3 >3.0-5.0 0.1
Glass Transition 121 177 121
Temperaure(C)
ivalent
Solvent resistance — Fquivalen Excellent
to Epoxy
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