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1. PMC A 2374 V. C/C composite #2273

. MMC #2357 7}. Liquid impregnation

V. CMC A=374 . CVDH

7t - s OMC Al =33 V.2 &

LA &

FETFELE AHEEE %Hﬁ%%:$%%a«¢%ﬂépmc@mwmr
Matrix Composwe)% 3t MMC{(Metal Matrix Composite),

CMC(Ceramic Matrix Composite), C/C(Carbon/Carbon)} composite 522
s ok

PMC®) Ze 2% #2 Carbon, Kevlar, Glass, Boron 4-4-5¢] ¢lom 47
A BARE 7FE de] AlESle EpoxyE HlE3+ Bismaleimide, Polyimide
5ol 2laz, A9 AHAHEAEE $sted Polyetheretherketone(PEEK) 7 2-& 97}
SAPAE AMSE 1 T ZRANA AR gE SR S0 v
&, e Ee 7R Ao Feta 78 25T Apdg g £ iR e v
259 F779 A§-2 T Lightning Strikedl] 9] &+ £4to] 91& $glow H47)
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Aircraft ] Composite Appl;caﬂons
F-14 ' B/Ep Horizontal tail skin
" B/Ep Horizontal tail skin
1~~15 B/Ep Vertical tail skin
) Gr/Ep Speed brake
Gr/Ep Horizontal tail skin
F-16 . Gr/Ep Vertical tail skin
A Gr/Ep Control surfaces
Gr/Ep Wing skin
Gr/Ep . Horizontal tail skin
IF/A-18 Gr/FEp © Vertical tail skin
Gr/Ep Contrel surfaces. speed brake
Gr/Ep Dorsal cover. avionics bay doo;:
Gr/Ep - Wing skin and substructure
AV-SB Gr/Ep Horizontal tail skin
Gr/Ep Forward fuselage
Gr/lip Control surfaces
Bocing 757 & 767 Gr/Ep | }o‘n‘?rol surfaces ' |
Ar-Gr/Ep Fairings, undercarriage doors, cowlings
Lear Fan 2100 G1/Ep “Almost all” of structure

MMCE =& 8%, el 838t v $48 12 A5 CreepSA 2 o
EHLGES 7R ER AT, rlAlL oG H e FE

Jet engine fan blade®} Z-& 31 FZ& Sl A}EE 1 ATHE-2).
C/C composite® M-% EL 25(1930~2760C)olM & 7rxg 2|4 by
AL 7R Ao E5H0 Astn nlEAe] 3t ggr]|4 EBgola
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Rocket nozzle, Nose cone, Jet engine turbine wheel, 2114 434 o A&
3 itk (2E-1)2 33714 C/C composite brake systeme 2o F2 A},
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Bz Az

Fiber Matrix Potential Applications
Aluminum Satellite, missile, and helicopter
Carbon Magnesium Space and satellite structures
Copper Electrical contacts and bearings
Aluminum Compressor blades and
structural supports
Boron . .
Magnesium Antenna structures
Titanium Jet engine fan blades
Aluminum Jet engine fan blades
i Tilanium High-temperature structures and
Borsic
fan blades
Magnesium Helicopter transmission structures
Aluminum High-temperature structures
Titaium High-temperature structures
Silicon Carbide ‘g P )
Superalloy High-temperature engine components |
{Co~based)
Molybdenum Superalloy High-temperature engine components
Tungsten Superalloy High-temperature engine components

(A8-1) C/C composite break system 7=

C/C composite

(=
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ol

CMCE AR, A7, 34 dAT $543 GFAES 124 =,
WAk & 7EA ™ MMCRTE nlxf Rt de] $-3dk F-16, space
shuttle. B747-400, A3205¢] Brake system¥ Patriot missile®] Radome,
rotor 5ol AREE 2 3Ivh

I[. PMCe] #|z=24

ne

Z ol nEA BEAR A2THA 236 2= 22 A8 Tools A
82 Hand Lay-up®lYt Laying machined ©}&% Lay-up #3 & AA
Vacuum bagging system2 2§ F, Fo{A #olZol wle} partE A
o Azt part® Avkeln Azt E AM 2YPTe RN BE IFEAE
vl A A2 E-2).

(a2l-2) EX S5HE MEZE9 flow chart

|
I I
: :
! Batch . !
t s Layu g I
! acceptance | : v up Bagging !
| o :
! Material ! : !
! specification ! : :
! ! ! |

{

: J } Process specification :
"""" i l
1 {
| |
| |
[ |
i |
i |
|
Assembly : Inspect Cure !
f |
i §
| |
| |

PMCe 7ZaAzs A4 95, Woven Fabric, Tape, Mats Z} /2
2 vk el 7 o glon Agohtel #2794 2oks vhaksieh. Bale] 72 S
27 97 84 (Thermoset) 42 ¢ @7+44 (Thermoplastic) TA & W& & U
b 347 2] ¥ vt 2



FELFE 42

N5 A Z2FH

= & LdstH AUy

shetilg At e,

7Ages 1y 121t~204¢C 260C~427¢C

3% AL 3~T7 Azt 304 ol3t

A= L) =0

L7EE ¢E 50~100 psi 200 psi ©]7¢

%@ Batch ‘ . Batch =& continuous process
| Scrap =& ot i ./‘H/‘}-Q- 7k

ozt Yote EPA S wet 2o AaA £5% € 548 Hdske =
SHA B3] Mesteior @t AEe] FA T AT toole] AH
atet. Tool®) WA, €347, A4 S wet toold] A2 Aestn
Aol 33 2718 12l dte] Male =5 Female tool system =83l o} o},

Lay-upe F2¢<l Hand Lay-up ¥y} Automatic Lay-up %
gtk 74 @@ Hand Lay-up W< Prepregs vl 4&o s 71‘%/’*]94‘#
3k Sharp corner lay-upAl 713\t F8 (wrinkle)# Z-& ZAgo] A7]7]
+I.2 Rubbing tool& AHE3ME & At Mg Felr7t Basdict o
2} RollerE A48 DebulkingS Sted Entrapped airS A/ A3, 38
o] & Hand Lay-up &4 54& =34 20},

e = 4
Tape Jontours easy, High trim scrappage, Many butt splices required
Fabric Contours easy, Less labor intensive,

Fewer splices required, Lower properties than tape

Knits Pre-plied in 45" or 0°/90° plies, Less labor intensive than tape,
Reduced quality assurance inspection, Reduced trim scrappage

Part®] #ej7} Ao AV @+d FHY ¥ Tape-laying machines ©[-§
& Debulking ©] S7HA Zop 2 A7in] A A4 el 7Heshd,
2|87 171R1 B & afstedof gt

Part®] #7d°] Rocket motor case?t #-& 954 729 F/W(Filament wind-
ing) WHO B Lay-up & & 9tk <3-%‘—3>3’—} Zo] A% H-/FE°] Resin
bath® Fx38ld Mandrelel ZAARAAN AFEe] $29 37 Lay-up @t
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F/We| 7]1842] Pattern< Helical winding, Orbital winding, Poler wind-
ing, Whirling winding §°! g2 3%+ 2Z e Mandrel 2%, Heating %
¥, Resin bath €%} Winding?l Prepreg tow® &%, Mandrel spin X%,
Winding Zt%., Resin/Prepreg shelf life 50} 9th. 34 ¢ A& F&E L part
o] FRGFHo| Y 7[F gl dgE vt AEE FHOE & B FY
F2E 7 part® €2 7 Avhe Aol e v part 4 AFS
FRio] AdH 2|4 FFAF 2Ho] YErhs ©H S MR 2 Aok

re
r

uﬁi

(38-3) Filament winding 38

MACHINE DRIVE

RESIN BATH
FILAMENT FEED

HOOP WINDINGS
MANDREL

HELICAL
WINDINGS
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< Hot press

e Ll =

At 43k 3F& 34 systemo] HRF
Tool2] €H3HA g0 L7,

e 73&ha)7ke) Ha gt

Autoclaveol] B]#j v] §o] HZ

Oven Autoclave] 8]8)] ZA3}A]7te] F-E
w=e] 2771 AE

78R 7ho] ol B

Press forming Part] 4= 23 o] 42

T2 Net shape partell 483

Autoclave
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Autoclave F8IAM 2185 = Y942 Bagging system< (Z&-4)e] vfeh]
P

(18-4) Bagging system

Vent line

—

Vacuwn port.

Nylon bagging
film

Breather ply
Cautl plate
{il required)
Bleeder ply
{il required)
Peel ply

(if required)
Laminate
Pect ply

(if required)

Bdge dam
Edge tape

\ > ’* Tool

\ Release agent applied

to these surfaces

Release film-S composite part7} toolol F2EX] EEZ 317] 9 sted AL&-5
o, Peel plyv composited] ¥ JelE 2dab=d] AH2Eth Mat 9
Bleedere #9499 A& F53tn LA £ AW = A E9FE 4dL
gt 8FE Prepreg® $AEH o] 7}53sled Non-bleed systemo] Eel
AHEE 32 9T}, Caul plate part TH ol #U3 48 -€ 7k6t7] 5t Al&8te
dl BR8] Wrinkleolvt &3 % Fel & WA st7] 98] Elastomeric caul plate
E AMES7|x 3t} Fiber glasstt €12 Fabrice.2 wtEo]z= Breathers
Vacuum pressureS SLF F4HA17| 22 AR HLAH LS AAG = 229ES
Zrt. Dam& 7238 parte] Folo H|3 2712 7HAoF 310 2344 Vacuum
bag?ll 23] Parte] Edge®¥-°] Roundinggtd e 2L 228}, Vacuum bag
£ ¥3]-8<l Nylon film bag¥ Elastomeric bag®} 2-& Reusable bage] $1.2.9
ZUA] Pin holeo] X717 @A F9slm, Bagel A7 F80|] partol] 48

Z 7 7] WEol FAA & HFojok it
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Ragging &% ¥ Autoclave Wollx o1z Asite] 2o wel partE B 5H
1t} (aE-5Yel (c18-6Yol Autoclave AXE=9t ghe HFue] dvtz 1-
step @l E2 el it

(25 Autoclave?| 2%

VACUUM MONITOR VACTO
TO BAG @ PART

AUTOCLAVE T/C

HEATER/

DOOR COOLER

BLOWER

i‘*‘ 120-135 MINUTES "[
t 350°

PRESSURE 100+ 15PSI

100 —

[
FOR LAMINATES o
[£23
PRESSURE =
(PSD) g
PRESSURE 45 £ 5PSI %
FOR HONEYCOMB =
&5
20 b &
VACUUM
TIME(MINUTES)

A= AR AR Slatod 3] AN E ol & part®] 2%, ¥, Conduct-
ance # 5& 3t AL EAg AzRe AT A8E A8 oA 3
ol Eel o8l A7 Az A 5~10 ply A vlE] A7 Debulking



FEErE AR A2 1

A2 sh71= gk Part?] ¥4 wal 538 tool S AHET 4 glom Spare)
B¥ %-7)3’—} 2| Elastomeric toolS ©|-83l4 part& 7% sHA1 71T},
(22-7) Elastomeric tooling®| 25t spar2| M=3H
Vacuum bags
Fixture located -
female dies
Web laminates
6-"? E\’//L a 7
Silicone rubber /
/ sheli molds Stong back
removed
Removab'e Assembly curving Assembly curing
sirong backs too) at room tool at 350°F
(foam & fiberglass) temperature curing temperature

Thermoforming ¥-& G} press 4 714 AsA71E Moz 538 84
< A NFUR JPE = dn o] o A B4L vlus "oz},
Thermoforming®ll= Matched die forming. Rubber forming, Comptression mold-
ing 5°l Itk (28-8)-& HEA 2 Compression molding B4 =& BoF1 it}

(22!-8) Compression molding

- Platen
| FT | Mold cavity
Heat and V 1] s
cooling -+ / Guide pins
' L1
Moudling material:
#Molding compound
/ *Prepreg
Heatand §__{ oDy fabric with resin
cooling — \ —_ or adhesive filim
[ \\\ | [~ Mold plunger
=)
P
[ Platen
Hydraulic | | | Hydraulic
pressure | [T | plunger
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AL ggE B 82748 Y8l RTM(Resin Transfer Molding) W8 & o] &3
o RTM WE-E dile 49 Preforms =2 ¢, Vacuum? ©]&3k
mold WAA A& preformdl| EAA|71HA HEste FHLE F2|9 HAAE
9} Preformel 244, 4B} vacuum®] 2715 o2 7k FAEs A3E L3}

S8 37 7] F2E part AF 9 AT F UK H-9).

(a8-9) Resin transfer molding process
Exil ports
A
Inner
mold U ‘” L
Sealing sz 57 h
material B I
k 4 Exit ports
7 out 5 can be under
o e, & uter RIS ﬂ\;o;x;“c,u.»,:,o.-,:g:;."-,
Q‘#X‘f@%&;w mold \\ ' vacuum
Fabric perform Inlet port
can be under
pressure

Pultrusione @& do] 43 & parts AZtstEd ml$ €339 vhiolct,
(I8-10>3 Zo] 4H7F Resin tank A =219 S0 44822 Hot
dieE BHsHHAAM dsts 8428 43P Pultrusion 332 S35 o]

o
=
Y73 Z+F beam, wing airfoll 2 8¥laa FA B4 = U

{(O&-10) Pultrusion process

SPOOLS OF

FIBER GUIDE ROLLS

% ‘3

et
PULLER ROLLS
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371 99 5 F F2Eo] AHE 226 $i5le] A=HA By E Aed
tH2#-11), =23 Eg#09] Core= Honeycomb core$} Foam % Syntactic
core® Vo]t G T oot Laminate®}t CoreE FAld ZAdA7&
Cocuring® 2 81¥ Laminate®t Core® Adhesive o|-8-5te] 4% 3l Secondary
curing®| 2o}, Cocuring B-& 734 & 0|22t 78 ©3 Bag sidecllA Laminate
2] dimple @70l Lold & gleuz Feolsjol &t} Secondary curing 7] 328t
FE EUE B2 F Y AV gao] HEaejol 818 Bonding?l Laminate$h
core®] v|mel R @itolv Warpage@ ol Fejsjot g}, HFH parts BEe 2
712 At (F-3)4] Cutting Wil w2 54L& v msl 3ot

(a&-11) Sandwich structure

FACE SHEET

Adhesive

" FABRICATED 44
SANDWICH
PANEL

FACE SHEET

(E-3) SENZ2| cutting method §A H|

€. s s 4
F& tape cutting®l] 2414, T v
Hand saw B o] @g

_ A Multiple ply cutting®] %,
A7} BRE)A) ko 40ply7hA cutting 7Hs. | Azbel E5A40] UL,

Water jet TEREA oH, AR wo] Gojy, YA gl B

Computer control.
B/EpE £% 540in/min2Z cutting. 20ply7HA4 | A9} o L#] v &o] 2
i ¥ 53 78| cutting®. Computer control
Ultrasonic | 720~1200in/ming cutting £&. HAH So} vjmA F,
cutting 20ply7HA] cutting®8.

Laser
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. MMC A Z3%

MMC 728 2= Carbon, Boron. Alumina, Silicon carbidege] 1o &
A2 Aluminum, Magnesium, Coppergel 3tk MMC Az AHES = &
FEL g1} 2

1) Diffusion bonding-7t&tz} g7} d4AY of Al&sts WP ARG
sheet FERL] RS A=z 722 2 5ety i ¢H& Fo| AFsk= WPl

(21&-12) Boron/Al composite manufacturing process

Step 1 Step 2 Step 3
Apply aluminum Cut to
fail shape Lay up
m;;’:zd Vaccum
phe encapsulate
Step 7
Step 5 Heat to Apply pressure Cool, remove,
fabrication arvl hold for and
temperate consolidation cycle clean part

2) Conventional casting-Z3bi2 uvlg] 3l B preforme Al&talx
A Fefe] RAE preformel] 714 FUAA ABsh= R BA 9 ZEA
L&) &Fg T A7 A S dalslof K H-13). AF 4R 459
whi} Squeeze casting, Metal spraying® = ©]-8-387| = e},

3) Powder metallurgy-t+Fst @ele] Z2atE Metal powder2t 87 414
AHQ P/M T Ho R AEdT
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(2&-13) Continuous silicon carbide/aluminum casting

CONTINUOQUS SILICON
CARBIDE FIBER

FLEXIBLE
INTERWEAVE

FABRIC

IN MOLD(S)

MULTIPLE PART MOLD

V. CMC Al x=3T%

CMCellM ZetAe] 78 Q82 Fgo] & =] 43043 i34
A71ed Jt. ZEtAe] FAdo] A
1@]_

Sl
-
2l 79 28 solg WA 6
) o s
(o]

o
O

re &,:
of
12 o o

[1194
o e
1

St ¥+ Whiskerst 22 W A AHE g B
o] AASHA W 2w w3rl dojviA "t ZAE+ 2E Lithium
Alumino Silicate(LAS) 2} & (Glass ceramicAl, Alumina ¥ Mullite®} 2

< OxideAl, Silicon nitride®} Z-& Nitridel, Silicon carbide$t & Carbide
AR V= F A

7t BMR 25l CMC M=ZH

SiC/Alumina composlteﬂr 22 D 73EAe ¢ BlendingelYt Hot
pressing®™@8= AT} Matrix powder?t Whiskerst 22 238 7o s}
A E33 & J——°*°ﬂ*1 48 £ 7lete] dsts FAo R A2 E-14).
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{38-14) SiC/alumina Z2& =

Wet blending: alumina powder?t SiC whisker® 293k 449
Y 1 shear mixers o]-&st] FAsHA g3t 2A|, 7ZFalA 7]
o] 91 of| 2] & clustering ¥A] A2l % filtering 8t A Z2A| 71t}

.............. ll7

Densifying: 1900C9] graphite dietielA 400001b/in22
2 JAN A= 7 A E e

Qo

~

Finishing: diamond slicing2.2 & J2HE& et

Lt pi&Mw 23 CMC HIZ3H

+ Slurry infiltration and hot pressing: 3-%% Matrix powder7} £@¥ &
Ao FANZ T LAZ AAD 2 2712 Lay-upd F HIPE o] &3l
e nte 2 AE el Glass ceramicAl] A Blua W oA & 4
B5)7) 4922 o WL ol 3aTh

» CVI(Chemical vapor Infiltration): A<l RAE A7 WHoE ¢
Ho| g oskr] Yom EZAF HAE AY 71%stn Blud B 25 FA o
|Feizith, e d3@Ate] 28 B FA Z7) AgS Lt SiC/SIiC

composite®] CVI 3% & (2@-15) o vehfidict.

l..

B
[¢]

o]

(Z28-15) SiC/SIiC CMC2| chemical vapor infiltration process

M achine

& v [25h éﬁ)@?

;e Silane
Weave nicalon P, ¢ \];t
i ati shape
(SI)([E) fabrie Impregnate _Inﬁlil :f:.}(m preform . p
preform ceramic coat in reaction 1-5 cycles O

T 06400606060



* Reaction bonding: Silicon carbide-silicon nitride composite A % 3}&
WHO R Silicon 4ol Metal sprayings2l ¥4 2 Silicon metald 93l
Nitrogen@t 228 A2 9Hg351] Silicon nitride?} B4 Ak o] 24L& AL .

S ZIAA B0l $48 4FES ALY 5 AAT, 9] AL Bt

i

V. C/C composite A 2274

C/C composite AZFH 73S AA Lay-up, Cure, Pyrolysis. Impreg-
nation, Coating, Sealing®.% Y& +* I}, C/C composite process= Liquid
impregnation®# Chemical vapor deposition(CVD)¥H 2o & U 4= gl=o} A
F349 FRES (2E-16) o Jelyq o},

(3&-~16) C/C composite H|XZH

L Reinforcement 2 ).3.D Multid rectionala ]'

| Thermosetting Thermoplastic Hydrocarbon

, lesin pitch vapor
Solid phase Liquid phase Vapor phase
pyrolysis & pyrolysis g phrolysis §

l G 1 S -
Impregnate ~ Impregnate ~ Machine -
Carbonize
i | Heat treat Heat treata ’ Heat treata

i | |

Carbon-carbon composites

L

2}. Liquid impregnation

HoHRR Yl ¥ Preform® A2 £ Liquid resin ¥ Pitch® 3
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A% Carbonization®) ¥HE24 & Fala A gsle Aot PhenolicZ & 7
gt G7laA 4R, PitechAl petroleum S 25E Carbon matrixg A28
th FRL 2 s, deke Y%, part?] Bofolvt Tl whet ohddt W

25 Spol|a} Al

il

=

Lt. CVDH

CVDH-S Methane® 22 Hydrocarbon B¢1719l4 Gas®l #+3} yh-g-of &4
Carbong Preformel $2A)71% Aoz SA&Er elvke @o} it
CVD #8-& 27 Tsothermal B, Thermal gradient ¥, Pressure gradient
o2 el

[sothermal & 1 7]1&o]lw Preform pore#el 714

LN
2 99 Berh TUR HES daM Fee) NeLEED uR

3l

|
R
5
o
d
il
O

£

r

]
i
2

hie]

3)
79

7} o] Foksit), o] HPH-& FAH A7) 25 full densificatione] FET}s

2127k /C billet A2 Hol] W] 220lm gl 2H ot 1--17).

i
oo b
Ay
H

r i
i
o

2 Jacket

I i | ;? Carbon substrate

Y- _—— Induction coils
o
P .—— Graphite susceptor
] matrix
«
C ]
-9 Y
=< : g— — <
j‘ % carrier gas

Hydrocarbon gas

Thermal gradient & 412 288 o}, 2571 B2 29 SAHE
o

7} W28 Pyeform= G315

1l
N

L9
Ll
Pl
T,
o
N
>,
I
ot
]l
J},\
b
rr
e
Acs
B
.,
(15
=
=

e

W2IA)17] 7] W Bl partell lem FA% 500CHE722] Thermal gradient”}

AZITK2E-18).
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(O®-18) Thermal gradient method
OO0COO0OOQCOO0O

: \ Text

Tint
(Tint = Tdepn > Text)

fibre preform

CRONONORORONONONORS)

Incluction coil

Pressure gradient ol 4] preform pore system= £33le 88537120 ¢
Hatole SASE JEE o), o] WY S0 LTS FH weiAE

o= b = v
o] W2 ZH%HA pressure gradient’} 2715122 234 e7) S0 &
FAEZNE B3I single-iten 7801]“]' ZVeshal P At A7 RS Akl
sealo] AR AR3e Fo gz dH o da| solxe GerKag-19).

(38-19) Pressure gradient method

| HEATING |

fibre preform
in sealed unit

Py
X \

1 ELEMENTS |
Pressure P)>Py

YAzl A UEgel HYslol GBS Fololaiel 1433} 87t 371
_%_

se 53AE 337 gl tg 24
ol H& 7Ax At AR 71& A7 AB7A T2 FF7) 71Ae Aeks)
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20 FFH AT

s

a7 Botol] vjstel AsPslo] gort HIo ol st PA A= v g FE
re gt B eEZHln B S3 2 A7k B Jled U
4922 e 59, AT HAL 25 AT a2
& AHAE A2 ‘l°°’t3r siote A 234 276 o8l 37 de =z 34 7l
EBE LR %”F olt}. $-2) velel N
& AFen govt &% §E7) ARt T4 A6l Wl m2n YE A
oIk e, 21»1171 —rq Heh 94 ALl dls) B9
A%
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