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5‘@“3‘% Aol ofe FQsiet. AYFHY A é° |z

o

2

6] A s A
AE A, AEY A7), AHE A8 EF £ g, Al
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e <, 1 Zke}n]  filament winding
FHA = mandreldl /8 #E W ARt g
AAE MRE e SR Fol ¥ EY B4 4FgS
H = A dAteltt

EaoAE 28R Bse) 4PAl elslor & 7]

B olZg Avfstuzt . @A ERE AYA 5
8 Al A3 AR compressibility? 4329
permeability ol Wl 7|&aigiom, EdAE Az
Al ] 2ol Ayl tig 279 S04 disl) A7
sRom 1EA FRAE ARA A 3 AA el

sl 71esiat.
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1983 Az@dl df FHEAD

1984~ University of Massachu-
1990 setts-Lowell Ee}AE 338+

sh(akap)

1989~ American composite Tech-
1991 nologyAH(+Y)

1991~ =3 Fgdys
1995 (Hgdr)

1995~ A4Sl EYATL
A (AT

Review of Composite Manufacturing Processes

81t 4 (Young Roak Kim, Samsung Central Research Institute of Chemical Technology, 103-12,

Moonji-Dong, Yusung-ku, Taejon, Korea)
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NDI Materials
15~25%

38 1. S84 A Ax6E Ue.

SECEEERY

F 2ol TG 713ES ARG A
Fo) A5 FUHES 3

£
SIS AFE AYeld. 28 32 4

o Fejoll W2 AY 4€u s 29 e
AZ YERRSITH 226l A BE0] 2E QAL Adre
= Mf9 Fejof wEh consolidation H= AE7) tha

7l WRel ABEE 4R FF L WABeIn 4h
F3) ggol e AFel AoEn. 1¢ne, 95D

r

Af/54 M8E 27) el Bag Ao 43 g
& 243 o) e Fasith o Holse 48 2
23 ABY P ohlet AFY HA, Y AT 2
23 482 289 4 ek

2.2 £X|9] &
(Resin Flow Through Fiber Reinforcements)
ARAEAL] 24 FAA, $£X19 52 AN AAH
o2 & uf Darcy?] g2l upzm 4] (1) 2 Yehdr}.

Cost/Part
(Dollars)

Manuai Automated  Robotic
Cutting Transfer
MATERIAL
LABOR

Tape Robotic Plltrude Filament
Layup Layup Winding
[ rToounGg
EQUIPMENT

J8 2. 93390l e HYE Az A

2. SEE L3 Ayl o|B

2.1 Md7Z3H2] Consolidation

EA} B A9 Af 2gA/$A uE
A8HA 817] 9% consolidation WYL AR}, o)
7o FHge AYEo EA IPAN 9L =
BT ohlzt AYPA STEHE 48 ¢ $x1 s
Z ¥ et 1H LR BAo] % AE AL 9
Az AR89 consolidation o] 28 olFjat= A
o] vf§- Zasict. AP 93] ¥R consolidation&
AR FF 2 ¥E, F3E 2 48 38 Wy
ol met g2 JFE Lenhl o3 4R consoli-

dation gL HYA $AE A4 &2 A2 o

[
o & o
N 0% e

XS 7|5 Al 6 W5 E 19959 1049

(1

714 Q= AR A EE%(cm¥/sec), A=32
A (em?), =774 ZE &E(cm/sec) p= TZ] A=
(centipoise), P=%&, x=% 38 Zo] o ol
729 TE JEE Uehlo] FE= $3)8 permeablhty
(K} 3l1 @9l Darcy(l Darcy=9.87x10° cm?)
Z F3Ag o714 K Aol B, Az g, A
19r° 7‘]% “7!3 bundle 51-7] %0‘] S W=rhss agl
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random mat

fluffy roving
graphite roving
spun roving
straight glass roving
0/90 cloth-style 1125
0/90 cloth-style 11
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(=2}

Fiber Volume Fraction
a8l 3. A5 Fefo) W compressibility.

L Afe B9 A, 48 AE SOl W $79 5
& AP & Urh ol $1o 524

resin transfer molding(RTM)elu} structural re-
action injection molding(SRIM)A] £2419] A4 &3
(impregnation) dA4E d|sle FHoZ £2 A1 8H
o AEIAA 8 W AR 23] @R8] ¥E H 9
= A% 234 u=t 7Y 71F AT 2 715 277t
t2A PE e olgd A4S dR7t 484 23 W
A ghe obE e BT A QUoh7 o) Qlef 7]
o FFE F= AAEEE T4 Y ¢, #A

9 A9 B

Y
.
4
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o
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X
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o
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4
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A

o] 9iet.
2.3 £=X|2| Reaction

Ao WhegE AFe Y4 Sxok ot 2HE
%

o
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¥
b
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T OH o2
o fr e

=
AYPA asior & F93 AY A el #xe
a2 e A3 549 AFgAY T/ 2
25 5o wet Wt 2 £xle Hg
< FEM(finite element method)& E3}cd8 o
FozH MEY HE AHE olsiths A7t st
g 2 4 7EE T FF kineticseh 39|
A= HIE dFele] Yoy 2] ¥H& 958
T dot. dubH o AR X EFNE YA o
[e]

tr
H

Jm

L o

I ol

o
)

dokm 7HgEe gl
A% AYATh £ FAE 452 B8 HE W 2
4, 33U £A 5 A4, 28 0 =
FHU 2L ANFS FUS @

=
o
29 4y FHL BT 0
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800
700 4 @ random mat
- random-theory
2 6004 \ Q 0/90 cloth
] — r
\:_g/ 500 0/90-theory
ey
= 4004
3
§ 3004
£ 2004
a
100 b \
0 T T T
0.2 0.3 0.4 0.5 0.6

Fiber Volume Fraction

3% 4. A Fefol ©hE permeability.
3. SElE J¥ 34 FR ¥ §Y

B Ee] Ayee thee /2 A58 o8 §
HZ ASHT k. A% Azel 5 2 Feol wet
478 T8 2 AE do] gt n A¥EY EAd=
2 Aol7h ek, BPAE AYA F2 zolk AREL
E 1o Aostaint. olg Hepe] Af BRANES rov-
ing, yarn A8 Eg A7} ¥ prepreg® A|FH
oh A3ole @Y $AE 088 YR ol
gsle] thermoformingo] 7}s8t €@71AA prepreg,
commingled thermoplastic and glass/graphite fibers,
thermoplastic powder impregnated reinforcement 59|
LA AT Grkag B e 4y Tl
Be AnE AR Grlad 4 2eAEe) BEe
2719 JEWol Patodd T oA ThE Wl 23 7}
€ ¥ 4+ e Holrh

2719 BYAE HYEL F2 +FUQ hand-lay-
up FEE FE ARG AR £E A7t
& 9 hand-lay-up FHE o} & Uty 1 &
HE FES] A8 o] 7Hes Adulgo] AUEslt.
©]&& filament winding, pultrusion, pulforming,
tape placement Fo] Utk H 2= A& FANA 25
sl FHES Fsidnh. BPARe] el 57}
ol w3 AL H3 o951 CAD(comput-
er aided design), CAE(computer aided engineer-
ing) 7IFE°] AF AREHD Q. HZE filament
winding, compression press %2 zEg Anlol 2}
8 A2, z2aL H AR (Water Jet i Lazer
Jet), 25E& o[ &8 EF olF A3 59 7 FANES
Agale) A FAAD. DL F2 AT B
FAE A THE Masl B4 A7 AB 50 st
AgshArt.

3.1 Hand Lay-Up/Spray-Up 2%

Hand lay-up 382 4% 39 oA 713 2=

o
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B 1. 12 5948 74 AR

Ng FF7 ol 7Hs3 )
Reinforcements
Glass Fiber Roving, yarn, tapes, woven, fabrics, milled

fiber, chopped mat, continuous strand mat,
preform, filler

Boron Whiskers, tow, yarns, tape, woven and
non-woven broadgoods(dry or Prepreg),

preforms, filler

Graphite Same as for boron, plus chopped fiber

Aramids Kevlar-roving, yarn, tape and fabric, in-
cluding Prepreg

272 Hollow glass or plastic microsphers, solid

glass microspheres, syntactic foams, sand-
wich structures, calcium carbonate, clay,

mica

Resin matrices
Thermoset Epoxy, unsaturated polyester, vinyl ester,
polybutadiene, high-temperature polyimides
Thermoplastics Nylon, polycarbonate, polypropylene, poly-
etheretherketone, polyphenylene sulfide, pol-
ysulfone

Molding compounds |Bulk molding compound, sheet molding

compound, glass mat thermoplastics

E 2. 2 A8He 5¢A4s YT

L= . o
' & 4 3 3 #

Open Mold Spray-Up, Hand-Lay-Up or Contact
Molding, Vacuum Bag Molding, Auto-
clave Molding, Centrifugal Casting

Closed Mold Matched Die Molding, Compression

Molding, Resin Transfer Molding

Automated Systems |Filament Winding, Pultrusion,

Pulforming, Tape Placement

FHOR wl$ Dush} ) vjFo] FL Tolnt.
of FHE AP 3B Mg Yy FHe 2
2 e ¥ 4PARE T2 4D

Y ¥ /\)\E]' Y 47‘3
el gel coatE wiEAY 0}" Ela
¥o| IFHEE FF g A7t FHZE $Jo) mat T
fabricg S8 1 ply® =2 % rollert} brushE AR
atod BX 3 Eejo2~E gL £48 AN, olu) o
B TR V| EE F83] AAsNF B49L FAND 4
ATt o] FHL F2 ALo4 AFIE AYAy|nz =
2 8-10A12F Hze] Al A)7ko] 235 epoxy 42
§ AR Ffole 3-79 AR A Aze] 27w
o Hand lay-up 382 Qae] wdomaz gEz: 4
Foll 2 Fgolrt. o] FHPOoE HYAkE AT YAt

matE 3|0l

DEXDE JlE M 6A5E 19953 109

A9 7)ge] et FZ & 3o|g VDR EF AT
¢ 2% I} ¢ Fa35

Spray-up 92 A rovingg HWr|E o] 43}
st ZolZ Hagka FA]o air spray gung o] £3}
of #=2¢ A FPUol Bol F= TYolth(IR 5).
G gun nozzleg SHSAA $371 £XHL). 5
2 Y DHRE roller2 GFs] HAH W) )|ES
11]712‘511:} Hand lay-up ¥YX" 3% ZEW= gel
coatF & PAHT & spray HPE& AP}, Spray-up
T -Zr-i band lay-up ¥Ho=Z ARH= AEZHot
27t & A o)=Y HYA H{HE sprayP
ARE 7Ll £EAF)E Aol 283510

3.2 Autoclave/Vacuum Bag 24

Autoclave/vacuum bag FHE 14S EAHSG B
FAE Y 7Y Sl 7 BEsiEo] Qe gy
oltt. o] YL F= 55‘6‘ & EUNE HJYEEL A
2 e 4¥Fgrue ‘éf’é%’-
4 AEe B0 Hojurt
FH-L s /epoxy EE w21 A+/epoxy prepreg "*
] HACZ HE I autoclave
oAl dF UHE ssted AT Prepreg®
preimpregnated?] °fo]zA] Yutd oz M8 B Ao
TAE FAZ 42 wi% £F IS AL et o)y
s prepreg% A7 BRAEE RS Y2 60%

T ZgaA "t 8 62 vacuum bag forming?)

]g Hehdth. F89 89e 7o) 9= gl=Zg BE
O YolA] prepregold Ve $x)71 FFo E=
< A% HEZR 88 39 9ol £ F45A) (resin
bleeder)7} Fe{X 1 2 flo] 7o) Y= HIZEL =
o 2 9ol ERAE prepreg layer5-2 Yst= Wkl

w2t gt Prepreg 913ole oldiWdgo] HEE,
T2 FA, :r"““’] e HZ2g Jert. 2 s &
T BXE FdeA s7] Y8t ¢ Rul¥E caul plateE
F1, ol Dé] | 9= HZ28 gd=ot. 1 9o AP
HZw g 0} d W 3719 §E7} He ar
breather& & L}°1i0 2 Az AW o] L3}
o €& ¥ vacuum sealantg o] §3lo] 1T FZIT}.

olg7 Azwlo] ®oIX prepreg: autoclave vkl A
ZFo] FHREA BAF T autoclaveloll =]t
FTBE AZAZIY. dge] H autoclave WA Ho)
Z¥sh A" A preprege] of #9] AHBAY 437} Wb}
™ 7t layerell &g 71SlAA A Fujel 7]12L 2o A
Fe e o] e A 4 g Vele Fxel w
AF B4 & 4TS Foh. ales 4y duE s
AL TP T Fo) 218 AEEA ZA stk di),
a8 78 AP Bad¥/epoxy $3] B E 4F
Ao} B3 Aol E€ vebd 23olt}. Autoclave B4 &
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Resin and Curative

@
Chopper
7 .
Resin and ,\ &
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- VACUUM BAG
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— NON-POROLS TEFLON
AR T T =——+-— ALUMINUM CAUL PLATE
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_& [ 1
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33l 6. Vacuum bag 4.

o|-83 A F AYA BAo) 43 AES Y3 sl
S7EHE AR olelol FEsiio.

— N8N &3t A3 £5 A preset 2EE YR
FEE 2HIT.

— BEA ABEH FA o] FYEE T o} ghrt
— AEE adsiA st ZgEolof gt
— 38" AFR 7130l e He Fol xgEE

= 4yajolor Ik

— A3 #HJL& 7HF
gyaioiot .

3.3 RTM(Resin Transfer Molding)

RTM A& AR E’JZHE *ﬂﬁ g H] a1 A
e sl 29 Sol ¢ ARAR F, 2AE
3 FYsto EE}XHEE dHste= %—‘%’301‘3}(19
8). RTM 434 87HE VI€=2= 1) 87 452 ¢
£A)71= preform& A5l preform Xﬂz*l Ag A
o Hag vle, 2) #X TEH 3FE Y AxHAEE
£, 79 U8, £40) A5 $§ ¥ $iE, mold
723 e E) o] ABHAE olaliste] AF] F
o] -’?‘117} RE23AY, 71 50] HATR FEE Y
2L dZFsk= 71s, 3) B39 gaddudl 1 3
L2 F, vents] 914, 37 R F 59
g2 A4 He 55 2 23 44 Ve ol Uk
HES FYoNAM 2 Foll 7ol “}E} 7hgo

@ He A7 ol ol ES

09*,

-
1o
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>

E

Cure 2 /1751

/- Temperature
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z

1
./ Pressure:
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a8 7. g44 5 /epoxy B F2 autoclavel] A% cycle.

<
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E]

e 2
£8 s
M

Temperature(C)
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o o
S
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SHAPING DIE
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RESIN PUMP

3%l 8. RTM &X%.

T AFY ol¥E GolslE =oETh olHT FHS
o188 AFoRE AH8Ae o
F ¥3718 72E, DI, 9%, 82, viAd BB
So) USIE Lololx 2853 k. RTM3} ol $
AR ZA o7 SRIM(structural reaction injection
molding) Fge] ArH( IR 9).

3.4 et=/dE (Compression Molding)

AP E 58l AZFE Al PHL 7129
Aol the Fel vlal 24 R A4y B4 o
A HsE 7hsetA ettt

, boss, rib, flange 5§ 4l¢)
GA2 ¥ + Uk o] Sk
38 Ushigteh. el 97}

A FAE o] &3 GMT(glass mat reinforced thermo-

c

o 9
i:‘
+
2
o2l
oX
i)
o
Uz
br LJ e >

plastic) & 7W¥stel HZHFS Boled AEA B BT
Folol ML sha gk,

UEHY FAHE A 2 A Eolol Bo] AHgHE
AREEL F2 SMC(sheet molding compound)}t
BMC(bulk molding compound) ¢} & AEE Z3
A AYshed F2 AME gtk SMCH 97334 ¢

AFE EX8 EFTo2H X)), FE4H, Ba2E
ZEEZ T4 1-5mm9] sheet AARE FFHT A=
= A¥ar] 9% £ gAY A Fel. SMCU g
A= A7t JHH gL deoly ¢ Arr o
(10,000-40,000 cps) H7MA 2= CaCOs, AFA|, =3

ﬂ
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Air pressure
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Recirculation

Metering
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cylinder
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Mixing head

33 9. SRIM ZA.

E MOVABLE PLATEN _J
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——TShear Edge
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. i T————Ejector Pin
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AN\

A, FEFLAA Fol $A Wol T itk SMC
sheets YEHY 2L Bojol 54 73} wgo] 3
Hol FYUelA MBoZ HYE. SMC Az 3L
F2 ER, KA R, ¥ERY 2L 41 WEE o
837 9% £4 Tgez ooyt am 1L
SMC sheet7} 4415l B9 & 181 AHsolch.
SMCE ol &% & Hge 72 Fuelds 82y
AW So) A% Aol 22 AHGs| ou} vl A
o= SMC A4kl 2/3 HE7} A5a HE S5 9

DEXEDL 712 A 6A5 3 19959 109

Continuous strand roving

. Chopper
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Resin/filler
strand roving \
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&
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o
¥
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®
N
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|
A m
ol AREH gt ol WP 8w 718, o3y %
sink marke} 22 2L glol = Yo go] o]
SEH. ol9elx HE 71e % HUE A s Fol
b ojopTt 2bEat YF A Go] shesih. SMCE ol
T AF HPA Nol B 1A HAEZE ol
2t}
1) f2ldfe] £27 #Y3IE% sheet9] charge ¥
B &g
2) 39 52 BEE A% 3 A 2 A5E: 1

formulation 7]

oy

3) 712 ARG A3 YA s 7€ (%743 for
mulation, 1% 4% 7)&, T/ AES)

4) ¥, sink mark 59 94 HE 948 HH 4y
23 2

5) Ag 2obd Sz 9 Aze] TAFH L 47
o) 933} 7% A

3.5 ¢lubZH (Pultrusion)

Pultrusion 34L& ©HZo] dRs uye 23t
TEEE AEHOE HYdle FTHolt). o] 3H e
A+ roving® matE creel® 2] bathE E3}A|A
g A 2 FHE AFEo] forming guide
of oJa AMEF ZUOFE EojHA heating® ZFOE =
o7tk B FHNE B S0 BT Wgol A
Y=ol A4 Alel 227k BA ZolA FPo2RE 1
2% clamping pullerol] oj3) @A A&Hog A
o] AYF AFol YTt AT AFL cuttero] 9
3 Wtz dol2 At a3 125 HFHQ) oty
g e Mamolch QUHY THE Ao =1
ANEL] Af o gda8el 2 AT il 713}
EF, AF Aolrt FAFG AT A £ Qe A

E=

]

ALHPY A Ve +x 4F 2 EF, 38 A8
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Fiber
racks cloth !
racks Material

ANAN Hi hani
- puthing mechanisms .
pultrusion . moving
.Ng\ /\ die enenged d’?ﬁ@dcutoﬁ saw
\ ’ { / i

a\e= \haeters
- - . |
=: S P e ]
42
i
) \ hydraulic rams' finished
prefolrmmg resin tank product
guides

38 12, A28Y .

9l

t}. Preforming guide= AMEHE= AH{Eo
HEHA) ok FEHE FR|IHA o7 3
HEE, AF Yol B F9, 57 ¥y
mati} fabricg AFEE A9 S preforming guide
AA 71ge] vi$ Fo3itt ABA 23 . 2ER £
Ao & 7Ee A 58 AEL R 2 93t
ot 53], FAM AL AFE APl AE u-
250 A3l &% Holo} 2%t crack TAE BR8]
AsA PR FHARTE FF R Borr] A
heaterg§ THA|A HEHoZ HIAZ T 4=
gt H2ole B4 $RIE o) 48 LI E A&
o] Hl1 3tt. E7tAA EAEE 3L extruderd) &
W71E 7 ol &3 AF A4 BAT prepregE: AEE
ARERE 7HE A4t wpbale] Qith. d kA AEE 2
9] 27ol= AFA AL FA3 =71 A B2}

A
N
i
'
o]
rr
po)
Qo
Jjm
o
L
*
o
1
oX
ot
>
2
)

2
I
e
o

271 S8 zfsiof 2 4 AAELS A& E, 99
B, 48 AFY A 7o e A AR 9,
TS, 29 Zol Fo] AUtt. HIoll= pultrusion/
winding, pultrusion/braiding, pultrusion/extrusion,
pultrusion/compression ¥ $o] 70 Folt}. o]#gH
FHEY HE 4y 21E& AsiAe aEEor & 4y
ARME0] B1ST BolAA HUTh.

Y E T3 ABFEL HYFY S44 Do)

il 1
YRET AZ pok, $47] R FF/F gobd) P2
]

stod Aakgo] S48 FAE Thdel we) /A Hgelo)
o AR 7t WA FAHE Rtk B8 A
2 2= Y% EY container +X2E, AEE, 7] FA
A, YA F2E, AHA frame, the] 7144 beam
TEE, WA W-AFA, T84 cover, AfF AlEE
rod, 3| platform, o3&} 7AA-LL tension rope, Z3]
E F2E ol AM8-EE rebar 5 A& Roly} ojofsiel.

3.6 Filament Winding 2t

Filament winding %2 4% rovingg& <X] bath

494

Cycles To Close \ ,\ - Travel
I

Wind angle \

Mandrel

.~~~ Inpregnation Bath

C = ]
\- Carriage

% 13, Filament winding 3.

3471 & mandrel o) Zolr AL A =5}
Fejelth(8l 13). ol 4] 3 44 roving
H

s B Sl H ZAHLE Aulsol 453

o o

ol

[}
Ut F5 mandrelo] SHHWA M rovingo]
A™ carriage?] ol¥ X9 mandrel HHEEE
Af roving® winding Z5 2 233t 938 man-
drele] ¢, ojoly) 7} =

2

A ST A=A | 8

_ 2zNr

9 v (2)
2 BAEY, o714 N2 HASE, Vi AUAY olF
&wmel:, 7& Hf7t mandreld] 22 wle] Wgelch

r2 winding A A F7EtE2E, AT 45 A7) ¢
stqxs Ve N2 28A1ACk st F/W I¥& Ad
3k AP ZHAT =8 Ao R A HEjo AE Az
ol 2 HLFtt. A2 computer control 7]&x o
&k Au| 5] LR HIole vy Zge] A= P
= A&7z gk F/W TR Mg 2ok thofs}
o F4 £E02%= IYFHY rotor blades, tail rotor
booms, rocket motor cases, external fuel tanks, pres-
sure bottles 5ol 2%, tennis rocket, ski poles,
baseball bats, drive shaft 5 A¥= 9 du} Aj g0
2 g ol ot

3.7 ot A SHAE HE

Qhay BPATE o8 HIe 2RHY 43F
W 2 Aol gout Wrked $AE SR FF
g0l $28 FolBZ HBF AT Dol A wHgo] A
P B dofubx WomE ARHY B IEol
Bl HYAIZLE BEAY 4 ek Ghad BRAE
HEe FA9 54 wRel olvl 45 ABL 27 4
Yg Fotol the mYoR WYAY 4 glom 42 7t
st HPAD SE Atk B 30 Arkay 47 2e)
S 4%A Lojut 49 BHS £E3 @ Aol ¥
& olTE 7 el m PelHel ¥EZ ABHAT
A9ol et AAGE Teiste] ofe] ~xle] 4 HAS
@ FHOR Ys)E Bt
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thermocouple
pressure gauge pressure transducer

speed controller
o L v S
O

\ L] S

roll \ air banding jet

halance bars tension pin

37l 14. €724 prepreg AR E 93 hot melt 2H.

take-up roll

tape die

molten polymer inlet from extruder

73—+ To Vacuum Bag

¥ 3. 9 $4 2EAE 4¥5Y 3y

1. Fiber Formation
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