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Abstract

This report is intended to provide the readers with a comprehensive look at the state of the art of
composite materials technology, with particular attention on how to go about selecting right material
for a given application and inversely finding new applications for a given composition. A rationale
is presented herein which reaffirms needs of composite materials presently in use and of further
search of better application methods and new and better materials. Much of the up-to-date infor-
mation has been included in the form of tables and figures. In the course of fulfilling these aims,
relevant concepts, methods and classifications are introduced wherever appropriate to relate theor-
etical aspects of the technology to practical applications.
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21 E#%
2-1-1 E&H .
BWAME (Composite Materials, CM): 2 {@
o] ] EH =v M £ - Aattd MEEY
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€ 7lA =& Process3dt Man-made =¥ Man-
controlled 3+ K& 23},

HE2 EiRel A B9 #HAMEE Man-ma-
de, Natural, zZ8lz 2 F7A4RAL He:= &
R Y98 4 Ak

2-1-2 Man-made$} Natural # &k
a) Man-made WA
Man-made #& ¥+ #HA3 Matrixol] Fibers

- & 9 - MBS ProcessT Ao 2A ALK
 EfEEtE. F-Erl, Man-made #HEHEE=
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Cemposite Materia. "X
Composite Material "Y*

Fig.2.1. Man-made Composite Material

W3] itebo] B,
Ex=§aEa+(1—$a)Ep (2-2)

7b Bargte

Man-made &M &R J|aMR
(Fiber Reinforced Composite Materials, FRCM)
2 9 35+ B#ER{t Plastics (Fiber Reinforced
Plastics, FRP), ##i8{t 5 (Fiber Reinforced
Rubber, FRR), =83 &{B{LLE (Fiber
Reinforced Metals, FRM) %] 9z},

b) Natural W&HE

Natural == Eutectic #-& # ¥} Single Sol-
idification Process® A E Aoz SN REHS
EeEtzx L2k, Natural £2 Eutectic #4
e Fig.2-2014 9} 7to] @ @Re] Ao
Aol A BERFESH A, B, Ce--8) WHEE, HitE, 2
Aol WsslEA wE Agde 2E ALR,
Cleeeeert A EAEBE YASH e A
ojth, uhebd EALAIE A, B, Cooeees} Y Alo)
o BardAl eevh mEhv HE HAMKEE
Al B, Cleeeree o) Hpth e 9 AN Hrtkol ey
A e Biykale] misrdh

Natural =% Eutectic #{7# ol = o u|E2
4] Copolymer, #:#%, &, 5, Eutectic Metals (—
HEgEES) Bol hon, F249] Structural
28} 3= Non-Structural Eutectic MetalsZ 7] 2] 3}
e A Rs AEAAL 53] =g gk,
v S EAMEe] M ol %t Man-contr-
olled =7 -& ofr},

Eutectics+= Aerospace Applicationg- ¥] £3 %
2 HERE A0 JdEzg Syt dn S ,
oo Bigest ExkEcotn A e . Fig. 2.4. Al-CuAl, Controlled Eutectic
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Eutectic Compositesol] ™ 3te] ztd3s] o F3)

2wl Eutectics:= Ingoto] Molten Zoneg &34

71 EA], o4 Molten Specimens Draw 33
—J5EE 7L =lo] High Modulus Phasert B
Ao, —Fmo g &ESE AI-ALNi Eutectic
ol & Fo] 2rl Cast Material ¥} 354 % 7
819, Melting Point¥ 641°C oA gk, #7HiEE{L
frd 7075-T6 2oh mfi@Ersl 3o, (Fig.
2:3, 2-4 #A=x)
c) 7| Et
ABSy} SAP (Sintered Aluminum Product) 2}
R KT 5 BILY &% Naturalsh Man-
made HAMKLS] T4 42E /BRRAE <=
z B9lrh, Cr-AlOs;% Thermited o 25¢]
B BERERS A7d zA3EA, £BL
F#E JFskgl mAHALololl TS THECl ME
o] Z3ghc}?,

2-2 Plastics Composites2] 38

BEAMEE HHE M ==k4 FRP, FRR,
FRM &3 #Zo] Matrixo] 9J3te] S8 =
ol o 2.59] A} PlasticsE MatrixsE 3} Pla-

stics Compositesol] tj3le] s 2 ch&2t
e,
—GRTS ——
—FRTS ._,_]
| 75 FRTS | —GRP
—FRP—
' ‘ —GRTP —
_FRTP ——]
PCM—; )& FRTP
_FP
715 PCM

PCM : Plastics Composites

FRP : Fiber Reinforced Plastics

FRTS : Fiber Reinforced Thermosets

FRTP : Fiber Reinforced Thermoplastics
GRTS : Glass Fiber Reinforced Thermosets
GRTP : Glass Fiber Reinforced Thermoplastics
GRP : Glass Fiber Reinforced Plastics

FP: Filled Plastics

Fig. Classification of the Plastics Composites.
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2-3 FRP2| #&ak

FRP+= Fiber (glass) Reinforced Plastics®] <k
A2 A AlA] Glass fiber®] Top Makerql ©] 9]
O.C.F. (Owens Corning Fiberglass)d] £]s}o]
FRP2}+= wtol & A& A2 F.= Fiber
glass gl o1} @ ¥3 FiberE A 3= F=7 o,
28] 3 P& TPe} TSE £33} Plasticso) o}, -
Holl A= 29 FRPol & 23l wtol 24 GRP
£ AFg3tx len] #Zo &= Carbon fibers} 7
ol wheba] Glass fiber?] GFoll o) -&3te =
olz CF& stz vt

FRPz} = chol = 4 onlelA Ew FHA
Ao 2 Ag3tx = FRP (FRTS)9 = %&
ZE st ek, sAl %kl FRTP (53 GRTP)
% BMC (Bulk Molding Compound)ol| 4 G=
Plastics& Fiberz ik =R & @8l oyt
FRTS (5% GRTS)el A& #@stz, 7by-ut,
I RE7E A+E% FiberE Plastics24 [EEA
A A HEE Fod3ngl

ol 2 g & Aolw £lo] olwtuie)
FAtel 2 AEol vl 5o Ew Hslste] Formul-
ation i R M ke RaEdd oA =
JiErg ubrel & sheAel Adke AL HE

Sfa Al

7

3. ®aftel R B%

3-1 E&fkel EEH
olwl 544 Fibert} Resing Arg3te] #{
HEE shed BE—FMgezs 45 ¢ o

High Modulus of Elasticity,
High Strength at
Normal and Elevated Temperature .2 3. Gre-
ater Weather Resistance 5 ##:< 9<& 4+ 9

= Bl A Eu o ) E Ao,

kA @ Ed HAMHEE EHERT Aerospace
Fiol A wiolF & 4 gle MHE A S wxd
ot ohA I BEMFE  Re-entry Bodies,
Space Capsules, Recovery Gear Soff AFL5 1
ov E3] Rangeol Altituder} Higol o4& &

Low Dielectric
Constant and Loss Factor,



# 5 = Compound Rocketsol| 4] Final Stage Moter
I Isotensoid~Wound Glass-Roving Reinforced
Plastics7} AF&5] 7. o2,

2 AA HAMEE ol &3t old HE
#7S Bt ol ofdl SxolAE HE
& doglmg olszel AR mesE RER
& F 2z AA BEe Az EES dAHNE
g ost sleh. gubd ez Fdeoji} Cataloguedl
A BEoS 5AsE Ao donz F3
o]i} Cataloguesl Jept SIxl 2EE ¢
(Read between the lines) #AMFIS & - B
off Wate] WAE At N Fol Application
3 oF gt

3-2 @aftel R%

3-2-1 EHAHES WL
a) B—Fi7e HEAshd seHEE (Material

Index) 7} fI_E3Eeh, dbRHEMES] v) ol & #F

BHEEEZ Aested, 2 EEEs HEE

E/p (E: YoungZ, p:#E =t H#ER)

WBEE o/p (o ¥RHE BRE)0] Slom EaE

e #apet g9l th Table 31L& HEH

ol 24 daAdaA (£B Lt FRP] B

Wy HE 2 ORMEREA HERES R
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b) #EyEse] A% ¥ ad e HEKK (Stru-
uctral Index) S AMg3beh. FHME, B,
HiE, BE 59 HAkEy dAT BES
EEzA ANAE £ Bed EERES
] wol] AMEE B fElE EERIER (Buckling
Index) #z3tc}, Table3. 2% Rods,
Tubes, -8 7 Platese] g Least-weight

Bars,

Design Criteriao] 7|25 & #i&EHe] A=
o]l Table 3.32 Tension, Compression,

Flexure, Buckling 28] 7= Energy Loadingel]
P& Criteria 474 & 2AE Ao,
¢ MR HAMEE BELEHEY Aol W
ot ERREHMK o= —FE Rk B
B, MRS Figld. 1o A9t 7to] A Zhal
W M e sERE P dS$ze, &
Gl WAEAC ek &
Fi=0sVi+0,* Vi 31
Fy: —Jmagedre] i m 5EEE
of ¢ REHES] TIREEE
Vy: S BREARE
¥ AT S] Bl HiESt = Matrix
o] FARIEN
Va.=Matrix2] BEAHZE
u}zbA] HS-Glass fiber (HS : high strength),
Carbon fiber & BB AHHS Fol¥ Fi ¥

Table 3.1 Mechanical Properties of Typical Rocket Chamber Materials and FRP.

Tensile Strength, | Elongation 9% Density, p a/p Young’s Modulus, E
Materials g Kg/mm? 107%kg/mm?3 10*mm 10* kg/mm?
F Fi/p E,
Ft Ft/p Et
Fi Fu/p E.
HT-140 136 11 7.85 1.73 2.05
PH-200 190 5 8.02 2.37 1.8
Vasco-Jet 90 98~128 =10 7.9 1.24~1.62 2.0
Maraging Steel 179 8.0 2.24 1.8
HS-Glass/Epoxy 220 10.1 0. 56
Unidirectional Material 14 2.18 0.64 0.54
Ve=75% 12 0.63 0. 040
Glass Cloth/Epoxy 40 2.0 0.31
Satin w/cloth 15ply 40
Didirectional Material 2.0 2.0 0.31
Vi=73% 14 2.0 0. 045
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Table 3.2 Weight-Performance Ratios of ‘Structural Materials: ©

: Glass Roving Reinforced Epoxy®| Steel AluminumMagnesium | Titanium | Beryllium
Properties !
Type of | Parallel [Crossed Ply) (Redstar) | (7075-T¢)|(ZK 60A) |(AMS4908) (QMV)
Tensile Yield Stress o, ‘
thousands of psi E, Be 200 100 280 73 4 100 10
Young’s Modulus, E, {E an 8 4 29 10. 4 6.5 16 42
millions of psi Be (16) 11 5.5
Density, p, b per E (sp.grl 0.067 0. 067 0. 285 0. 098 0. 066 0.163 0. 056
cu. in. 2. 59)
Be(Sp.grl 0.075 | 0.075
2.89)
- E 0.338 0.675 1.02 1.34 1.50 1.63 1.66
p/o, in.71x10° {Be 0.377 | 0.755
. E 0. 850 1.71 0.98 0.93 1.02 1. 0. 1i
o/, in.7tX10° {Be 0. 635 1.28 _ o ¥
ooV, in. 2X 102 {ge 0.207 | 0.214 0.54 0.32 | 0.315 0.52 0.33
SV, i, -3X 108 {ge 338 425 9.3 4.5 3.62 6. 48 1.91
208/, Tb/in. -Tbx 108 | [E, 27 B4 136 | 84| 42| 520 | 30.0
a. Room temperature . Dry c¢. E. Boroaluminosilicate glass

Be. Glass containing beryllium oxide

Table 3.3 Weight-performance Criteria?

Type of Structural Element
Type of Load Beam*
Tubes® Rodse Tubesd
] Plates®
. f 1/2 2/3
Bending load { 2 _:; ;‘{31 /3 z ;UE‘ /2 ng
Axial compressive stability p/EV/3 p/EV/2 o/E
Hydraulic compressive stability o/E173
. . f o/a plo plo
Axial and edgewise load {g ofE o/E o/E
Equivalent weight for equal elastic energy storage 20E/0 20E/g? 20E/6?
capacitye
a  Width constant -
b Wall thickness constant, diameter variable
¢ Diameter variable
d  Diameter constant, wall thickness variable
e Ratio of density to the area under stress-strain curve in the elastic range
f Weight for equal load capacity
g Weight for equal deflection under load

obA| A gk, #itEel et BEH A FIEEE
Ft, @l TTHAY WEBE F.ts 52
MatrixQ] Plastics == ##Eole] REEE =4
AR =2 e A% & A Bawmp

SpabB e H162 H2& 19788 43

- mEA gn

HEWRo &,

Table 3.101 A9} 7ol —HEBILHS] Fi/le
2Bl ¥l gte] w9 avh, a3y Ft/l, F/le
et ORI S A Sole MRS - ol
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Fig. 3.1. Strength and Elastic Medulus of Unidir-

ectional Reinforced Material

Figik Hoigleh, webA AAdAgAE A7
Fo A FPEFL uAEHA god <E

3-2-2 BHES \m.E

a) Ablation fF#ki4

FRP: Plastics7} Matrixgl o] A Kol =
A GBS SRS 2X got, ERE B/
el A1) Ablation fif#E oHE brkier v
& ¢ Qe g a2

Ablation- FEo| #EiEel Rz E=hdw
FEo A BERILSY B Wgtel EKimel =
Z4 Ablate =34 WE2 Bo] AF3= AL
A A o2 AP (Fig.3.2 ) o2 BBk
‘=Ablation Heat H =¥ Effective Thermal
Capacity Q*% Yebd 39 (Table 3.4 2 2).

FH Capsuleo] FHRITES Fd o7
Re-entry 3= HAZ 2=J5in#k (Aerodynamic
Heat) & ¥ (Table 3.5, 3.6 =), ol= #
23 B33ty 9siAs FRP7E 2A4AQ o

S3tz Yt Hx A =2 Silica == Glas-
s fiber Reinforced Phenol Resin® %-& Ablation
Bt B HES Av)slaz 974 Re-
entry 48] #Ae] =ik zeElz FHZdE

fLUnA

FJEH
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Fig. 3.2

Energy Dissipation of an Ablatmg

Phonolic-Glass Composites!®

Table 3.4 Effective Thermal Capacity of Materials

Effective Thermal
Cooling Method Materials Capairty Q*
keal/kg
Cu 100
Heat sink Fe 170
Be 610
Pyrographite >2220
H,0 555
Convective He 1, 660
Cooling Li 1280
Hp 4,720
Air 830
Transpiration H0 1390
He 2500
Ha 6, 650
| Graphite 4, 440
| Silica 3330
Ablation Pure Plastic 830~1110
© FRP 1110~1660
i Ceramic Reinfor- 1660~2780
ced Plastics
! Non-Homogeneous| 1110~3330
Metal/Ceramic

+ Effective thermal Capacity Q*=gt/w, ¢ ; kcal/cm? sec

t ; sec,

EE AR A AE
&3] RebE

W ; kg/cm?

BEAA A

FHEHS 8ol

SHo2 4TS

Qe A2 fit#E Polymerse] Qo] 33}

2 gepo,
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Table 3.5 Hyperenvironments, Present and Future!?

Temperatures —300°F to over 50, 000°F
Heating rates (peak) 20  to over 50000 Btu/ft2-sec
Total heating 10,000 to over 150, 000 Btu/ft2

Heating times 1 to over 3600 sec
Pressures (stagnation) 0.01 to over 400 atm
Loading 1 to over 300g

Shear stress 1 to over 1500 Ib/ft?
Composition Air, Planetary atmospheres,

Propellant combustion gases, Entrained
particles, and Energetic species

Table 3.6 Hyperenvironments of Re-entry!®

Heatmg time Heating rates Total heating

(sec) (Btu/ft?sec) Btu/ft?
IRBM 25 500 8000
ICBM 35 2000 35000
Satellite 300~6000 70~80  10000~150000

Table 3.7 Effective Ablation Temperature of Materials

Materials Temperatures °C
PE 412
Teflon 593
Nylon 809
Glass fiber reinforced phenolic 1650
Quartz 2100
Graphite >>3300
MgO; >2760
100
PBI
90 | =~
80 }
Weight Loss .
(%) 0}
Phenol Resin
60 |
50 N . \
100 300 500 700

Temperature (°C)

Fig.3.3. Typical TGA Curve of PBI and Phenol
Resin

BELBE X16A X2Z 1978 43

Fig.3.32 PBI2} Phenol

SEE e
b) Specific Impulse

Recket& Solid propellant®. &9l sk

& 7} 53 9lvk. Soild propellants Combust-
ion gas® M2 B HHE AL A
L2 glorg e dedlE $&E
el = th#ES (Specific Impulse) =

Isp=1It/ Wp (sec) 3.2

It : Total Impulse (kg-sec), Wp : Propellant
wt (kg) 2A] Isprk & B 27} glch, 28 = Mo-
tor case Wol| A W3l = Yo 44 Adz
3}33}2] 9+7] 918} A] & Poisson’s Ratio v7} Ideal
rubber 9] 0.50 7P, FER BB (H5E
3} o] Aokgtel. o] 2L HFIE H
¥ ZA = RubberAd PolymerZo] ®mEHEZ
80% A= NH,ClO 5 AshA| st Al ¥
& A Aol o] &5z 9l

3.2.3 BRAN HE

BRMELZA Y @Aﬁﬂh HRME Ftkel F
S8 ol B B B F o] Helvtm
7HH 3 ERERe] $9e 54 = 9
otz 2 Bl 3t FHstz 283 K&

T4 BWEHS

BEE 7l sle.=8 Radome k= A wjo]
¢ + 8ok
z 3 ERMKEAY matbe A4E

Binder®] Ffof wtebd o §49 wsyl 2
2 A3l Electric insulating effeciency g Z%
% Fiber§ HHLA o ohe.

Table 3.8 Glass reinforced plastics®] 'BR
By HEHES el o] opo,

3-2-4 JEHE

Glass fiber/polyester= ¥i%:Bke] T3 S8
T HEEE Avstn Jermg ¥e EEY I
87 Qe AFTFE 2224 AS &3t 7
EAch, = FRPE BERRFME Rk 2A
R A A Has, EeMRTe Ly
ZREE7F Matrix®] ESUBERES BEAHER
2A FoiRh,

8c=8nVa 3.3)

A7 A B EBERIE =N/t (e;—ep)



Table 3.8 Electrical Properties of Glass Reinforced Laminates (Glassfabric Base)
(Morden Plastics Encyopedia 1977-1978 488-491)

Melamine-~ Pherol-Fo-

Properties ASTM Unit ’ Epoxy gé);maldeh- rmaldehyde Polyester | Silicone Teflon
Insulation resistance
D257 | megohms |50, 000~ 100, 000 | 25~5, 000 25, 000~ 20, 000~ _
96k & 0% R.H. and 1, 000, 000 3, 000, 000 10°
Volume resistivity D257 | ohm-cm | 1x10° 2.5 1010 >106

(50% R.H. and 25°C)

Dielectric strength, short
time, 1/8 in. thickness D149

Dielectric strength, step by : ~ ~ ~ ~ ~ ~
step, 1/8 in. thickness D149 | volts/mil | 300~600] 150~450, 250~650] 220~600, 150~350] 250~700

volts/mil | 400~750{ 200~600] 300~700] 250~700, 180~480, 300~800

Dielectric strength, step by - -~ -~ -~ ~ -~
ston. pralidl b oy 1NY BI00 BNTH 070 45~E0 2560 40~80
Dielectric constant, 60 cycles; D150 4.2~5.3 6.6~10.0| 4.0~10.0/ 4.0~6.0] 4.3~5. 0 2.6~2.8
10% cycles D150 6.1~9.5/ 4.8~6.3 3.7~4.3 2.6~2.8
108 cycles] D150 4.5~5.31 6.0~9.0| 3.7~6.6{ 3.0~4.0 3.7~4.3 2.4~2.7
Dissipation factor, 60cycles| D150 0.003~ 0.04~0.100.01~0.100.02~0.040.005~ | 0.0005
103cycles) D150 0. 012~ 0. 015~ 0. 005~ 0. 0004
E 0.03 0.042 0. 01
108cycless D150 0.010~  0.011~ 0. 005~ 0. 007~ 0. 005~ 0. 0008
0. 030, 0. 025 0. 050 0. 030‘ 0.01
Arc resistance D495 | sec 15~180] 175~200, Tracks 80~140i 150~250] 180
c: HEMR ano
m : matrix 3-3 wmaitel &k
N = Yoot (5 4 KB ol A3} o] B—F#7 e HELHA =7t
t: 57 (mm) A FEio] 9l e}, %% Fiber reinforcements+
&1— €&y ¢ EBIZE (kg/mm?) A+2-5 Binder$} Incompatible 8}7]4 3., Rein-

¥H} KRN AL f9 B4E Fringe valuezt  forcementsE AR £ - ©As 4199, ¥
DEZHS RS EARRRIMENCEME (Photo A8 Binder® A28} 43, VoidE: A3
elasticity) AgAgzA "9 % AA=2A 7] o] &, #3514 o F ReinforcementsE Bond

- geze A5 9o 7] At AHelA B LE EAdL @A
3'2'5 it 8 o o fostx growl et (RWLER R M
FRP7} &8l 3t Mfftke] Fot. ozl S Bl Z)

] bR AP ol By oz 3-3-1 BERIEE
BT A geve Aol 484 #8% 54 A& viehol —JmEtie Ft. Fiob %
o] o}, o}, o] A& Fiber$} Matrixgl Plastic?} #Fo 2

FRPY Mm-S s X9 mgEit: o] Foyxld| A ylQlete FRAQ Aoz AAM
Glass fiber ##19] +4, 29 SFHE, KWK EHEAE HERLEA 230 a8z

B3 pEEEGS RE S 9%& 1A SBe g Wk vebi Rl on, Young's
3-2-6 7] &} Modulus E, BUEUEEMFRE Gt &8l ul3ld
Aed Aol R LY oA, AAA, ok, mebA B EA el A,

Bif fitfeol {LBHMES #EEtke] At 3-3-2 ®Ee R
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FRP7} f#o] 7|28 %2 Q= o4 AFe)
6% 187 elg 9} A4 ol B

A 29 94¢ Quality Controlg3te] A&

BH—-HE A o =l e,

AUFE ol mjol 4] Ew] Test wH 2l Standardi-
zation®] ¥-Zw]Eo] Labst g 3tE AL o7
-t Test g o] Aikst g A Fof e} o]
A Fg—tho]l HA zhasiAd Foln

3-3-3 fEEEH: (Aging characteristics)

FRPE Al83hE 74 = @rpiEtko] 1%EF
2 o k=t FRPO &BeHEtko] & 8=
= ASA fEe] A, WAY: F Fatigue 2
Creeps} #A 9] 7| F27] AT WAK F Wt
ko] FA Ak, WHEMS B Mol Bm
By HES ET7F TA " AB#Lo = Mat-
rix A4 9] #Eo) Glass fiberd] xZo] 9lA| vl
o] &= Formulatione] w2} oz}, guld oz
8L (Aspect) o] 3] Wt ete A A
= A9 #LIA Ferh

- 3-34 L%3 (Safety-factor)

FRPY L&ZEE A48 5 KRAO%ES &
R LT ol MERKY AE WY =&
AFE Aol AH—x 233A gom okdr),
Fel FRP il A TEH 2 AHSHz e
ZERHBE B g3 ZAH® (Table 3.9 3} 2)

Table 3.9 Z##E w2 %

%@ Z b
#OR gnE | mrE By
GERGEE s | W¥
w|H B o P SE:N
FRP 2 [ 4| 5] 5| 4] 10
= 4 4 6 | 10 15
% BB 3 5 8 12
X # 7 10 | 15 20
W, A 20 30 |

4. #W¥ 2 (Fibrous reinforcements)

4-1 Glass fiber
4-1-1 Glass fiber= 1 R A 2]
218128 H16Y. A2E 1978 48

B 5E A7 Hstd EiEdEA B
EHAEL 553 AYgHA e, 253 FHA
oz de AEEx SlE R#EE 19389 vl F
o 0.C.F| 9sto] A7 Asgs 0%
Yt Glass fiber’= Plastics®] Reinforcementsz 7}
A de] Alg=x 9len, Thermosetting resins
o] AF&5 3 90 2 Reinforcements®] <F 909% -
o Wtz S,
4-1-2 #lj:

Glass fiber= Glassi 5ol wel Formulation
FRE BRES dol EiRdlA BEAA RV
o2 HH Marbleg BREAA SERBEE A
23 53] 5[EAH AA FiberiRoz ghEch

o= ol A FigEst Fkel wetA Continu-
ous filament®} Staple - Fiberi ?-{i—%ﬂ-.

ol 21 gt Biigiltol kA (Sizing) & A 7}sled
Strandz. &% MAS ATFRE AR AF
AEg HES Fig 412 4% AZ Az A
S=F verd Aol

4:1-3 {57
a) E-glass

& Alkali gassz A WRMBHEME, WS &
&iko] Fo0 Plastics®] B{LH L BEHERBEH
o2 AREE I Sl

b) C-Glass

Ao #ghhol et BREMD wHold
AgA o] Slonz MEaKE 98 T A
=t

©) A-glass A
2ubE & Alkali glass2 A S, fbbetS
dojAl A al w2 LTol A il & & o=
2 Aol Ax, fHAANE WEAez Agst
£ = AUt
d) S-glass

O.C.F oA HFHOZ Ao} njAlyd, 5
HEERe 2 AH8sta 9lon E-glass Xt} 3|
REREIT 0% 5 A

. e) 7]E} -

ol 9ol HEHoZ HEMZEYM-31A glass,
584 S D-glass o] glvh, M-glass®} zho)
High modulus® 7}A 3 gl 21} BeO2] Toxicity



133

[vRaw Materialsj

I

(Me%ting)
L 1
Marble Melt Direct Melt
Method ' Method
L T
I (Coupling Agent)
(Fiber . Sizing)
St Lre !
a
Fibor E"?ﬁr‘n’éﬁ%“s Bonded Mat
L [ [
(Strand)
J .
a U T T L R
{Twist) (Cut) (Wind)  (Cut. Mold) (Pulverize) (Mold)
R B
Yarn (Mat Binder)
g Enin i
eav ' ,
| flags Glass | Chopped [Robin] [ Ehoppedlfcontinu{[™ 1784 Burface
trand I Mat ous Fiber| | Mat
(Weave) Strand |
| | Mat
‘Robin C’lotﬁ
Fig.4.1. Process of Glass Fiber

w] Fo] BeOE =331 &= Glass fiberz A 25
3 Yo Table 4.1 Glass fiber? o<
el A o] o},

4-1-4 Glass fiber2] #&

a) Bkt

AR Glasstt Glass 71 & 51EBIE "—Fﬁ}?‘l

gk ol A S AR e FIREE} S A
o] Table 4.2 A9} 7ko] Glass HER#ES 5]
RREY R RIS oF 10w shrbel=E
HBME GlasshZ ghEw BHg#E Alolo] ub

o] A7)y wlFol L3I WL BEMELS 3
PEERIES oF 1/20] HAIY 2z B@ Rrobe
A art, Fig. 4.2 Glassk2 IlEBRES} &
el AAe] #AE el Aoldh. Glass

fiber= Fig.30) Ak o] oh& ghifis} vl wst
o BIEMEESL FWolel B =& =)

Glass fiber®] FPEZS-2 7,000~11, 200kg/mm?
o 24 RIS 21, 000kg/mm?e] ¢ 1/20]= ¥ F
3714 ek, o]el gt WE-S Glass fiberg o] £31&
9 £238 Ao w4 Glass fiberr} W B I f#
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Table 4.1 Compositions of Various Fiberglasses'®

E-glass | C-glass | A-glass ' S-glass 1YI\;{;31_
SiO, 54.0 65.0 72.0 65.0 53.7
AlLLO; | 15.0 4.0 0.6 25.0
Fe203 0.5
Ca0 17.0 14.0 10.0
MgO | 50| 30| 25| 10 9.0
B.0O3 8.0 5.0
NaO 0.6 8.0 14.7
2y | os | 1O 3.0
BeO 8.0
TiO; | 8.0
Zr02 2.0
CEZOz 3.0

* BeO-Containing glasses are not currently being used
because of possible beryllia toxidity problems?®

Table 4.2 Mechanical Properties of Glass fibers.

E-glass C-glass A-glass S-glass YM31A

Density 2.54 2.49 2.50 2.49 2.89
Tensile strength, 350 280 465 350
(kg/mm?)
Modulus of elas- 7400 7000 8700 11200
ticity, (kg/mm?)
Thermal expansion 5X 7.2X 2.9X 3.06X%
coefficient, (/°c) 1076 1076 106 1076
Softening point, 846 750 970

0
Refractive index, 1.547 1.541 1.52 1.523

550my, 32°C

Table 4.3 Electrical Properties of Glass fiber

lE-glass l C-glass l S-glass

Dielectric constant 102cycle 6.43
10%cycle 7.11
107cycle 5.21
101%ycle 6.11 6.79
Dissipation (power)
factor 102%cycle | 0. 0042
10%cycle 0. 009
107cycle 0. 0068
10%%ycle | 0.0060 | 0.013
Dielectric strength
volts/mil | <2800
Volume resistivity ohm-cm {2~5X
1012

atatEE 16 H2E 1978 48

Eo] A Ao FIF} FA olAgAE
fel gt Wgoz Abga)of gt
b) BEAER
Glass®] FEEE-L Silica glass®] 7 9o F a7}
= o] 1000 cycled] A 3.7~3.8 Axojt} o7|d]
g A Fo] Eo7bd Table 4.3 48} o] #
el ezt
©) {LBaoiER
Glass fiber= HiB9] Conc H;PO,, HF 0] 2 2
7% spgopEel At stEAFAgol et W
fht:2 C-glass @  A-glass7}¥ 3, E-glass:=
Alkaliel BH3IA %= WiEdke] o=z 4
WE oz deAgsd,

x10
3
500 b
&
<
<
Fel
-
< 400 |
k=S
=
u
—
5
[¥2]
w 300 |
7
<
LY
kS
200 b
100
1 L i
0 20 40 60 x1075

Fiber Diameter (In.)

Curvel-An De Regg
Curve2-Griffith
Curve3-Thomas
Datapoints-Otto
@2300°F, 9000FT/MIN.
(O2300°F, 5000FT/MIN.
A2250°F, 9000FT/MIN.
X 2250°F, 5000FT/MIN.
Fig.4.2. Strength-Diameter Relationships for Glass
Fibers2D

4-1-5 Glass fiber®] EFEEH
a) ¥R (Sizing)

WAk Bk GlassE wlE £x2 33l B



Tensilz Strength {G/lLenier)

Elongation (%)

: E-glass

: Polyester

: Nylon

: Rayon

: Salan

: Vinylon

Fig.4.3. Tensile Strength of Various Fibers

< RZ'y

B tEF o] g RobA StrandE wHew
HEHF L A l{:ﬂ] EREI= ByREFEe

ML MR # == Plasticf] #£EHlz F5I &
Tt
4 R B = Glasssk, Glass Cloth, Glass

tape &9 B4 B WA 2L AL 9%
A e A% Aoz A E—ih (Dextrinized
starch with an emulsified oil) %7} ¢t}

2Rk B4 3 %= Robin, Chopped strand, Cho-
pped strand mat & #HALEE A= %}5’—
Strand 2 3-8 24 Reinforcements® 7}5-5 =74
> 7}E3Ao] 7bksls Strand £4E HovmE
2+-4 Binders} FFntEo] 31+ Plastic emulsiong
A HEEZ AR

b) el Kk
B HEHRKIT Binder®} Glass®] £35S A4

135

8= 2 Plastics®] Reinforcementsz AF£3}7]A
of B (Desizing)ste] obele] FEmgEmE A (Cou
pling agents) & A}-23}e} Binders} Glass®] %
& EA Ao Yok,

HETHS] BRIkl & Heat treatment$} Heat
Cleaninge] B4 &= glom = B\, #%
H, BFI2 A+ Wet method= AH85 =z gt}
Table 4.4 HERBERETES vhebd Aol

KEREA = B8 Chrome $1bA 3 Hik
Silane b4l ek, o] E 2F Fol Fod AL
Lot APt HHAS 5% ChromeREE
HHQl A 9o Crol 24 0.03~0.06%, Silane
9] A $oll = 0.05+0.1%=} 3k}, Heat cleaning
2 3l=l Glassfiberd) 9AR == B E50% o]
a2 A sksl} Coupling agent Ao 2lsly
50~70% 2 3] &}, Figd. 4= KEGEES #
HRERHRS ebd Aol

¢) REREBHR FR

Cloth ¥ glolA F=2 #ilES &FiRE,
B A8 = HYWE, BREE 2 B8R
Fittkoll ot FESI, 2o KEBEEES
BEE oo 7hA] Wel oldte JlEste

4-1-6 ¥
a) Continuous strand roving

o] Z1 2 Glass roving o2} =3}, #hx= St-
rand (57 ER 9.0 ML oF 2004 FHH
o] 3tA®] Strand & Rk eg) ©h) & Cylindrical
package® 72 Zo|t} Type 30 Filament
winding, Pultrusion, Weaving processel| Zt},

b) Woven roving

Glass roving clothe} =% &} Glass roving o
22 F¥-$ Fabricolt}, Woven roving
Molded parte] AF2-3l4 Zxr7t =,

¢) Yarn fabrics

Glass cloth#}t =8l Glass yarne 2 & H-&
Bz A Tk (Plain), #& (Twill), %XTF#&
(Satin) % #AHH:0) 929 Reinforcements®
ALE3E7 Aol REREE e, o2 7kA] Stren-
gth orientationse] ~}&3}c}.

d) Reinforcing mat
Glass chopped strand matz} 3% 3] Chopped

HWAHAEK KONGHAK Vol. 16, Ne. 2, April 1978



136

Table 4.4 Desizing

Temperature and Time lColor after Treatment] Weight Loss
Heat treatment 300°C l Dark brown 0.5%
° IaS)
. Batch st step 230°C 10~-20hrs white <0.1%
Heat cleaning 2nd step 350°C >60hrs
Continuous | 500~600°C 3~6m/min white <0.1%
Wet cleaning l white <0.1%
1. Chrome treatment Birder
A
CH,=C~CH, CH,=C~CH, Ci, —C~CH,
| | ‘ I
C C C
7 \ 7\ 7\
¢] (4] +H,0 0 (0] 0 0
v ¥ ’ [
ClLCr CrCl, (OH) ,Cr  Cr(OH), —0-Cr  Cr—0-
N/ . I\?/ I
] [ O 5 O
H i Glass
surfaca
—S§i—~0=—8i -
2. Silane treatment
Binder
i R Ot
R R
[ +H,0 I N , 4
R — Si —R' OH — Si — OH — Si
| I VRN
R’ OH %) 0
S I
1 1
—— S8 — Q0 ~— §i —

Fig.4.4. Bonding Mechanism of Surface Treatment

strand (1. % 50mm) Random pattern®. & %71 &
=], Continuous strandZ Swirl patterno. 2 27|
o] Resinous binderZ Mat #Ro 2 A& 3 o]
o},
e) Glass chopped strand
Strand & 2=3 9] 7oz Awdt Zojct,
f) Combination Mat )
Woven roving 374 2 Chopped strand matei]

sretB el H16& X2 19781 43

et oz AT Aol
g) Surfacing mat
Reinforcing mat\} Fabric® miA 3k ZHol
£}, o] 2 - Corrosion-resistant RP Product®]
FZo g Ay oldf £9 =3¢ Resin-
rich surface® & < glro},
h) Milled fibers

Glass powderg} 2315 Thermoplastics®] 7%



3} Adhesiveo] A}&3 ™ Cracks A 5348 ¢
£+ 7+ k.
i) Glass tape
Glass cloth®.t} Fo] %27 2 2 Tape winding
o AMg-=+,
4-1-7 FRP &40 v|A &= BT
FRP =+ FRTP9] #the] v]A = Factors®
X Surface treatment, Glassi%%r, Glass$eg,
Fibers®] Zo] @ A4, M4k, Cloth®] Weaving
method, Lamination ¥}3F, Fiber?] &4, =],
gy, A¥zA, Matrix9EF 4 J49 &
HE Fojrh
a) Fibers directionn} Strengtho| |
1) Unidirectional
Fibers7} Unidirectional @ @7 7424
HESAE 80%7HA] Loadingo] 7Hs3ttt,
ii) Bidirectional
o] @ Fibers7} ©}& Fibers®} 2= & 7}A} 58]
= Ao o|w Biasglagtr}, oA folE A=
of wel =z ®|Esl e BRESER T5%7HA
Loading® < st
iii) Multidirectional
o] A%lE RE WFe2 2 ARt 2t
2% 10~50% Loading2 3tr}.
b) Fiber length®} Strength}o] H|%2
FRPe] #ifl it &&= FRP/L B
&), Fibers”} Matrixel A wbA vt oAl sHeol F
3 23EFE AL F Ak o HERER
#ote] BiEES EE, BE, Matrixst BF 5
= BA T ol & Apolol & h&t 7L Aol 4
gt
Lc/Df:‘(Sf/ZT,,

o714 Lc: BER@KE Aol

Dy : @3S ER

Or : KBHMES] BIRBE

t, : BAES BIRREA oA BARIYET

S
4.14) A L FRPO HEMES Jehie

W7 019 9ot o] Leg o] &3t HAM
Frol BEE vEbd Zo] (4.2)4 oz oA 3
AE EAEHe B g,

4.1)
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Lc¢’
2L
714 oc : B FIRBEE
Vi B0 E BAZ B a8
L: @i 29
Lr: BH¥ez £73 g &8
or : #iES] BIERIEE
H(4.2)A-& L>LeolH BaEse] @iEss|
EIREY BEHAY ERda 3

do= Vf(1— )af+ Vadr 4.2)

4-2 Carbon fiber

4-2-1 B

Carbon fiber:= FUBH, U&7, 28] 5 HfEd
ol o Hsbx] EEE EHRET A F OB
#H5ko] utebA] Carbon fiber®} Graphite fiber,
¥gemol vlelA Low Modulus, High Modulus
28] = High Tenacity, Foftell =t2}4 PAN,
Rayon, 2] i Pitchs® Carbon fiber 5¢] =A
o] o,

952 Carbon fibery = o]} 45tk o 2o
Aircraft, Marine craft 22| & Jet engine®] Fan
== Compressor®] Blades% Space industriesol]
EAE = Qlen ¢ez 2 st g™,

4-2-2 [ER}2229

Carbon fiber= 19653 ©] 3 Rayonsk, PANF®
28] 3 Pitch® 371A7} MatrixE  #3&3}=v)
A5 0] $ket,

a) Rayong

o] A& Viscous rayon, #i 9% o}k Rayon,
% AA Cellulous rayon precursor yarng Pyr-
olysis ol Stress® 7}3le] wE Ao 2 A EE
M#F Na B EC] 25ppmo] 3} £[K5ro] 200
ppm ©]|3}7} 733 Carbon fiberE wl==d] d g
sok, olAdfE G HA deomzg oz
Bgristel RILAE T dvte AHol At

221} Cellulous 445 &f-5 HKFEL A
= MR Bol TiE KL Fgel ¥n &
e EEO oF 80% olAte] FAF Folst g
o}, olwl Fof Ao ZRTF2I =4s
71 4149, sebd RES KEBMES 9] 98
A vlad B RIETR s7drt &
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A U.C.C., HITCO 54 F2 B4tz 3
o,
b) PAN Carbon fiber

ol dfx TR olmz AR kLt JHE
Rk ik Z7le] 583 A FAE e
2 v}, Yarn precursor®] KEHHEL 68%,
BALZ 2 40% 24 JR{ETES Rayon® w3
o= Aol EFojr,

BREEF 2ow £l g RKEBETT
248, 384 Faelax F43E o4
o oA BHEESF R EFE hEEEY &
7b #Eol2t sk, zE v 2,000°C o] el A
i3k Carbon fiber7}= = Carbon &4H &% 99
% AE7t o] LEREEE Az FFI=
EEES

1969 d0] 4715l UCCY Th-3002 Elastic
modulus7} 34 X10%psi, Tensile Strength”} 360,
000psit} =5 Acrospacet} Commercial market
o Agg g gu,

¢) Pitch® Carbon fiber
Pitch precursor: 7}7 o] sti= Aol A <914
wx glen) Al RIEKFEE 900°C o} 4]

Lol A AR AA EHEEMES PitchE ohA]
SAE fA o2 REGHE Az fKibEo]
8 ke Aol FAolw. ol A WBEhhifik
o7 RS B ALAos TRk A
3t BHiFl BREERS B9 8 Fo Bt
et ki 53 foldtn RETRS #Hel
Wol| o] F-ozc},

19754 U.C.Col Al A Lo 2 VSA-11 olzt=
HM pitch#] Carbon fiber& 4713131 2= Elastic
modulus= 55X 10%psi, Tensile strengtht= 200,
000 psio] =

d) 7|t

ol 49 37kx 8ol = Lignindl, PVA#|, PE

A, PBI, Acrylic, Poly acrylonitrile. Poly phe-

LT

a4 4

=3

nylenetriazole % Precursory organic fiber= ©}
A 0,

4-2-3 BIgEH 9 N

a) Carbon fiber= = BiEJke] wlebA

Carbon fibers} Graphite fiber2 ¥ 3}=d] o]

o188 8 X162 H2& 1978 48

Z1-& Carbon fiber®] Crystallographic structure

of 9§ FHo] o}yl Heat treatmento] w}a}

A FEEE Aol F #x 1,700°C7A A g

= 72 & Carbon fibergb 3t 3, &2 2,500~2, 50

0°C7tA] A8k 7 & Graphite fiberzlz F-Zc}
b) Heat treatment

ok 1,100°Cel| A A gt oz A=) = Carbon fiber=
Optical activity, Small crystallite sizes, Preferred
orientation 28] 32 Graphitizable &=}, =8z
1,800°C7}A] A qtoll A} &2 5 Degree of ordering
o] 718}, = ZFE I Carbon 942 Bonding
structure & 224 AL JAxn 2 Fzo
Warrene] =t&}+= Turbostratic graphiteo] THgt
of, 83 2,200°C o] Aol A A=l etw Three
dimensional orderingo} Yte}vb 7 Fz2 & Gra-
phites} BA =},

Z 2,000~2, 200°Cell 4 A ] §F Pyrolytic grap-
hite?] Interlayer spacing 3.44A 0 24 Classi-
cal single graphite®] 3.354A%} §-A}3}c},

Table 4.5 Carbon fiber9] processingg 1}Ef
W Aol

Fig 4.5 Heat treatment®} Mechanical pro-
perties®] A& vield Ro| ),

4-2-4 piHE
a) Low modulus carbon fiber

Low modulus carbon fiber= High modulus
carbon fibersh= de] MHEMES A g A
o 24 Table 4.600 A9} 7ro] HMAY ME 2
3 Glass fibero] ¥]3le] §Ao] Qirkz 1w
o 1} thie] Az, MBRGEIT domz
BT #ES] Reinforcementszt kAo A] B
sHEZRER] Holvel, 28] skt B
Fetkol Fob AL "% f83)).

b) High modulus carbon fiber

High modulus carbon fiber= 19674 U.C.C
ikt A 83 REEBEEFEAN A “Thornel” o] 2}
T AEHeR AL $3eF A g B9
Ao F e,

High modulus carbon fiberi= Reinforcement &
A Glass fiberol| u]dte] o 4~Oul o HiEM:
FIE ehie, @) ¥she] BEE ok 3u)
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Table. 4.5 Maximum Processing Temperatures and Characteristic Interlayer Spacines for Commercial

and Experimental Fibers and Fabrics

Prefer-
Manufac-{Commercial [Maximu- |Precu- (Specified Filam-|% Expa-jred R As d As Heat |Interlay-
turer Designation |m Proc. |rsor |Composi-'ent  [nsion Oient- 1 etcellve Received | Treatme-er
Temp. tion Diam- | From |ation [™'°T8Y"! REF. | Density nt Spacing
eter  |25-1500° FWH eg . (g/cc) |Conditio| dcoon™*
(zm) |C M(=+)| Pacne ns
deg (002)
HITCO [HMG 50 >2600°C Rayon {Graphite| 6.6 0.12| 18 (3.42 16 .71
HG 1900(3 {1200~ [PAN |Carbon 3. 415 X 1.75+
2, 000, 000 1400°C| 0.02
psi modul-
us)
HG 1900(8 [>2600° [PAN [Graphite 3. 389 xx  [2.00+
0, 000, 000 C 0.04.
psi modul-
us)
CY2-1 1200~ |Rayon [Carbon 1.8
1400°C]
GY2-1 >2600°C Rayon |Graphite| 7.6 1.5
G1550 2480°C!Rayon |Graphite 3.39 17 |1.47~ [2815°C/ 3.29
3. 415~ XXX 1.54 0 hrs
3.427
SS 1962* {1200~ |Rayon |Carbon 1.86
1400°C
SS 1965* >2600°C Rayon |Graphite 1.5 |
SS 1966* >2600°C Rayon |Graphite 1.44
SS 1773* >2600°C Rayon |Graphite 1.5
Carboru-|GSCY 2-2, | 1650°C [Rayon [Carbon | 10.2 | 0.57 | 68 1.50
ndum  |2-5, 2-10,
2-20, 2-30
GSCY 2-2, [>2600° [Rayon |Graphite 1.5
2-5, 2-10, C
2-20, 2-30
Union  {Thornel 25 ;>>2600° iRayon Graphite| 7.1 0.151 20 3.50 18 |1.42~ |2900°C/ 3.4
Carbide Ci 3. 466 19 1. 47|10hrs
Thornel 40 [>2600° Rayon Graphite| 6.7 3.48 18 |1.54~ |2600°C/ 3.43
C| 1. 56/10hrs
Thornel ~>2600° Rayon |Graphite| 6.5 [0.08, 14 13.41,3.420, 18 [1.62~ 2750°C 3.47
C 1.77 8, 3.42, |16, 19 1.71
3. 461
Thornel >2600°C Rayon |Graphite| 5.6 0.08 10 3.37 20 {1.82~
1. 84]
Thornel400 {1200~ |PAN [Carbon 3.48 20 1.80
1400°C
VYB ~1600° 'Rayon [Carbon [~3.8, [20, 18 1.65 | 2750°C| 3.55
C 4.19
WCA 2800°C{Rayon [Graphite 1.46
WCL 2800°C|Rayon |Graphite 3.41 17 11.43~ |2815°C/ 3.42
1.46 Ohrs
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Morg.;mi- Modmor I [>2600° |PAN |Graphite| 7.8 0.14 | 20 |3.45(Co- 21 1.87~ 2750°C| 3.46
te Mod- C nt) 3.47,| 18, 19 1. 96
mor Ine. 3. 475
Modmor II [1500~ [PAN [Carbon 8.1 0.21{ 30 §3.50,3.5| 20, 18,|1.71~ 2750°C 3.45
2000°C 7,3.452,] 19, 16, 1.74
3. 44 21
3. 48
Modmor  |1000~ [PAN iCarbon 1" (Cont)
1T} 1500°C 21
3. 50 1.78
(Cont) .
Polycarb-I\GSA 1200~ |Rayon [Carbon 3.42 17 1.45~ | 2815°C| 3.40
on 1400°C] ) 1.50; /Ohrs
Celanese [GY 70 >2600°C PAN |Graphite 1.96
Hercules [HT 1650°C{PAN [Carbon 7.3 1. 74~
(Courta- 1.78
ulds)jprg 2600°CPAN Graphite| 7.5 1. 89~
l 198
Kureha [KCF-100 | 1000°C{Pitch |Carbon el e ~3.8] 20 | 158
KGF-200 2000°CPitch Graphite- Ll ~3.8 20 1.6
Carbon |
Great (C-Yarn* | 2600°CPAN |Graphite el el 3486 19 ’l 1.95
Gakes IRYarm* | 2600°CPAN (Graphite o o 34880 19 ! 188
Fortafil >2600° PAN |Graphite! 7.5 0.17 | 18 3.42 16 : 1. 90
P sy C |
*Experimental

*+ Discontinued
* Full width of the intensity versus angle of preferred orientation curve from at one half the maximum intensity.

x Lc=20.9A4 (D. Mancely, HITCO)
xx Lc=160.6A (D. Mansaly, HITCO)
xxx Lc=27.2A and 31.2A respectively (D. Mancely, HITCO)

g

ZAE+E <k 108+ =#loh, High modulus carbon
fiber= Rayon, PAN, Lignin% #&#t 2 Pitch
T AEmE Rz e SRzl s
daled Rib =& B#Hbsto Azstz ot
Bl A &= Viscous rayon, Acetate rayons 2k
Cellulous ##ft2 g =23}s], Yarn, Cloth,
Felt, Fabrics & zi & R1b3ch.

Table 4.7 A A3tz ¢l High modu-
0 . " . : lus carbon fibers& el A o)},

1200 400 1600 1800 2000 2206 2400 2600 X .
4-2-5 Carbon fiber reinforced plastics

Tencile Streogth #8;x103(1b/1n2)

foung's Mocslus {E)x1075{1b/1n7)

300 p

Heat Treatmant Tenrersture

a
Fig.4.5 Effect of Heat Treatment Temperature on ) BR . .
the Mechanical Properties of Carbon Fibers Carbon fiber reinforced plastics:= —it FRP<}
at Room Temperature Wme w7 WERES 5% 579, —# FRP

sHat3 8 M16H F23 19784 48
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Table 4.6 Properties of Low modulus carbon fiber

Properties Cellulous PAN Lignin  Pitch(KGF-200) Pitch KGF-100
Diameter (t) 9.5 9~13 10~15 10 10
Tensile strength (kg/mm?) 85 60~90 63 100 100
Elongation (%) 2.0 1.2 0.8~1.5 2.3 2.2
Modulus (kg/mm?) 4,200 5000~7000 6300 7000 7000
Content of Carbon (wt9%) 90 90 90 99.5 99.8
Desity 1.53 1.7 1.5 1.6 1.6
Sp. Area m?/g 130
Volume resistivity 1073Q-cm 6 3.5 5~10 7 3
Thermal expansion coefficient 3~5 3~5 1.7 1.5

(106/°C)
Oxidation temperture (°C) 410 420 500
Table 4.7 Properties of High modulus carbon fiber
Raw material 7 Tensile strength Modulus Diameter Density
(kg/mm?) kg/mm? ()
Rayon Th-50 200 35, 000 6.6 1.65
Th-75 240 35, 000
PAN A 195~280 21000~-23000 7~8 ~1.7
HT 245~300 23000~29000 7~8 ~1.7
HM 215~245 35000~50000 7~8 ~1.9
Th-300 253 23900
Pitch VSA-11 141 38670
Boron filament 320~350 40000~42000 105 2.64
S-glass 350 90000 2.5 2.55
PRD-49® 280 13200 12 1.45

(1) PRD-49 : Organic fiber made by Du pont.

S Ao hE KBS A Sled F
A7 7b s, BERo s, BEIF 23, #AE
o] anz Be] wzmg HEEEETL oF
4} =9, fES] o dt Crack Aol * =,
MEEFEMEST o] Ff,
b) Carbon fibero| FKisR=E At HMAMER

Hake BrkozA WEEBEE 1 F8
&}, Carbon fiber% FHEEEE 31E%|, Whis-
kerizing 3t/ =19l BUEEREESL Eobzlvt. Table
4.8 Th-25% Composites®] KBS BIET
mEeols)  AAE Vb Zold, Fig 4.6%
Whiskerizing®} 3UETREHS] A& epd A
o] o},

¢) Ablation 4k
Carbon fiber composites®] Ablation FE =
et v g4 g e Holve o3
7} Rocket 2] Ablation #kteA 233
Wl th(3.2.2, a)@=E)
Table 4.9 Carbon composites$} {ifi Ablation
material & B 23 7 o] o},
d) g
Carbon fiber compositest K&, SEMHEZ,
BEREE, Eirtke]l Eom g HimR, Rocketifi
Ablation#1¥}, Bearingi&Z/8 Container 5ol A}
£5v], 283 BRAREES) R FER,
BEgtkel £omz BHE T BEME, (LB
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Table. 4.8 Relation between Surface Treatment and
Shear Strength of Thornel-25 composites

Whiskarized Tnornel 2§

© Thorrel 40

Whijkerized RAS Fider

* RAF Fiber (%4}

Fiber {t8)

RAF

Fiber Modulss (Ps<x10-3)

Fig. 4.6 Effect of Surface Treatment

BRI Sk BER kel A2

e) 2HH

15203
Surface Resin [Densi Shear strength
Treatmen ﬁ(;nte- t(};/ Average Range 12500
(%) | em®)|— Tk N -
(pSl) ‘(ﬂi{lz) (psi) I(mgn/lZ) 1m0,
43 |13 | ag00 31| P0| 25 &
26 | 1.32 34008 2.4 | 3500 ’ 25 w
70% HNO: | 48 | 1.3t 54004 3.8 (3500 39 -
; 0
70% HNO; | 36 | — i 60001 4.2 | S400 | 42 ’
Water Wash b 4000 | 2.8
(3%) 42 1.37 | 3900 2.7 3700 | 2.6
Water Wash b 4500 | 3.2
(10x) 42 1.37 | 4200% 3.0 4000 | 2.8
Water Wash
3x 30 | 1.40 | 5200 | 3.7 50| 39
+60% HNO;y | -
Water Wash
(3%) 48 | 1.35 | 6100 4.3 | 52001 4.2
+70% HNO3 .

b : Shear failure

¢ : Tensile failure

aL

A,

Carbon fiber compositesi= Fig 4. 79 A 9} 7to)
Ptkel AA7F =2 fiibbeie]
o|7} zek, webAl A& uiel o] REEHE,
Bt mtEe] —1este] MY ¥H—fke] qH L&
Folofste A Q.CF 27k,

v 3t BREAL

Table. 4.9 Candidate Ablative Materials Traded cost : 1978
Compres-| Erosion
LSM Experience and | Density | Thermal | Tensile [sive Rate Cost
Currently in Diffiusivi-{Strength [Strength |(mils/ in
Production (Ib/£t3) |ty (10%1b/ |(10% 1b/ |sec at Place Motor Tests Location
(ft2/hr) |ft2) ft?) €=3) | ($/1b)

Carbon Phenolic 90.5 0.1047 1.94 3.96 0. 6| 37.71158s; 260s; Entrance: Throat;
Polaris; Poseidon;|Exit Cone
'MM; | Titan

Silica Phenolic 108.0f 0.0070 2.10 4,46 6.8  11.08/120in; 156s; 260s; Entrance; Exit
Titan, MM: Cone, Insulator
Polaris; Poseidon

Glass Phenolic 114.6/ 0.0062 2:16 5. 04 19.5 6. 66/156s, Titan Exit Cone,

Insulator

Asbestos Phenolic 101.7| 0.0062 1. 44 3.17 19.5 8. 28Polaris; MM; Exit Cone Backup
Nomads; TU379 (Insulator

Graphite Phenolic 89.5 0.185 1.8 1.8 0.5 40. 3(156s; Poseidon; |Entrance; Throat;
Titan, MM Exit Cone

Alternatives

Double Thick Carbon 90.5) 0.0047 3.24 5. 04 0.6/ 35.75Nomads* Throat; Exit

Phenolic Cone; Fwd

Low Purity Double 90.0:  0.014 3.4 5.1 0.8  43.02Nomads Entrance, Throat

Thick Carbon Phenolic | Exit Cone

Carbon/Silica Phenolic 94.8 0.0093; 0.72 2.88 1.8 25 48‘Nomads Entrance; Throat

S8 Te M1 M2B 1978 43
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Pitch Carbon 83.01 0.105 1. 6] 3.2 0.6 <13.00!
(est) (est) (est) i
Paper Phenolic 83.0; 0. 0055 1. 24 3.50. 19.5,  5.85Nomads; Entrance
| Tu 379%%*; Exit Cone
’ru 622***
Canvas Phenolic 83.0 0.0054 1.13 2.92 15. 2. 6. 27|Nomads; Tu 379 |[Entrance;
Exit Cone

* Material Screening Motor Dr=8. 12 *k

***xMaterial Screening Motor D1=1.40—1.74

tnidirectiinal PRD/Epoxy

Qnidi rectional
cron/Epoxy

304

Unidirectioral
Graphite/Epoxy

(D unidirectional

Glass/Epexy

OA1
O Stee!
Q  Chopped
O PRO/Epoxy

Choppad Giass/Epoxy

Chopped Graphite/Epdxy
.

N 1 i

1o 3c0

0

1
a 2500 439 s0n 600

* Madulus (105 in®
Fig. 4.7 Relation Between Specific Strength and
Specific Modulus

Material Screening Motor Dr=0. 34
(NAS-28430 Vol. 11 Book. 1)

4-3 Whiskers

4-3-1 B%

Ceramic whiskerst %45 54 (Single crystal) &3
2 4] Sapphire, Silicone carbide, 2] = Silicone
nitrider} ®EZ 3 on, Beryllium oxide,
Magnesium oxide, Carbon whiskers 5-& /&
A A s gl 28 3 Metal whiskers®] 7%
de dubdez BERLHELE (Filamentary
polycrystalline) o] o},

Whiskers® Density7} Z52, Strength7} =27
o #-of Reinforcements® ]l & fhkjol b
Aol 7t i Ao] vy W Fe] ZR&EE A
g s e

4.3.2 HH
a)Eme MR

Ceramic whiskersi= fiffktel vlste] Eigol
A GlaERREE Sl B ModulusZt 39, #iRel A

Table. 4.10 Data of whiskers

Whiskers Diameter Dens}tgv UTS Specific  UTS Modulus Specific Modulus
(mils) (1bs/in%) (10%psi) (10%in) 108psi 105in
AlO3 <0.1~0.3 0.143 1000 7.0 70 489
SiC 0.1 0.114 3000 26.1 70 608
SigNy <0.1~0 4 0.114 700 6.1 40 350
o By 3, sker®] wtiAf# o Fzotel HAE AR A
Table 4.102 = #EE vebd 7o)}, o] o},
b) Aspect ratio®} 3ZEEQ}e| T ©) FEARED REEQLO] TAH|
HAMES]  Reinforcements 24 Aspect Fig 4.8& a-AlLOs9| #ERBREHA= #ESt
ratio’} & Zo| v}k sly] Whiskere] 7 %% 9] A o] o},
w27 bA 2 g A& FE mEy)l a3} 4-3-3 Whisker reinforced composites

Fig 4.8, Fig 4.92 ALO; whisker$} SiC whi-

Whiskerst 29 FHz9 WadA o

HWAHAK KONGHAK Vel. 16, No. 2, April 1978
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Cross-Section
Roint of Whisker

Tensile Strength (10% Psi)

Mo <o
— . (=3
Cress Sectional Ared (u2)

1000

Fig. 4.8 Relation Between Tensile Strength and
Cross-Sectional Area of a-Al;0; %.20

e
= 15
5 * .
& 8
& <
s 6 ~
<
ped 'y >
IV r < . v
@ LS
o o~
ey 2 i
)
3
- 4]
160 1200

10
Cross Sectional Area (u2)

Fig. 4.9 Relation Between Cross-Sectional Area
and Tensile Strength of SiC Whisker .20

Aerospacef] Compositeso]] = 7} & 14 o}
stek, | zEv Size, 4A 9 Xolst 23, Fho]
A B3l nxd JEE e, JHEH
FAAY S} o Snz 2827t ARz

Whiskers= t}& Reinforcements?} 5|53ERE
2] |5 kel AFEE Aot ke, BHAVRE
BrbE AENQ Btk S EENE ERiE AEE
e 5Aeo =z HARLEZ Jlon EiE Mod
ulusell =LA @3k, Fig 4.10& 4% BHER
it EaHBS FIRBES HHE Modulus®]
A% Frd Aok

22138 A16H H2= 19784 43

10F I
= 9 A1203 In
= 8F  Aluminum P/ whiskers
s SE . /&C/Aluninan /4
=)
= 5 class Resin [ . [[Jcontinows
. ¢ -/ p | /Boron/Resin Filament
4} /
g D / Carbon/
MR Resin
o 4
g 2 ['steet A1203 In #Beryllium
v i Nicke} Boron/Aluninum
Ti “Be In A}
]
? on/Nickel
1 [ Aruminem, A R
1 2 3 4 5 678910 20

Specific Modulus (108 in)

Fig. 4.10 Potential Room Temperature Strength
Properites of Conventional Alloys and
Advanced Fiber Reinforced Composites 27

4-4 Metal-Ceramic 3! Asbestos Fibers

4-4-1 Metal fibers

Metal fiberso] = Al, Nb, Ta, Ti, Fe, 2.8
3 W fibers 50 glor, = Az Melt
Drawing, The Conventional Wire Drawing Te-
chnique 8] 5= Taylor # %o} At

& & Brunswick Corporationo]] 4| Oxides$} ¥
7] Metal wiresE OrificeZ £3} Drawingdlo
Fine filaments® A A3l Wy & Adstg o
o]u] Nickel base super alloy, Tantalum ¥ Fe,
fibers S-o] A5 2.9 t4?®, Brunsmet MF-A;2
18-8% Stainless steel2A] 8,12,2548 F49)
Fibers7t 9l 2 0.5p2) A= A& 7F53kel, Table
4.11& Metal fibers?] 43S Jepd o]},

4-4-2 Ceramic fibers
a) Ei¥f

Cermic fibers¥ 4 L H (polycrystalline) Fibers
24 B RE Ceramic whisker} Metal whisker
9= ctad, £ fHHE Ceramic fibers®] o 24 <l
Aoz 83 & Aol Ack(Table 4.123 2

b) Zirconia (Zr0:/Y:C3)

Zr02/ Y03+ Polymeric fiber pfecursor process
of 9J3le] WA= ok SEE¥S Y.07F 2§
=ef gle,

Zirconia fiber= B|3EIREE} 300, 000psiz A A&
BB o] wond st (ATEH) & 7HA
o] dojAv, EHERBAEA oF 2,590°C F-27t
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. . Density Specific ’ Specific
Filament Dl:(innlxﬁl:;r . (110J3Tssi N U.T.S I(V{(())céuh;?) Modulus
(g/cm®) (Ibs/in%) P (10%in) | P (10fin)
Al 6.0 2.7 0. 092 13 0.1 10 109
Nb 6.0 8.6 0.308 50 0.2 15 49
Ta 6.0 16.8 0. 594 48 0.1 27 | 45
Ti 6.0 4.5 0. 161 78 0.5 17 , 106
Fe, 6.0 7.9 0. 282 347 1.2 30 ﬂi 106
w 6.0 19.3 0. 690 420 0.6 50 73
Table. 4.12 Data of Ceramic Fibers
3 . Density Specific Specific
Filament Déxranq:ﬁ;er (}Jozii) U.T.S “’I(‘;%g’luf) Modulus
(g/em® | (b/ind) (10° in) ps (108 psi)
Al03 9.0 4.0 0.143 380 2.7 40 280
BN 0.3 1.9 0. 068 200 2.9 13 188
Zr0, 4.9 0.175 300 1.7 50 286
TiBy/w . 150 70
B,C/W 2.5 2.7 0. 095 390 4.1 62 650
Be 5.0 1.8 0. 066 185 2.8 35 530
A AL  gloneg Jeth, Missile 59 iR 4-4-3 Asbestos fiber
Bi#cbf, Ablationo] 93 HBBREE Fdo=z Asbestos fiber= THEMBIZA vi$ FHHN3
3 AEMKEA 8714 A%E 23 gl S5 E A2 gk olAE TRE BiE=A

o},
c¢) BN fiber
Z6 Carborundum jitoll A 7| w3k A -f-24 o
- Mol Fa, MW Wt 2 HiRlA ER
fBggtkel A, AEME £ A 2,450°C7HA]

gk Fol el e 900°C7HA]l Qb4 skt
BN fiber 309% (vol)¢} Phenolz}e] # & #tkh2)

Flexural strength:= 23, 000pistt =} LubAd o
2 Matrixol] 3] Wettability} Ymzz F-A
Aol At
d) Al,0;/8i0; fiber
ALO4/Si0, fiberz = EE Carborundumijit 2]
Fiberfrax, Babcock & Wilcox jike] Kaowool,

Johns-Manville Co. 9] Cerafiberdo] A==
sith.

Table. 4.13% Kaowoold] 44 & v A
o).

o] E7HA 7 . HH-fEHE HAMKS Reinfo-
rcements 2 Fillerg A oA X8 Al&=o] st
o} 9. %3 Asbestos$} Glass cloth® w32 A
%3}« Phenolg matrix2 SHESHEIT FHEM
729 #EiERR] S 5 gl o 53] Ablat-
ion BBVHESL Ft
Asbestost= Chrysotile,

Crocidolite, Amosite

Table. 4.13 Properties of Kaowool

Compositions (%) AlLO; 45.1, Si0O, 51.9,
Fe,0; 1.3, TiO, 1.7,
NasO 0.2, B,O; 0. 08,
Ca0 0.1,

Length (in) <8 in

Diameter Av. 2.8y

Temperature of Application 1100°C~1260°C

Melting point (°C) 1750°C
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Table 4.14 Process, properties and Appilcations of Asbestos reinforced plastics

Phenol/ Epoxy/ Polyester/ | Melamine/ | Silicone/ i(Polypropyren-
Crocidolite | Crocidolite | Crocidolite | Chysotile Chrysotile [e/ Anthophy-
Felt Felt Felt Cloth or Paper | Cloth llite Fibers
Processing pressure psi 1000 210 300 1000~18000 | 300~200 —
Processing Temperature °F 320 212 250 270~320 350~400 —
Tensile strength 1000psi 28~32 20~22 24~25 I 6~12 — 5~6
Flexual strength 1000psi 57~58 42~43 44~45 12~24 12~16 7~8
Compression strength 1000psi 26~28 30~31 24~25 27~50 40~50 —
Young’s Modulus 1076 psi 3.25 2.8 3.06 1.6~2.2 — 3~4
Specific gravity 1.86 1.6 1.7 1.75~1.85 1.75 1.22
Deformation temperature . . _ 905
(66psi) °F - - -
P Pipes Couplings [Rocket nozzle| Circuit plate | Shield Duct of
Application Automobiles| Elbow Heater
Electrical (automobile)
parts
T W7 ot B HES chrysoliter}

7}#& o7, Density 2.4g/cm?, Tensile strength
150kg/mm?, Modulus  18000kg/mm? & % o]},

Table 4.142 Composites®] A L% s}l2 =z
A€ vepd Aol

4-5 Boron fiber

Boron fiber= Tungsten 0§09 Borong #%#
AARERA o2 WS- BEF 23 RHEE] A A
FHEH HakzA 8% A9 F AA
3 vk, 28]z Boron fibere] T (. 125~
0.15mile] SiCE Coatingd “Bosic”©] Hamilton
Standard Div. of United Aircraft Corpell 4] 7]
ks 9 v} (Fig 4. 11~Fig 4.15% %)

e~ B4C/AVumi num

3

= 7 h.”_ Boron/Res in
.§ Ghss llesi

?’,. Carbon/
E Resin
=3

i

o

T A1203 In mBeryllium
g ¢ uﬂ Nickel i

2

&

Ny snmnmun num
S~ e 1

IT1

.Ah-nm.n

D b Bomn/Mckel

N 2 3 4 5878910 20

Specific Modulus (108 in)

Fig. 4.11 Strength of Various Composites at Room
Temperature

oiar2 8 H16H X|2% 1978 43

1-A1 ’03(Wh1skers)

13 2-Carbon
2k 3-Tungsten
1 4-3iC

10k 5-Boron
9 6-S-Glass

(Continuous
Filament)

Tensile Strength (105 psi)

—Tro WHS O3 N
2]

1 il
2000 3000
Temperature ( OF)

1000 4000

Fig. 4.12 Relation between Temperature and Te-

nsile Strength

o
% /A1203 Whiskers(a erage)Value:;)
i From Kelsey and Krock
& w0 ( Y
§, Lockhart\ jrconia(Polycrystaliine)
£ (Horizons),® After Lachman and Sterry)
= 10} Boron Nitride
© (Carborundum
W
A
[
& 1 L 1
1 10 100 1000

Cross Section Area (pz)

Fig. 4.13 Relation between Tensile Strength and
Area
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specific UTS (x106 1n)
-

* Si0p

* S-Glass

* £-Glass

o K-Glase

LR F13Y

. 2r0;

, o8B

Borsic »
* ByC

“Be
o:iC

29 &0

£2

Spacitic Meduius (x167 {n}

100

Fig. 4.15 Specific UTS Versus Specific Modulus for

Yourg's Modulus (xme Fsi)

Fig. 4.14 UTS . Versus Young’s Modulus for .
Filaments (Cy-Morganite Carbon = Fiber,
Cr-Union Carbide Carbon Fiber).

Filaments (C,~Morganite Carbon Fiber,
Cr-Union Carbide Carbon Fiber).

Boron fiberi= Multiphase filament® 4] B,C,
SiC, TiBpst vlEel 2 &= A3 24 79
A oh(Table 4.15 4.16 F2)

Table 4.15 Physical Properties of Various Filament Types

Filament M.P Densit Tensile | Specific [Modulus | Specific |S/E ratio} Price Cross
" oo B S S v | | o | R
_Continous Glass
E-glass 703 1290 | 2.55 0.092] 500 5.4 10.5 11.4 | 0.048 0.50 10
S-glass 843 1540 ; 2.50 0.090] 650 7.2 12.6 14.0 | 0.052 1. 00! 10
4H-1 900 1650 | 2.66 0.095 730 7.6 14.5 15.1 | 0.050 nd nd
SiO, 1660 3020 | 2.19 0.079; 850 10.8 10.5 13.3 | 0.081 30 35
Polycrystalline
Al O3 2040 3700 | 3.15 0.114] 300 2.6 25 21.9} 0.012 nd nd
ZrO; 2650 4800 | 4.84 0.175 300 1.7 50 28.6 | 0.006 nd nd
Carbon/Graphite 3650 6600 | 1.50 0.054; 350 6.5 30 55.6 | 0.012 500 5
BN 2980 5400 { 1.90 0.069] 200 2.9 13 18.8 | 0.015| 175 7
Carbon (RAE) 3650 6600 | 2.00 0.072 300 4.1 60 83.0| 0.008| nd 8~10
Multiphase** o
B 2300 4170 | 2.36 0.085)" 400 4.7 55 64.7 | 0.007 | 1,500 115
B,.C 2450 4440 1 2.36 0.085f 330 - 3.9 70 82.4 | 0.005 nd nd
SiC 2690 4870 | 4.09 0.148 500 3.4 70 47.3 | 0.007 | 4,000 76
TiB, 2980 5400 | 4.48 0. 162! 15 0.90 74 45.6 1 0.0002 nd nd
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Metal
W 3400 6150 | 19.4 0.697| 580 0.8 59 8.5 0.010 710 13
Mo 2620 4750 | 10.7 0.369] 320 . 0.9 52 14.1 | 0.006 630 25
Rene’ 41 1350 2460 | 8.26 0.298 290 1.0 24 8.1 0.012 600 25
Steel 1400 2550 | 7.74 0.280, 600 2.1 29 10.3 | 0.021 50 13
Be 1280 2340 | 1.83 0.066| 185 2.8 35 53.0 1 0.005 |10, 000 127
Discontinuous (whiske-
rs) Ceramic
A0 2040 3700 | 3.96 0.143 3000 | 2.2 62 | 43.4| o.048 290 | 3~10
BeO 2570 4660 | 2.85 0.103 1900**| 18.4| 50 48.5| 0.038 [11%090.] 10~30
B,C 2450 4440 | 2.52 0.091 2000 21.9 70 76.9 | 0.028 nd nd
SiC 2690 4870 | 3.21 0.116] 3000 26.1 70 60.8 | 0.043 |200~500] <1~3
SizN, 1900 3450 | 3.18 0.115 2000 17.4 55 47.0 | 0.036 nd nd
Graphite 3650 6600 | 1.66 0.060] 2845 47.4 | 102 170.0 | 0.028 nd nd
Metal
Cr 1890 3430 | 7.20 0.260, 1290 5.0 35 13.4 | 0.037 nd nd
Cu 1083 1980 | 8.92 0.322) 427 1.3 18 56| 0.024 nd nd
Fe 1540 2800 | 7.83 0.283 1900 6.7 29 10.2 | 0.066 nd nd
Ni 1455 2650 | 8.98 0.324] 560 1.7 31 9.6 0.018 nd nd
(A. Levitt, Materials Research & Standard 6(2), 64(1966))
Table. 4.16 Propesties of Composites
Carbon-Epoxy | Boron-Epoxy Borsic-Al Borsic-Ti
Density (1bs/in%) (g/cm®) 0.056, 1.54 0.075, 2.1 0.1, 2.8 0.13, 3.6
Tensile Strength (103psi) 130 225 190 175
Tensile Modulus (10%psi) 30 RYA 31 31
Specific Strength (108 in.) 2.3 3.0 1.9 1.3
Specific Modulus (105 in.) 530 450 310 260
Flexural Strength (10% psi) 104 260 220
Flexural Modulus (108 psi) 24 40
Shear Strength (10%psi) 2.5,7.5% 13%, 9.6 14~18 15
Shear Modulus (168 psi) 10
Compressive Strength (10° psi) 90 350 300
Compressive Modulus (10° psi) 34
Transverse Strength (10° psi) 9 14 12-15¢ 40
Transverse Modulus (108 psi) 12
Impact Strength (Charpy) (ft-1bs) 10 10
Poission’s Ratio 0.22
Use Tem (°F) 4504 4501 600 700
Therm. Exp. Coeff. (108/°C) ~0. 73 3.3f 4f, 242
Erosion Resistance Poor Good Good Good
2—Thornel 50 fiber—treated, b—Morganite II fiber-treated, c—Morganite I fiber-treated, d—Can be raised by

using polyimide, e—Can be increased to 40,000 psi by using titanium foil with plasma sprayed aluminum, f—
Direction parallel to fibers axes, g—Perpendicular to fiber axes.

statRsl Hi16H X2 19784 43



4-6 Kevlar Aramid30.3!.32.39

4-6-1 E¥%

Kevlar= Plastics reinforcement® A}235] 31
D= 9T Aramid fiberz 4 Kevlar 299} Ke-
vlar 497} it}

Kevlare = {b2#E7F 484 A gort
Kevlar 49& Poly (P-phenylene terephthal amide)
7t MEl ol AatEeigdch, FE&  Kevlare
Radial tire®] Steel wiret] 2ol A}&317] 93}
AgsEgont Ag 4% 2 Lx7 FA3
F7V8lz 9 om 9 54 Plastic reinforcementZ

oA FEEE A st lokx slx Fale] o

149

o},
4-6-2 BH

" Kevlare Density7} ¥z, Modulusy}ae o}
£ Reinforcing fiber ¥.t} Specific tensile strength
7} A4 =2, Tensile modulus: 19, 000, 000psi
Z4] Glass fiber 2} 4 =3, Toughness:
Glasst} Graphite fiber R}z cd, 28 3 Useful
temperatarez} —320~500°FZ Zoly e, Fla-
me resistants}e fifgERME] o] -$Fch,

Table 4.172 Kevlar?] A A 2} t} & FiberE H]
238k o]t} Table 4.18, 4.19 Bond Strength
F VR Aol

Table 4.17 Comparative Fiber and Yarn Properties

Nylon Polyester Nomex Fiberglass  Kevlar 29 Kevlar 49 _
Specific Gravity 1.14 1.38 1.38 2.50 1.44 1.45
Rupture Strength (psix1076) 6~9 6~8 5 9~10 20~25
Rupture Elongation (%) 15~25 12~20 15~20 3~5 4
Initial Tensile Modulus (psix 1076) 0.6 1.8 2.5 11 10.5 19
Bending Modulus (psix 10 0.7 9 8
Torsional shear Modulus (psix1076) 0.04 0.08 0.17 0.27
UTS (psi) 400, 000
Ultimate elongation (%) 2.0

Dana B. Eagles9] : Interfacial Properties of Kevlar-49 fiber reinforced thermoplastic, Journal of Applied
Polymer Science Vol. 20 435-448 (1976)

Table. 4.18 Interfacial Bond Strengths and Fricti-
onal Shear Strength of Unfinished

Kevlar-49
Matrix Interfacial bond Frictional Shear
Strenth, psi Strength, psi
Tonomer 884 100
P.E 1150 . 213
_ Nylon 12 6640 292
Polycarbonate 1290 310
PMMA

1650 411

4.6.3 Applications
Kevlar:= Canoe, Kayak, Sailboat, High perf-
ormance power boat, Aircraft, Missile Engin

cases, Launch tube, Pressure vessel, Circuit board,

Table. 4.19 Values for Interfacial Bond Strength
with Glass. fiber

Test method Matrix Glass  Interface’ Bond
treatment failure strength psi
mode
Rod-disk Polyester Aceton  Shear 605
(push test)
Rod-disk Polyester Silane Shear 680
(push test)
Tfag:zoidal Epoxy Aceton  Shear 1000
r
Trapezoidal  Polyester Aceton  Shear  3000~3500

T
Curved-neck Polyester Heat Tension 750

fiber

Curved-neck Polyester Silane Tension 1220
fiber

Curved-neck Epoxy Toluene Tension >1540
fiber :

HWAHAK KONGHAK Vol. 16, No. 2, April 1978
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Table. 4. 20 Typical physical properties of hybrid moldable sheet

XMCs HMC SMC
Glass fiber, wt% 70 60~65 28 30 —
Carbon fiber, wt,—% — — 30 —_ 35
Specitic gravity, g/cc. ' 1.9 1.83 1.88 1.60 1.70 1.66
Tensile strength, 10° p.s.i. 70 35 NAP 12~15 15
Flexural strength, 10° p.s.i. 135 55 NA 24~30 NA
Flexural monulus, 10% p.s.i. 5 13.5 1.7~2.1¢ 3.5° 1.5~1.9 3.9°

a—Trademark of PPG Industries Inc.
Helmet 5 22 x5} thokdie B3] FAEo R
7 wiagloh

4-7 7|E}

A28l Reinforcements®] F7}3] & 10| A+
2] Fiber reinforcementsZ 3h}e] Matrix2 gk
£ Hybrids(Table 4.20%2)7} 3l 2™ = Nylon
fiber A A F7F At

At

5. 381t PlasticsH BIgEE

5-1 3%

Rt PlasticsH #gE¥ 24+ Thermosets9}
Thermoplastics7} 3l o™, o] REFEE AEMOE
zpo]l 7} ek, & Thermosets:= —AY S 2 Lig-
uid ko 2 A Glass fiber 52} Reinforcementsd]]
48A1 4795, w4 Long fibers 2o &
WERe s wE9 glov}t, Thermoplasticsol] A
‘= Reinforcements$}o] Efko| v BB A
Fibersy} wo] tgrsle] wjglc}t, 8l =z Ther-
mosets®] A $ol & o] ¢ BEAE KBRS 2
E47F 9l o], Thermoplasticol] A= @pEF xch
= R, B R, ERREN, 59 M
< MEAZ BRSE AMSE e F57F B

5:2 Thermosets

5-2-1. 38t Plastics® 2 Al —jhYyo. = 84
2o shm, @l R BEST glod
£ RS HHE /BT 4 ok Imager}
sk webA olE @ HegEel vt B LY 2A S
&3] A=

aEt2 e A6 H2E 197814 48

b—NA=Not Availabie

¢—Tensile modulus, 108p.s.1i.

i) Reinforcementse] o] &£ 532,
ii) Curing temperature’} 7}53+3t @52, Cur-
ing timeo] zA r}53%H,

ii1) Curing shrinkages} = 37,

iv) Reinforements 2}2] Bondingo] &= x,

v) BEftape] dpike] = o okgtet,

2y BB IEA (~iD)3 gl d #ikel
BEameE 2198 24 (i) & 2F 254
2T Ae HEe =5t

5-2-2 Thermosets®] &
a) Epoxy resins

Epoxy resins¥ Solventst} Alkalio]] ¥} g+ Resi-
stance’} F31, B R EEN HHol Fo4
2o BETERS] # ol v,

Curing agentsS #33] A4A43ld Flexibilty,
Heat resistance, HiRE\LE AZDF ok, d %
el 85+ Printed circuit board, Aerospace
componentso] ¥, o ¥-%2] Filament wind A ¥
= FA AHEH 2 3

b) Phenolic resins

Phenolic resins © 2+ High strength, Heat
resistance 2.2} 51 BHREY #ikol Hold HER
< 9% F oo, =28} Arc =% Tracks res-
istance= Polyester\} Epoxy #&#rol] o=},
Curing process®] A H I Phenol materialsE p
45l =l = Heats} Pressure’} 3 93}c}, o 5.3
45 2 4+ Electrical swich gear$} Printed circ-
uit board”} ¢lov] Missileo]t Aerospace?]
Ablator2 4] AFLE 51 g)

¢) Alkyd
Alkyd molding compounds= Unsaturated pol-



Table. 5.1 Pysical properties of Typical Reinforced Thermosets

Phenol- . )
Epoxy ~ Polyester - Diallyl | Melamine-
z(})l;rgzld (unsaturated) Silicone Phthalate] formaldehyde
. Nonwov- [Nonwov- ‘

Properties® en conti-lennonco-Glass Glass | Glass | Glass | Glass | Glass | Glass | Glass
nuous  [ntinuous [fabric fabric | fabric | mat fabric ' fabric | fabric ' mat
glass fibrous |base base base base base base base base
filament |glass
Ibase ase

1. Laminating temp., | 250-330! 250-310R. T. 275-350,R. T. R. T. 325-480 200-350; 270-300| 270-320
oF, ~370 -300] ~-300

2. Laminating 10-100; 10-1000; 10-1800{ 15-2000] 0-120| 0-500| 30-2000/ 10~-1500{1000- :1000-
pressure, D.Ss.i. 1800 1800

3. Specific gravity, 1.75- 11.50- 1.7-2.0/1. 40~ 1.5-2.1] 1.4-2.1] 1.6-19]1.65-1.8/1.62~ |1.75-
D792 2.00 1.70 1.95 1.98 1.85

4. Specific volume,  [15.8- [18.5- |16.3- [19.7- 18.5- [18.5- [17.3- 16.8]15.2-  (16.9-
cu. in/1b., D792 14.9 16.5 14. 5 15. 4 13.2 14. 4 14. 5 13. 9 15.0

5. Tensile strength, (110000- — 135000- ([9000- (18000- [10000- (10000- (21000~ {25000~ (16000~
D638, p.s.i. 215000 85000 50000, 65000 25000/ 37600 62000 63000 25000

6. Modulus of elastic-
ity in tension, D63 | 55-89 — | 20-33| 12-25) 10-28| 10-19 15200 — | 20-25] —
8, 10° p.s.i.

7. Compressive stren- 190000— — 135000~ [34000- 20000~ [20000- 125000- (25000~ |25000- 60000
gth, D695, p.s. i | 120000 80000{ 75000 60000; 45000 46000 55000 85000

8. Modulus of elasti- |
city in compression, | 53-85 — — — 30-40] 15-25 — — 47 —
D695, 10° p.s.i.

9. Flexural strength, 120000- 120000~ 40000~ (16000~ [12500- [15000- [10000- (30000- (35000~ [21000-
D790, p.s.i. 210000 25000; 105000, 80000; 90000; 40000 38000 75000{ 85000 30000

10. Modulus of elast-
icity in flexure, 53-80, 10-14] 20-45] 10-40 6-35; 10-18 10-35 6-30] 15-41 13
D790, 105 p.s.i.

11. Shear strength, 3000- — {14000~ [17200- |12000- [10000- |16500- !17800- |19000- —
D732, p.s.i. 6000 25000 24000, 23000 20000] 20000, 20000 35000

12. Modulus of elast-
icity in shear, 10° — — — — 5.7 - — — — —
p.s.i.

13. Bearing strength, — — - —  40000- {15000~ — — — —
D953, p.s.i 50000f 35000

14. Impact strength,
Izod, D256, 36. 0, — 15.5-25. 0i4. 0-18. 0{19. 0-  {4. 5-28. 05. (-13. 014. 3-20. 05. 0-15. 0| 5.0-6.5
ft-1b/in. of notch 35.0

15, Bond strength, - — [1600- [800-  [2000- 850~ 1600~ 1300[1500- {1400~
D352, Ib. 3200 2000 3000 1700 1300 2300 2000

16. Hardness, Rock- [M100- — M105- {M100- |M100- [M70- M100] M120|M115- M115-
well, D785 ! M108 M120] M110] M110] M110 M125f M125

17, gy ater absorption. o, o4~ — loo4&~ Jo.12- [0.15- | 0.1-0.80. 070 0.120. 20-2. 5/1. 25-2. 8
noss, Dero, s 0.30 0.30, 2.70|  2.50 0.65

18. Effect of sunlight | Slight | Slight Slilght, Slight None | None | None Nil —

color
.. - hange
19. Machining qualiti- ¢ Fai : . .
. A air to | Fair to Fair to | Fair to . .

ziti(zr; physical prop- | Good | Good | Good good good Good good good Fair Fair

Mordern Plastics Encyclopedia 488-491 1977/1978
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yesters} Diallyl phthalate2 Az}, o|ze
BERAVEE] Fo22 Stand-off insulatorsZ A}
2-5]v] DAP-based polyester= {EBE Decorative
laminates® A}&=lc),
d) Silcone resins
Silicone resins © 2= Heat resistances} o] &
=5, Chemical resistance$} BRAIHEEo] = o
w AEL 425 k. gekA] Terminal board
t} Maximum heat resistance® 93} BREF%E
of A& rh.
e) Diallyl phthalate
Diallyl phthalate homopolymer# 4 &= Humid-
ity7} &3, Temperaturer} 5& Z7o| A Che-
mical resistance’} Z 3, BREVEMEC] T K
ST 92 4 Ak dlxde 2x2E Elec
trical connectorst; Insulators7} ¢lt}.
f) Other thermosets
2.8] Polymide, Urea, Melamine, 2] 7 Pol-
yurethane 5o] glon E48&r g AL},
5-2-3 Reinforced thermosets
Table 5.1-2 Glass fiber reinforced thermosets
¢ Laminate BUFZERS] ¥EEE viebdl Aol o},

5:3 Thermoplastics

5:3-1 B&
ulA o & Reinforced thermoplastics: Ten-

sile strength, Stiffness, Resistance to sudden
impact and creep, High-temperature tolerance
28] 32 Heatr} Moistureo] 2]3F Dimensional
change?] 7t 5 #Fif M:Eo] Thermoplastics
A 2ok 100% 1+ F7kgket.

Thermoplastics®] €%3= Automotive, Appli-
ance, Industrial, Electric =28 = Office equip-
ment 9] Themoplastics € Reinforcementsi=
Glass fiber, Carbon fiber, Kevlar, ~°]t¥] For-
mulation®] W7 ] 2] 5}e] Flame resistant, High
Static dissipation, UV resistance, Heat
5. Wear resistantdl #] £ a}

density,
stabilization 2.2
= A& ol )

Fank

a2 o) AN )
5-3-2 Thermoplastics®] &} RTPso] A3
a) Polypropylene
SHa1ZE M162 23 1978 48

Glassfiber reinforcement™ Dimensional stab-
ility, Resistance to warpage, Stiffness, &=
Strength& &AA 71t} =27 Heat deflection
=o|# (285~300°F, at 264psi)
409% Glass reinforcements:= Thermal expansion
coefficientd 1/232 7+aA 7 1=

b) Poyethylene

Glass fiber reinforcementi= HDPE®] Thermal
A 8FA) 5] . Strength, Stiffness, =
2] 2 Temperature resistance® F7}A )

¢) Polystyrene

Glass fiberz 78}A 5] Strength, Stiffness,
Dimensional stability 2] 3 Impact resistance
7¢ 718k}, 40% Glass fiber reinforcement=
Tensile strengthZ 6, 00001 4] 14, 000psiz, Flexu-
ral strength® 10, 000] 4] 19, 000psiz. 22 3
210°F2 &=habet,

temperature E-

expansion-g-

Heat deflection temperturel=
‘ d) Styrene-acrylonitrile
40% Glass fiber reinforcement:= Tensile str-
ength7} 10, 000e]l 4 20, 000psiz, Modulus7} 200
%old F7H3ke},
e) ABS
40% Glass fiber-ABS: Tensile strength-} 18,
000psi Flexural strength”} 21, 000psi, 28] 5
Modulus7} 1, 300, 000psio] t}. Glass fiber-ABS=
Impact strength, Rigidity =27 Dimensional
stability7} @ F5 &= Lope] P2 Algsn g
o,
. f) Nylon
Nylono Glass fiber= Reinforcements}™ Tes-
ile strength7} Base resin ¥.t} 200%1} £-& 32,
000 psivt =<t 2] 3 Heat deflection tempera-
ture 10001 A 500°F& so}xic),
g) Polycarbonate
40% Glass fiber reinforcement= Thermal
9.5X10™in/in/°F& 7t4 A 7)o
Tensile modulust= 54}, Flexural, Tensile -
2] 7 Tensile strength= W] 2 Z718bck. =z}
Impact strengthi= Base resin ¥t} 1lmic}
h) Acetal
40% Glass reinforced acetal @] Flexural mo-

expansion-3-



dulusi= 1, 300, 000 psio] 31 Heat deflection tempe-
rature= 300°Fo] Aol ),
i) Polybutylene telephthalate(PBT)

Glass reinforced PBTE: 329 A Thermosets
¥} £2L Electricalso]t}, 28] 52 Tensile, Fle-
xural, Compressive Strength”} 2~34} Z7}3
o},

i) Polysulfone,
Polyether sulfone

Glass reinforced Polysulfone, PPS, PES?| 7]
AA AL Table 5.20) vyepbd ups} o},

Polyphenylene,  Sulfone,

Table 5.2 Strength at elevated temperature of 40%
glass fiber reintorced materials

At At
Properties 78°F. 300°F.
Tensile strength, 10%p.s.1i.
Polysulfone - ’ 19 9
PPS 20 6.5
PES 22 15
Tensile modulus, 10%p.s.1i.
Polysulfone 1.8 1.1
PPS 2 0.5
PES 2 1.5
Flexural strength, 10%p.s.i.
Polysulfone : 25 18
PPS 30 15
PES 31 25

Modern Plastic Encyclopedia, 140 (1977/1978)

K) 7IEt

2.9] Thermoplastic elastomersZ.4] Polyureth-
ane elastomer, Polyester elastomer, Styrene-
butadiene copolymers, 28] 7 Olefin elastomer%-

o] 3t
6. ¥ (Processing)
6-1 REAHE

.6-1-1 Filament winding
Filament winding2 % 2t} & Resinsol &

153

847 FilamentsE Mandrelo] 7te #bgol},
Filament winding -2 Glass fiberd] &£o9|
v S0l BEE 23, HEE B39, KR
S} fhhikel 9% R 2o A9$AA, B
Fv FEHERS STEokl ®el AgHz 3l
ok, v BB vtk g o] gl

Filament winding2 Hand methode] <8} 7+&
T Jort FAHolgE FAAHAA B9 AL
A¢l Aol &=v], Filament winder: Circum-
ferential winding units$} Polar winding unitsS]
=714 typez &4t} Circumferential wi-
nding uwnitsE Q¥ 74 YA oz Ay
sler, Helical winder?} Hoop winders] 27}
A 7F 9o, Polar winding units:= Helical
winder$} Hoop winder®] 715 & 7IA]z g &
¥oljz} Polar, Longitudinal winding 7% %
74Xz 9les], Racetrack, Tumble, =3z
Whirling®] A7}A] typee] 1t}

Filament winding method® £®2 k9] H/A
g5 o]l &= Curinge] % Mandrel &
ok, ¥l WsE AL Mandreld o=
A7F Ak, wEA olwol & 4EX Mandrel
AREBEA Y, A 2 EREE S-S Curing$ 313 5
£ 883 HHHE A8ele] Mandrel 25
238lt}, :

6-1-2 Matched metal die method

Matched metal die:= Compression, Injection,
=2 = Transfer moldingell ¥ 2 AH&H 3 gle
o, o] HJ"ﬁ—.?_— Finished surface, Detailed confi-
gurations 7.8 3 & Part-to-part uniformity &

< Aok Aol gith o WwE ez Mol
ding 7] 98 A+ 27}%] 9] Molding compound
1} Resin/ Reinforcement Combinationg Zu}3}
= T4 #asict,

i) Sheet molding compound (SMC)

SMC+ Resin, Filler, Chopped strand reinfo-
rcement, Release agent 28] = Catalyst®] &3
&% Sheet o2 wrEZ o, gk oz SM
Cx High molding pressure (400~1, 500psi) 7} &
230, Molding temperature: 265~325°F,
Cycle® 1~3min o]},

L

=4

A mo fu ¥9 nfo

2t
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SMCef & Structural-grade molding compound,

Mineral fillers %332 ¢ HMC =28=
Continuous glass®] &&°] 80%vt= = XMC &
ojslet.

ii) Bulk molding compound (BMC)

BMC3: Sigma blade-type mixer2 Resin,
* Short glass fibers (1/8~1/2 in), Fillers, Pig-
~ ments, Catalyst 28] = o & 714 E Bulk ¥R
o2 gtEAe|th, BMCE ¢ubd o2 Molding
pressure’} 300~1, 500psi, TemperatureZ} 225~
300°F =g == Cycleo] 0.5~5mino|t}, BMCx
Glass content (10~25%)~} ¥, Fiber length
7b g7 9 Eo SMCrch B HEe] vt

iii) Preform

Preformol] = Direct fiber, Plenum chamber -z
2z Slurrye] Al7}A we] glew, Preform
o AgHE ol fE XY IAE AR AAA
oz 4YTEAz Az AR, A5 4
3=, FAE vz 23% F ddes AAl
At

Matched metal die moldinge] A}-8= + Resin
© 2= Polyester’} By 2 B 713 o] A}
2% 5 ¢l on], Phenolics, Diallyl phthalate,
Melamines, Silicones, Urea, Alkyd =& 3 Pol-
yurethanes°] ¢!

6-1+3 Open mold processing

Open mold processing2 Single-cavity open
mold& A}&3}= 8 o2 3 ul Finished =
t}, o]ulH o) &= Hand layup, Sprayup =28 x
Reinforced plastics backed(rigidized) vacuum
formingo] lt},

a) Hand layup

Resin®} ReinforcementsZ & 2 Ho]

Botel 333 ARAF MRS AARE] %

B =+ MmiEste Curing A7 3 MRSl G
S st wpgolth, £&-S K#, FRP, 43,
e Tz ey EHE FEI dukshd

Mold release agents Z4]+ Wax, Silicone, PVA
SN FE =2, o2 &8 &o] 4=,
KEAF2 AFell b, Hulst deta,
A9 deshhe ol ek

sat3 8t A6 H2E 1978 43

2y ARt Loz HES steold, &
Hol AYAS] 715l A=z, THUF BelE
o, AE FY9 A A F e
o= 2] gleh

Hand layup ¥ ol & 8BS Curing T}
A AF 4E & JheA g EEERES E
BIel leow, MERE WiHde
Pressure bag, Antoclave, Hydroclaves ¥4 o]
et

b) Sprayup

Hand layups} zre] £#e] Kol Robinzt
Resing M fFA 71tk Resing HolA F3A2
w| z}z} Catalyst, Acceleratord ¥] &%} Resing
579 Spray guno 2 Fo] LEKENA BEK
A I = Hikit  Acceleratorg ¥ -2 Resinof]
Catalyst® BASIA A 3709 Spray gunoez %
of W wiel ek,

Hand layup2 Hand layup 38R E S A9
v skA| gk, gl bt o vta, FA9 R
H—ol vt A 57 HYALE ke Hol A A
oj .

¢) Rigidized vacuum forming

o] ¥l Hand layup, Sprayup, Matched
mold processing ¥4 & B.951 ¥y e 24 Cold
mold thermoforming, Encapsulationo] %)

Vacuum bag,

d) Centrifugal casting

A &3 2] Z3 o] Resin} Reinforcementss
o] £HLS £ 08 3| AA Resin/Reinforce-
ments7} SO0 st AL Wiale] Eeold
A Curingsl+ o]}, Pipe, Tank 59 A
ol A3t T AAEZ AHHEC] A&
a5 A%37E sHsEteh o] Wiele  Vertical
centrifugal casting@ Horizontal centrifugal ca-
sting Wyo] vt

6-1-4 Pultrusion
o] W& Rod, Pipe, & 4AT &dH L 7t
= AES A48 02 wpste wylelth o
welm Resing A A7

PN

]
y Reinforcements&-
£A49 FRAFE AN eI g AIA
8 A79A4 a4d oz ol wel e

6-1-5 7]

N
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ol ¥ud RSk F8 FRTP A
£35t9 Injection moldingg = FRTSS] A 3o
Ar8% 3 glon, Glass fiber® Reinforcements
2 3}= Polyester, Premix 742 Paste’d A 5.9
ABe = A8 Filler2 A}g-3F3 ¢l &= FiberE
b3} x] &% & Planger type injection mold~)

(RS EN

6-2 B Lol MEAR
6-2-1 Stress Analysis

Designeri= Reinforced plastics®] Anisotropic
WS F33) o] &3l7] 913te Bindere] E°
3] = Reinforcement®] %%, Mechanics =283
Arrangement& 323 g ofgd ¥ ofz} Specify
3tA] o= <lxEt}, Reinforced plastics®] Mic-
romechanics® o}Z A A olF =z YA R
ony, webA e ATHEA o3td A zs
2 o}, Bl RE—sd weRE 9 FHEE
7} golAln], w2 d71x G%d #ikeel =
A5z, £ FJFLo]l AaAH =z vk, #HHA
#ihm - A A8l 8t= Assemblyrt Subas-

sembly®] A ubA Stress Analysis7} whehof g,

6-2-2 Complexity of Procedures
HEHE A 24+ Drawings®} Specifications
& Mz =R HA
External dimensions 28] = Flaws’} Q=% A
23] ¢roml 9bE thi Procedual complexityel
2aetA "ok, o286 dARE oA HES
2 A 3ut3t Standard proceures”t §1vk,
6-2-3 Incomplete Data on Process Variables.

Internal arrangement,

Ingredient properties, Fiber drawing and
molding techniques. Materials handling and
shipping procedures, Molding Variables 12| 5.
Factory environments & 5% RE&H S %&
vl o}, @w 2 o]e} g Variables® 3 F7HA &
b7t WA HE KRS A& 2A BT
EE 471 g, 28l = o|#§ Factors®} 4
oz QojutE WG HES Aol & A FH3A

24% Wl glerz v oFA Hx e

we}A] Process® AA3| 438 oF gt
6-2-4 Test method®] A=A 3+

157

Gubd o2 Test AW FH M= 222 A
zH ez 2454 pRst a8 4328 2
"t weba] A\ Testd & Design Tdl =
RS B el A H@HEE Ftolof d

6-25 Inadequate Quality Control Capabilities

Quality Control2 Goodwill®} = 7]¢1 9] ®
£ Svlgheh, @eba Products ohieh Ingr-
edients®] Q.CE 3719 3td Tools$t = 71& &
BHekA ko ok, m Lab®t Products]
YA & $15+e] Test methodi= Improve A|ZF
el 2} = = Improved test methodZ }7}+8}A|
A ok @t

6-2-6 Equipment®] & -

HE#HFE Resini} Reinforcementz Al Az
HE o)A . Alo| 9] HEEMo]l AA FAH,
o # o] SMCY BMCrt oo &3t 8
HAot SMCH BMCrF #E&#2A 7 £
A& Press el wtdd A 2 BARA el
whe} SRR, WEDEHE:, Curing 4iiko] 2ebxlch,
w2t A Press®] ®Efb, B m#Eilt, £Xo
Craftsmanship §°] o.-7=t},

6-2-7 Pollution

A wEHEDAA Hg ol 52 3l Ha
nd layup, Sprayup 59 WML ¥iB= A3
& HEEE Addcdz Eract wEkA
EEML EEosA &4 AdAME fFER
18, fEEel Aol kKE 3k KE, BR
WA & Fubste THBER, ARSEE, EX,
BHE L¢e A/ EAY S W2 duld A
Eael FA7h ek, whebA BHSCH BB, &%
el BB, FRHEFRS %k, #E, Grinding,
IR Sk, BEWEEY 4% A3%
FASS AAE et gl

7. A@M Mg

7-1 #EAR 2= FRP2| f5t

FRPS) Mig: FEAGRIA FHMETIR
oz A9 RE 5F ALHx led, 2
%= 30,0000 5+ Aok, FRP7F AHEE & o
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Table. 7.1 #WARo == FRPO| #4#:

‘ s -
4‘;\\ HEORAT RHE SBE WER R BRAT BAR S, S0 23
i B 3 E E E E E G E E E G
ft £ & G G G G G G
A E E
N o 3 G E G G G
AL T ) E G G ¢ G G
% fi #| G G G E
% ® G E G
FHEfl kol Evh G G G G G
BRI LT G ¢ ¢
— B K W E E G G G G G E G
] B E G E E E E E G G G E
+ kR E#® G G G G G
Boomo i G E G G G
[ & E G G E E E
R B EGW G G G G G G G G G
E: 2 Rigel gloiA oS- So8 ik
Gz Mgl oA FoF it
fri e HHEAE AS5AL 542§
7-4 BE

gk AHoll, = o] &71Ao u]dle] spA o4
E Ao} (Tabl 6.1 F2),
el el = BEA BiK =2 TR, B,
FEHE, FAY R 2 L2205 AHes 23l
g Wolzl, ERHEAMAZ Bl AHEHx gk

72 iz ¥ BA

FRP: MR/} =)W 2o PayloadE 224
Bh= Mt Rocket®] #iEtEA A g3l
FRPE “HEimg 1% &EEbw kel 1% &
gl e piase] K J12E Fx 9 g

Fotzt, Sandwith 72 59 Abgel] 23t
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