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(Table- [ » Comparison of Mechanical Properties of Some Structural Materials

YOUNG'S ULTIMATE SPECIFIC SPECIFIC
MODULUS, TENSILE STRENGTH. DENSITY. MODULUS, STRENGTH,
MATERIAL E psix 104GPa) ¢, psix10°(MPa) 2, Ib/in (kgx 10%m’} £/P,in. x10Mmx 107}  ¢/P, in. X 10*(mx10%

Tglass fiber” 10.5(72.30 460(3170) 0.092(2.55) 1.1(2.8) 5.00(1.24)
S-glass fiber* 12.0(82.7) 600(4130) 0.090(2.50) 1.3(3.3) 6.66(1.65)
E-glass in epoxy 7.5(51.7) 200(1380) 0.070(1.94) 1.1(2.8) 4.29(1.07)
S-glass in epoxy 7.6(51.7} 300{(2070) 0.076{(1.94) 1.1(2.8) 4.29(1.07}
Aramid fiber* 20.0(137.8} 500(3445) 0.060{1.69) 3.38.1) 8.33(2.04)
Aramid in epoxy  12.0(82.7) 280(1930) 0.055(1.40) 5.9(3.6) 5.09(1.38)
HM graphite fiber®  55(379) 300(2070) 0.069(1.90) 7.8(19.8} 4.3(1.09)
HT graphite fiber* 35(241) 350(2410) 0.064(1.77) 5.6(14.2) 5. 5(1 36}
As or 1-300 fibex* 30(207) 400(2760) 0.067(1.85) 6.0(11.2} 0(1.49)
BM graphite in epoxy  30(207) 135(930) 0.058(1.61) 5.2(13.2) .3(0.58)
HT graphite in epoxy  22(152) 2051410} 0.054(1.50} 4.1(10.4) (0 94)
AS or T-300 v epoxy  17(117) 23001580} 0.056(1.55) 4.1(10.0) 101,01
LBoron filaments” 60(143) 400(2760) 0.095(2.63) 6.3(16.0) 2(1.05)
Boron in epoxy 31(214) 220(1520) 0.075(2.08) 4.1(10.4) (0 73)
Maraging steel 28(193) 300¢2070) 0.289(8.00) 0.97(2.5) 1.0(0.26)
Aluminum 7075 10(68.9} 82(5650 0.100€2.77) 1.00(2.5) 0.5(0.20)
Titanium 6Al-4Y 15(103) 155(1070) 0.155(4.29) 0.97(2.5) 0(0.25)
Beryllium 35(241) 90(620) 0.066(1.83) 5.3(13.5) 4(0.34)

* Fibers only: does not include resin.
NOTE: Fibers and composites are unidirectional.
Metals are isotropic.
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(Figure 1) General Comparison of Property of Materials
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(Figure 2> Orientation of Fibers and l.amination Methods for
Polymer Composites
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(Figure 3> Properties of Carbon Fibers Commercialized and
Under Development
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(Figure 4> Value of weight saved in aircraft and spacecraft
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(Figure 5)= PANC 23 ¥ we M o] Yikat 2812 ez g,
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s /epoxy F2 3led @/ o5, =554 tail box, /8¢ meEAe] 2F
AEow 3 AMRS sk ArkFigure 7). 1982ulel A2kl #4871 AV-8B
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(Figure 5> World Production and Consumption of PAN based
Carbon Fiber in 1988
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{Figure 6) B/Ep for Horizontal and Vertical Stabilizer and
Rudder on an F-15
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(Figure 7) Composite Distribution on an F/A-18
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(Figure 9> Composite Configurations on a Boeing 757
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{Figure 10) Composite Applications in UH-60A Black Hawk
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(Figure 11> Materials for Solid Fuel Rocket
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ol 1187] YSX 7ol : B8 Fio] AR A 2 FAE o] 9l)
FFELEE FA TAFH G HAAAR FEE £ ded, TARH A=
(Figure 119149k Zo] A AE rocket & AFE nose fairing © phenol 4
2% honeycomb 2} epoxy FRP (fiber reinforced plastics) ¥9-& A48},
A HFF2] dE 54 CFRP &, A7I4dE52 panel ol CFRP F%&, 24}
nozzle %ol CFRP, GFRP. graphite $8 A}23l2 Ut} JAAdx we 7
TAEFA 7L ol 8= U= (Table-1 )= Y¥E NASDA (National Space
Development Agency) oA 7123t 2] Al AFEE 2 ¢l CFRP 29
E RAFa Tt FZ antenna, solar cell AR AL&HT Uy, F2ASE
YR ol &3 it o)A Y $FFEEo 2 AMEHE CFRP & the B/ 23

ol 3FEot & 7;1011:}.

S} A5 Fol7] Ael Tl fe) i) 70,000 kg/mma o)l
HAge] 0.5% & ZH s 9},
A Gaifel gl Folo} 0, A8 Ao HEAT 2]

prepreg (A7A) 5= AH&gok g},
O FFE70) AR WAL Aok sl BrLE WA Aok g}

719 3 20& BEA7|= A8 2 CFRP 7F A3l AA A4 &
o} 3£ 3 it
FAA gEom FUHR e FFE ALY AF=E (Figure 12> e
AL, 0] F Y80 @FE AHRE (JEM) ol CFRP 7} A9 d|Fo|t}, A
Hol] F5l1 sle FUAZN Y7 (HOPE) ok 2EAEIA 7 oz E2ol
AMEE R 93 (Figure 13), 72802 AL4HE AR EF B2 ekgn
Z (Figure 14)°] X Fa1 v}
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{Table-1 > CFRP Material Applied to Japanese Satellites of NASDA

‘ Applied part ] )
Satellite Material Applied Weight | Launched
of CFRP
0S-2a. 2b Antenna |CFRP/A1* (Reflector) 380kg | 1983
{Communication) CFRP (Support)
BS-2a, 2b Antenna |CFRP/A1™ {(Reflector) 350kg 1984,
(Broadcasting) CFRP {Support) 1985
GMS-3a Structural | CFRP (Motor Adaptor) | 303kg 1984
{Geostationary Part
Meteorological)
MOS-1 Antenna |CFRP/ALl*. CFRP 750kg
(Matine observation) | Solar Cell | CFRP (Panel) 1987
ETS-V Antenna | CFRP/A1* CFRP 550kg 1987
{Engineering Test) | Solar Cell | CFRP (Frame, Sheet}**
Structural { CFRP {(Trust Tube)**
Part CFRP/A1l  (Access Panel)
CS-3a, 3b Antenna | CFRP/AL1* 550kg 1988
{Communication) | Structural | CFRP {Trust Tube,
Part Strut)***
ERS-1 Antenna | CFRP/A1* 2ton (1991)
(Earth Resources) Solar Cell | CFRP {Frame, Sheet)}**
Structural | Under Development

Part,

* Honeycomb Core Sandwich Structure

* » Frame: Filament winding, Sheet: Laminate of thickness 0.1mm

+ * = Filament Winding
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(Figure 12} Structure of Space Station and JEM
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{B) Baseline configuration of Japanese Experiment Module(JEM)



{Figure 13} Outline of Materials for HOPE Orbiting Plane
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(Figure 14> Effect of Main Structural Materials on the Decrease of
Weight of HOPE

Weight
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* TPE : Thermal Protection System, which
thermally insulate surface of HOPE

CF/EP : Carbon fiber/epoxy resin

CF/BMI : Carbon fiber/bismaleimide resin

CF/PI : Carban fiber/polyimide resin
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