72-'76
'76-'78
'78-'80
'86—'90
'91-"92
'92-#x|

#4434

(AMENEd s
EiE1E

Oj=Grinnell College, S2/3i2} 3fA}

0|2 Washington University, 7|A&%} &tA}
0|2 Washington University, 7|A1Z2%} AA}
0|2 Missouri-Rolla CHEtW, 7|A[=&tnt A}
T[T Seixigd

BEIAATH MAARY

'79-'83
'83-'85
"85 —#xY

MSUsm Sncie SZIAT Al
MSUED ofstel YT MA}
S| ATY MelolTe

LA &

B vZms vde] & wat ohyg
71 4832 £4 2 R4, Wa g, ddyel
531, Al F2 AAQA §Fr) 7
Zd) oA AsFHL & § ik £F, —157
T~1p1cz o ¥uid Hae $FFAGA
4 g9iY, X5 B4 59 8FE wENY
F Ae ARY Asc A48 g4z ¢
#A Ao 3719 AHSE ¥R BAsE
BAAREE UrYE, fMdE, olEms=de
HENGE YE £ oy vy 9720
2gE7lde F2 1= 2489 olgu=
AR7E v349 87xPel 8 $F 4oz
1Y BAERY olgu= MR, BREANGI)
F2 AH-EG (Y D. 7IAAEEE BT ge
1FEY ¥/l $HE Epoxyst 22 97
34 FA BEFAE AHSLx A7} 120C0)H,
AR heAe] Bele PEEKS #& 497}
&4 BfA AHELEE 210C, Polymide, BMISH
7HE 1&g FAE AMLE W9t 380Co|th
37 FEAR AHgHe Fd A¥Yore
L EZ¥o]H 4¥H(Autoclave Bonding), B E
94919 (Filament Winding), &4 ©]44 3 (Resin
Transfer Molding, RTM)°] %12, < Preform
439 EAFE A2 2ol wal RTMS A4
Aol & H¥Woz ZHL vy g}

A7) 20009 71A w=y MR EFAaY A
AMEE 37489 ol Aoz FHEHE 1.
AR ARE 217 98t A2E ARE A
d3l7] B @49 EEAE A2Ye SE3)
a34oz Ag3eA uPFdn, B2 N2
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i
Aircraft/aerospace

Military 2500 5280 10730 19900
Commercial 480 1215 2805 9100
Business 160 270 550 2025
Helicopters 353 600 1250 4125
Missiles/rockets 225 370 650 1275
Space and dev.

programs 25 75 85 300

Source * P-023N Advanced Polymer Matrix Composites,

Business Communication Co. Inc.

A A2"o] 14T LAY " E F=
3 FEE AF 713 E 71 Ao}, A9
B84L 47tAA B3 8 (Thermoplastic Com-
posites) &t o] AF AFo] #E HalAas
Adesy AT "eAe neg EdxEs
AN 4 Sk 2 A5 ¥y g

72

A%z A7 EFAg9 FA4FL 1990309
d&dn. EFAEY AELS AT Ages
olojAe Fa&F AL /HAY Fo. JEEHW
EdAse AA9 #3949 EfAae EAL
AGE 5 ojA A2 AAMNIL 4@ANZ
T de FYF A5/ Hue o

e T44 3E)d B} wa
AgHE e Are A4 sFne g9%
Aol 4] Folx7] W&ot} o]9 ¥ty
U5L g3 Hgo] & AL F&NF A
Hl9} 22w 71& §A o). @ AA
BE¥A5Y 7 & AZe SAH/FTEUH
ol ¥ ALE FAot EfArEe F&
§37] +29 10~15%5 AAse vhE 943
3719 A%E 5% oldtolt)

2. ¥37) F2E

AAAoz A2 28 437 AL AYd B
s} dito] 4HT YAT HFARE 42
FFHL AL HIHE of e ARE A

s HE 68 23 (1994 B)



¥3, F78& FH#YE &&

Jat7] 93 Mz A% 22 §F UL 3704
HE3es Fsa o D AR FEAA
7P 2 HFE AL e Role aEF
EdAzgE ol Age Mge 3% 2 ¥
A BoklAN 7 883 S Ak
of Eoklld nEA ERAEY F/HEL vd
15%9 o]t} o9 W& H29 FA Tl
A9 e LA FE71% WUt #3719
LEA EfAE g e FeF Hojoh

2.1 212t 837

2.1.1 AirbusAt

89  Aerospatiale(ZZ2), CASA(2FIQ),
British Aerospace(¥ =) 2 Deutsche Airbus(5Y)
2 749 2449 Airbusihs BEA8E Uzt
3710 ®ol S83 Jled I Hj&L FEF
Z7hsta Ueh(F 2) 19853 0] F9] RE 7]FolA
Brake® 7HE/7HE BEJARE ALEHL gleH
load-bearing 7%l olFv= H{E AHEA ¥
Aok Airbus B AIEL FA Wz £F
A5z 837 3 A&Hoz dfsn ok

T 2. Airbut 837|9 SEixlz ABRE 2

|¥s

A310 || C/Ep(toughened) : vertical 801 (1985
stabilizer
A320 ]| C/Ep  vertical & horizontal 150 [1994
stabilizer

A330 || C/Ep : fairing, moving surface,
leading gear door, floor

130 |1993
panel, vertical &
; horizontal panel
A340 || C/Ep vertical & horizontal
il, all control surface,
tail, all control surface 130 11993

all fairing, floor panel,
nacelles, access door

2.1.2 2YA}

HBIAke 1 old9 7IFdAMe nR=eld
BHAEY v&E, A2 ARHL Ye T
71EANNE 10%2 =8 Aotk Talg C/Ep2
qAde2N 15~20% FAZLE JHALn
WEAA, 371 q8Hdo) 4 sHern BH F
A &4 298 4A Lohd & e dAH]
At 2 9 EFARTL SasHE Fo HEL
a9 294 Ee ulel 2o

C/Ep(toughened) : vertical & horizontal tail

stabilizer, floor beam

C/Ep - tail rudder & elevator, inboard & out-
board flap, flaperon & aileron, nose gear
door, wing & main landing gear door,
engine cowling

Glass/C/Ep : fairing

C/C . brake

o, YRFRE oV = HR{E A ¥1
Act. 28 B2 FHL (dE S, layup,
forming, machining inspecting %) ®l& AZL
o3} Ap3stso] Urh

2.1.3 L3224}

Azo] AYH MD-12X 7IZdAHe B %9
BE3A87 dAE Aod(2y 3) v & 73
A7} 32 9lo] NASA ACT A g3td gx ¢
25892 prepregét autoclave’t WLYE A2
WS A Fol Uk o] WL fiberS WP
% skin plankell stitchdt] UYANBsIa stiffening
BEL OA oA stitchdt] 339 F2E o
et 2 F o A¥Ae FANFE FF A3
k. 4 wing AFe 453 ge o] WP
Agule 258e A 722 § U g2
g2Abe 23 TRES BFARY AA) e
FAo Azvs MAANG = n )
& 2L 7ledo] "asitn 3o =@
1996 AL22 Bgg =yd MDXX 71
de E3HAE7L 493 FRENE @o] 4%
RolH, H| &L 35~40%2 Lold Aolgti B
Ak
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B TOUGHENED CARBON

FIN TORQUE BOX
B CARBON :
STABILIZER
@ HYBRID TORQUE BOX
U GLASS WING FLXED RUDDER

LEADING EDGE

TRAILING-EDGE PANELS

e
FWD AND 3 LEADING-AND TRAIL-
T INGEDGE PANELS

WING-TO-BODY FAIRING

GEAR DOORS
GEAR DOORS

NOSE-GEAR DOORS ggRRI())UT
ENGINE COWLINGS SPOILERS
a8 2. 29 777710 2gE 7xE(5]
RUDDERS INLET-DUCT
NO2 ENGINE EXTENSION RINGS
SPLIT AILERON ACCESS PANELS

WING TRAILING-
EDGE PANELS

N NG WING/FUSELAGE TRAILING EDGE
FILLETS

J3 3. C22AAL MD-12x7(9] FHE/OIEA| SExiz TXE(5]

" s HE 64 25 (199 B)



¥ F7& FF4E §&

AirbusAtel BoeingAbes ©H& Al719l 600~800
FA9 A vy g 1y Fo Ao &
AzAMe @A MdF dAlo| A, Al I3 d
W37 ddEo]l W & EgAE TAIL
878 Aoje} dustd 1 A A7)9 3]
de FA Zast e $837] wielth

22 O[=8] FAE 37|

A AY FoIAY AgstL Je TAHE &
371 E Agel & 39 deht Aok A4 4
HLE st o] F ojx= o] WYE AH&7}
e & F oy ERYas Adde HF
2 Hl&o] HolMs} Zo] IA F7HE AYeln.

1EA BAs, 54 EAs 2 Ay &
FAE 59 D A5 ALy EBe 724
Agst 224 2 WEE A5 Bokd THE F2
Atk 1 F FF AYeze F37] 7284
zolg LEE ARA g, 1EA EdAs 4
ol X 40%9) A3 A3, a8n &3d 72E
222 A7) 98 Edfad wdsHe A
A9 Apdolt, 718 @8 7ld ERAR &8-S
ol AL 7359 Y R HEHME H]E9
AL 7ML F e, o AN HA%
Ak A AEE A E B oly RTM(Resin

Transfer Molding) 71 2 A7} A &2 7jits} ge
YA 2 7lee] 8T8 o)y F o)
AP Qe Ao Wrd dFek2Ale] F/A-18
EF 39 AE Agd, 27 ABELNN ¢
Fu¥ rib% span$lol C/Ep 32 4 +ZE
d7l9} stabilator ¢ trailing-edge flapol AH&-3t3
ou EPEdoA F—15 Eagle AF71E A
71998 F-20Me 26%9 ERARI AHEE
AZYJAeN(EAY A 2%, 7t2A FA 4
%) AN 7o o] £k 7] A% dAe
35%~40%2. o} A3 Access doord} skin§2 2
low-impact N A9A tough® BMIE 7HEstd
s FAG FAZLE 7MAKT £F o] A
AZoNe 182 EdAg, F£EHAR 2
AZe EFARE o] &3 EEFNLE ¥37)9
A +33 AR FE FUHAHLH, 53], HYl
W71ge A LR Fo) A A9 9
Yol FAGY A& 55 FFELE To| ¥
F A H3dd AT 700~800°F &= ¥4
oM Tatanium/Aluminide$} Z& 4 EA
SEE AT Aoz gt e ¥ A4 A
E¥AEE combuster panel, rotor disk® ring
123 turbin exhaust systemol® A% 7lsAE
ZAFEL ot FHE/ FHE ESAlEe A7 W)
=Zo] AHEE AYolth A6 intruderS AT

ot TAME 5187] LAY

" F/A-18EF C/Ep - wing skin & structure
Homet A%7] C/BMI : fuselage skins
F-22 A%7] 3T C/BMI : skins, ducts, frames, bulkheads
C/Polyimide : wing components 26—27%
C/Ep : primary structure k
3T C/Ep . all-composite fuselage 30—50%
2, sy C/Ep : primary structure 51%
5—2 Gl/Kevlar : rotor
&7 C/Ep : primary structure, main rotor 47%
&+ Large tail cone, winglet skins, 6%
fairings and covers, control surfaces
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5 W

A/FX A%719 A AYL bulkhead, duct %
#d EEFog dASE FA HAS AL
s Qled, @AAAE AZuddA o
o] Bz

g F8 ML Ao, V-22 Osprey Tilto-
torllMe 43 F2EY 51%0149 C/Ep7t At
£33 rotor bladedl= honeycomb 9ol HEA
F/otE = AR/ EA] B3R 87 AR o]
71ZA e BEFAEE empty-weight 72T
Uz FZEY AARZRAE HEAA FY @
YUz 9 AFE flEY. Wing torque boxol A
wing® EolA B7A Z stringer obefol I
7HE ARZ BEREoEN AT FA pAE
7YA stk AH-64D Apache/Longbow ¥ 2]FE o)A
£ extended bay, driveshaft @7}, 5227 9] leading
& trailing edgedll 15%°13¢] C/Ep % Glass/Ep
EZAg7t 2ol1 ¢ich. RAH66 Z¥HA eF
HoMEe U3t +2E9] 50% 8, AL, 7HE
%9 toughened IZFA] 2 BMI ERAEE
AHgEta glos AEFA, & &4 {88971
R oln], Az7)/3/A4 883 /518 A g @
A g o] Hojubr), £ modular cocured subasse-
mblydl &% ¥4 /MEE HEFY ZHDIE
g3 C—7A F471AME, large tail cone,
winglet skin, fairing, cover 1] 1 wing-control ¥
%ol C/Ep7}, wing flap® 2& ¥-$lole BMIZL
AHEE Y

3. +78 TEE

AFYA T $F FREL +F FHAA
A2 QAHAO + Atomic Oxygen), AUV ; Ult-
raviolet Radiation), @23 4H&(Thermal Cycling),
2AE, FAY 5 BHEd ¥ FF 39
Bo7le] FolA €k EF FF A I3
AR X $FAz R AYA] F2EY B=
2 ZAT HolM wl$ FAF 2HAA A3
g Bt ol A} ] &S ARSI A 85 S
AU =37 98 FREY AFse 4439
279

282 B3 & (Polymer Matrix Composites) &

76

HZE 2 u1 2z 71AA 543 €3 5S40
71&d A48 FEAB HE w& B ol
gstA a7EL Jde dEHdE 24 A
AA fA4E AUR Jlemz $F FXEY
40%°18e AHEHI 3.

B ToAe $F F2E] A He o9
7 3 873¢ B3 Lotri ITEA EiHA
5o $F FZEA9 &9 W AHHuZ
g

31 2F &

43 FZEY AHgEHE 18R BEHAR
nXe AY dRrEe 7 J¥E A0 FA4d
A% A &Hdog & + Jded, 1EA 5§
Agojxe BAe 4% 7148 54 AdE
ol 71N Zth A0S F&L 1139 BdF7]o) th3)
12X10Z9 A 50X 107 Atoms/cm? 3 =2 F3 1
NASA LDEF(Long Duration Exposure Facility) 4 8
(29 P Y3 AAEANMY A0 FFol A
YA o] e, 1 Atom ¥ S4HE
Bylo] 99l uh3 & & (Reaction Efficiency) HollAl
IEA BEFARE Yo BA, ¢FvES AY
EA131A] %+ WA Carbon/Epoxy 26X107* cm®
/Atomo.2 333 =, ZEA EfAg9 304
e A0d Y% FA ZAFE ¢ 130 mil
Ax2 ¢ & gEd AF FREY AT
&g 290 ©rh A0S 4FE WY 93 1
22 BgAse FHo| 28 AHE sof 3fn,
2 mil A% FAY &Fvgos QI A
Agsd, a8y fAod $FFU HUE
RGE9 254 A ZHAE7 B9 4 I,
olz 93 1 AFE AAY $est Ao

L$FFA FAE F gl 39 Jve
A2 A (Solar UV) 0|2} & 4= QL& H, 7=, NASAS
LDEF 23 2|3}, 19841 4¥ol A1 F3ke] 1990
d 19, 9 w7A o 59 91EEd ALY
IE 482 kmolA 35E W9 1= 340 km7HA
HEHA LDEF= UVE AFZERHIAAE 4500
A2, Leading® Trailing EolXE 11,000 A%,
LFZdd e 14500 ATHE dgitn gk

Byl HH 68 28 (194 E)



¥3, & BEHE &8

o
<N

& 4. LDEF

UVe $F 7289 A2 "N o2 93
B%H 5E4& AAIEZ Uvel gF AR
54 Astg WA Y8 2hAGE Fokai)
# 4= LDEF 43¥% 1EA EFA39 A0
UV 9%S Jehd Aojt

LDEF 489 7%, 5 9/ vy 3 &
FETAME FAoY £F Hi{E 9P 2
=2 98 35000709 T+ (Crater) 7} A1, 0)F
310070 o]4e] FHe FAel 05 mmolAeld
on, 739 525 mm4 He & THE U
5 TEREA o] FEY o8 EPFHoz
B &L 2E 7 dod, o &4
2 9 FR= 59 7143 EAY Azes 7}
AW, AFAAFHAE FAE ¢ W&o
ol th3 AAA W] mejsojol i,

# #

AFN TZEL $3 T wEFyoz
HYol =&og 248 94 ¥ deg
BYel =25U0e B LxE o 130 Ton,
A=A AT 2P e gy 72
2ol 7l BYRS AY ZALA ¢S g o

C-170 © AEZ o 300 €Y L& A7t AW,

E 53 3N AHEEE HAHEL 135 Wime
HeguAE we dud $3Igos 9gg
HE3e JHIME & 25 27} A7 o
BF 2= Aold gF FZEL gWF mu
obdz} 1800003 (304 F719 Ao @
2L A 522 3 a2 54 o9
RAZATIL F2 AEE Aol Fo. A=)
EV2E A Y oHF FLE 2 Ho
AAHY 7289 45 AsAIE 890 €
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T 4 1EX Sgze A0 UV gF
Atomic Oxygen Fluence  Solar Radiation el
(Atoms/em®) . | (Equivalent Sun Hours)

5208/T300, 934/1‘300*,‘ P1700/C300*, P1700/C300,
930/GY70, CE-339/GY70, F263/T50, 934/T50,
8.99X10% 11,200 X904B/T50, E788/T50, 3501-5A/HMS, E788/C6000,
934/HMF176, CE-339/E-Glass, F593/P75, 934/P75,

| 934/T300, P1700/T300, PMR-15/C6000

843X 107 10,700 Epoxy/Fiberglass

934/HMS, 934/P75s, P1700/HMF, EPOXY/S-Glass,
X904B/GY70, 350105A/HMS, X905B/E-Glass, X-30/GY70°*,
CE-339/GY70, CE-339/P75S, 934/P75S, 934/GU70,

715X 10% 9,400
P1700/W722*, V378A/T300, 5208/T300*, P1700/T300°,
PES/T300°, Polyimide/C6000*, 934/T300°, 3501-6/AS,
P1700/T300, PMR-15/C6000, LaRC 160/Graphite ‘
339X 107 7,100 F178/T300, PMR15/C6000
934/T300, 5208/T300, SP288/T300, SP328
1.33X10% 6,800 Kevlar®, Epoxy, SP290 Boron/Epoxy, 5208/T300
Interleafed w/Kapoton
292X 107 7400 934/T300, LaRC 160/C6000

CE-339/GY700, F263/T50, 934/T50, X904B/T50,

v E788/T50, 3501-5A/HMS, E788/C6000, 934/HMF 176,
1.32X107 11,100 CE-339/E-Glass, F593/P75, 934/P75, 934/T300,
P1700/T300, PMR 15/C6000, 934/GY70, V-108/Kevlar -,
V108/T300, V108/GY70, V108/G837

Carbon/Carbon, Epoxy/Graphite, Epoxy/KevlarC,
Epoxy/Glass(all mounted internally)

X-30/GY70*, CE-339/GY70, CE-339/P75S, 934/P75S,
934/GY70, P1700/W722*, V378A/T300

960X 10" 8200

231X 10° 10,500

*Some of these specimens flown with protective coatings.
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¥, P7& FiHz &

F Atk 29 5 9471A L& A}d) o3 dA =
L2 EFANE(T300 graphite/934 epoxy)] W
Add 2= 2 £XE Yehd Zolt AF YA
Geivte] B, ABWAASFY Aoz QA T
ZE F4E ofF ZA d3ALs e, o)
nAE WPog A3y AT Afde N3 E
A AFANE F Aok v NASA Progra-
mme3 9 ¢l ACTS(Advanced Communication
Technology Satellite)©] 7-¢-, ¢telLte] wA}A 9
AA%7} 0058 mmoly olojo} oz dwye
olF A4stA izE F-Eold, uEz Egx)
8o AHEHE @A dowgoz duy
A7 09 7 &9 #E 23 el ¥
Afr B ERAEY Hewgs FHd) & =
A3l dASY T2EL A F2E AH
52 4XE d9AASIE 02 ARE ALY 5
A HEZ dHFe A A5UAAAH 2 g
2E A4E F Yk $F F2E] A He
5 B74L o] 9ol Particle Radiation, 2% (Con-
tamination), LI F F& & & don) 1Y 62

LEOAANY $38747 o2 A% nua 2y
AN 9% L AN nesol & Ay 58
Y Aol

32 FFxE9 88

+5F TF2E S84 oM mEa EA
89 A
— AR LS 2D F u, AAs)
< FHNE F U
—ERZALe N HAA KK LA
g AW FZEL AZYE & 8.
-5 2% € A=
g a%d & v ERAYE FAFHe B
RAARS #A9 £F £ 4% 720 gl 4
T AAX 71AA, 43 54 BHEA 24
FULER $F F2EF EY: TRE, T 9,
£(Boom), &8 ool ¥ BEx33 4 F2E
ol A $4€ + Ao
Carbon/Epoxy EHABEE 7€ AFu]F9

25
B —75°F to+60°F, A—276 White Coated
20 —75F to+60°F, BMS 10—60 White Coated
5 ~75°F to+205°F, 7306 Black Coated
f 15 [Z} —70°F to+235°F, Uncoated
g .
(%) ' :
g l
5 ‘
< 4
R -I-—.L—J.—J.M‘ i L 4 A A L L '] L M
1 2 3 4 5 6 7 8 9 1011121314151617 18 19 20
Ply number(#1 is surface ply)
J8 5. 2T Xjo| 23t X 23NE OMIY U BF
L 79



DESIGN FACTORS

8 6. LEOOJAMS) B2, M=o Fg MAme

HE AFo|dN 2= 2 ZAHE7 & B
olgl dBZALFE AE 4 Jdom,
AR A fEstez $F1ZE FA] AR
Efa 9 2EF, &8 o] dHY F2E
5ol F2 AHgHo gk AE 107 Hdd =
] g-o] oF 250%HE A8 W, HRJtFHAA BH
kg FA A7l ti3l 1300—280089] BHE £¢
F 8122 Carbon/Epoxy EHARSY 372
Bojo 82 H&FHA FHoA B AH]
k. ojgiel EARY A HE¥ARE 159
odEet S45o] & v, GrtaA X B
BE $F 7254 $437] 93 @A Ndso
AgF| 913, Carbon/Carbon EFAEE A
Zd glon, F&EFAEY MY BdAse
Ag Z7] @A) itk Carbon/Epoxy EHAE
$4 AHe vl$ 2-eul, Hughes Aircraftol H&
ANE Efx F2EFH ZF A A=
TZzE89 HAE €FvFANA  Carbon/Epoxy=
thA st A9 v4-2 Ao, FACMS(Fle-
xible Automated Composite Manufacturing System)
& MEstd 2E 71 2 AYE(nser) % ¥4
A4E A% AFsE HEYd. Carbon/Epoxy
EgdAQge e dYFArog A% 5L

80

59 93 540l £ A& o83t UARS
(Upper Atmosphere Research Satellite)®] 13 +
ZEZ ALY A= wA 5 gle AHE 8 #
Aot Aramid/Epoxy E#AES A, AFTHAA
GHelE Nomex 3HY#H Zo}$} Aramid/Epoxy
HAE AHE3t] M= T2ER AJFOEH
AFNFAE E3 £, &8 ool Am-
mid/Epoxy MEA F2EIFoEHN ZAES
71&9 4%elstz A

SFAAR AHgHE EH2YUEL 9rtAY
F2 B#AEQA Carbon/Polysulfones EAH
(Pultrusion) ¥Ho2 Axdh FAHIY F+X
EdAdsde 98 H¥FHo &1, dFEIL
£-0]% Carbon/Polysulfoned AE7} B3, B4
F99 HEFgol won, WFHAOl 53}
EH Qe FA E@¥AET 4488 #4
EdAR7} 99 57) - A& 0] 05—0.7%°]
H|&) 20—-30% ALE Forg J|AAEE H
SAZCEN BEfARY $F FREIY &4
HE Eo §9¥ & ok $F FREA A}
€57 93 543 Add griay £x 2
A3 Glass/Polytetrafluoroethylene(PTFE) & 12%
Creep(23C), 6% Creep(1500)9) E4L AUz

Bt ¥ 68 25 (194 B)



$3 P78 BPAE 88

Aed, HHANE 15%, 12%9 Creep 549
AA71EE€ 7} RMS(Remote Manipulator Sys-
tem)ol 83 9FE + o RMSE $F

AZE 44387 Y8 983 15 m 7MY HE
AA A 02 Ed Zol7t 18 m, F70] 46 mZ,
FA 2950 kgZhA9] $F AAQES A& + e

W@ 7zEolt. /Ed o] PTEEE & &7

A9 g, gFoE 9 HAH g& W
olvz}l elAlEote @l Outgas’t A9 fle &
A& AU g17] WZol RMS &80 713 A7
A go|t},

314 A B2 SEI(Space Exploration Initiative) 9]
A2 Mg 33 FA $FAYA 2019879
o] A1g9 FAT M= dAH JA AT
$F TZE gy J1ed 3P vdy FA
ge #HA FHE 250 F2E4 A2 &
A8 7leNde A% gtk B 5= @A
F35¢ dtA $FAYo|th. GE Astro
Space= NASA<] UARS(Upper Atmosphere Resea-
rch Satellite) S Kennedy Space Centerl 71&
olAe o AFaA. 34 1771(6879) #Z
Al glolA, GE Astro Space= ¢HHIV AR &
2E7 F+Z2E& ICl/FiberiteAtol] A BA= 2 Qe
EIARE AHRSH4T)h. Pr5/7714—A EZZHa
g PIN/TTI4AZ v e AEE BY £& 7
AEE 47 93A dda @i gty B
#e WAE Amocod P75/1692 T ZFHIE Al
4319tk UARS 977/HEAMY 59 s M3 s
4 gle A& EOS(Earth Observing System)9
Bxe 23 #H2 THTLY HYAs3 o)
EOSE Zo] 38 f, A7 98 ft 2719 19 &
Zgyas el AEE yHoez o]fod
Had & F2EUd eolehye AREY IC
[FiberiteAt9] UHMS/7714—A T ZHI2 THE
o} Fry El: Fx7} 9RPAFE 19
o] A= Yok € AL dAAY gF
E FFAEE 93 B dEd AXA
ojH A FUEE UEZH F §lof NLFA =
gAes dAY Aol @iAHRY EUE
EAQALY QA2 gL gAEES 8839 Car-
bon/Epoxy 2¥AEE Optical Benchdl #&%

# #

7} flck. Benchol e 20709 AZ 23 A
1ZANE RE UYoe ¥S #E S5 Adgs
Edllo] ZAE7} 120X 10° psil RAA G2 HE
AHEEGT o] REFL dFuFel HE nH3R
TTE FUE ¥ B o 93 HYL 2Y
+ 31°| Heat pipe AH&-31A Yotk & TF A
3oz U5 AnE Byg

4.4 &

§3 3 Age oA W, HAo 59 4
AT59 AREL ohde olnl AT Yt
Agold, Seuse 948 84¢ 1A o
WEA R, EE Agdel BT ¥4
FPINE BFEFATAE FAeT o 7]
A7t Felstel AT BFAZ 337 Age
olnl Ao} BE 5079 Wdel 13 H)a
ABE AR Y2 LARE AL HraA @
39 237 A2 A4 2 423 2894 A
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system of sensor/interceptor
vehicles, including Brilliant

all in LEQ. Estimated 1000
Brilliant Pebbles, 40-60 Brilliant

¥ W
I 58X F#ZF0 PFAE
Orblt*/ Launch date/
Spacecraft Mission -flight life weight Composite structure
UARS Research satellite, focus on LEO/3 years 1991/15000 Ib Truss with titanium
stratosphere and mesosphere end fittings
Mars Planetary observer satellite, Interplanetary/ 1992/1018kg High-gain antenna boom
Observer  studying Mars surface, 5 years and struts, antenna
interior, atmosphere, and magnetic reflector, solar array
field panels
EOS Six massive space platforms Polar LEO/ 19981999/ Optical bench truss
with up to 20 instruments 510 years 33250 b
monitoring Earth’s land,
water, atmosphere, and polar caps
simultaneosly
AXAF Third of great observatories, LEO/15 years 1998/32500 1b Optical bench truss,
will study X-ray radiation mirror support sleeves,
solar array pannels,
instrument support struts
SIRAF Fourth great observatory, will HEO/5 years 2001/5700 kg Suspension system for
study infrared, probe young inner helium tank
galaxies, search for brown dwarfs
Cassini  Saturn probe satellite Interplanetary/ 1995/6000 kg Struts on science ‘booms
12 years antenna struts or standoffs,
reflector face sheets
CRAF Astaroid rendezvous satellite Interplanetary/ 1996/6000 kg
12 years
SDI Space-based satellite defense Varying payload sizes and weights, Buses for both sensor

and interceptor
vehicles, platforms,

Eyes and Brilliant Pebbles Eyes. Earliest deployment sunshade, truss
expected in 2000) for NPBES
Tech Stars Small satellite, multimission LEO/mission Mission dependent/ Trusses, buses, optical
configuration for commercial/ dependent 200600 Ib benches, solar array
military payloads panels
ALEXIS  Small satellite to map and LEO/3 years 1991250 Ib Solar paddles
monitor low-energy X-ray sources
ASSTD  Small satellite, multimission LEO, MEOTo be determined/ Primary bus, propulsion
HEOQ,
configuration geared for GEO/3-5 years350 Ib tanks, solar array

military payloads

*low earth orbit, LEO : medium earth orbit, MEQ
high earth orbit, HEO ; geosynchronous orbit, GLO.

parnels, launch-vehicle
adapter, spectronic bays
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