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s A

- 919 (skin or facing), 93] A}o]o]
AT Fok(core), M9} FokE HEah: W
Al(adhesive) 2 745 0] Yo}, 2] 7} 3w 9 s
Al BT A T AFReHE S0l Fa gz
99E AP AFE Peol nrA sz
o]0l dom Mz x ?*—E’Oﬂ’% i'ffﬂ?ﬂ%—
S Ay > olo}o]: o), wbdo) =
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™ buckling ¥ crushing °f ™ & 3
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21 SEMES M MR 02 28
Type T Ailf&e;r \ T\/Iamx

7?01ymer Matrix E-Glass, S- Glass ’I‘hermoset

Composites Graphite Epoxy,
i Aramid (Kevlar) ‘ -Polyimide,
Boron -Polyester,.

Thermoplastics:
-PEEK,

A Jr'Eoly Sulfone,.
‘Vetal—Matrix Boron, BET ) Aluminum
Composites | Graphite J Magnesium
| Silicon Carbide ‘ Titanium

Alumma

Cerarruc Matrix ! Silicon C Carbide \ Silicon Carbide
Composites ‘ Alumina
Silicon Nltnde Glass Ceramlc

Carbon Matrix ’ Carbon
Carbon

Alumina

Composites

16 MATZ IS Mo M4 (1996 12)

ARt FrEC e AMEE T Yo} fe) A
it ol2hl = AR it FAX o] ozt A 1
7kl @Ho] gt eetvlE MfE v A} 2
i &7 4 abrasionA] &o] 9525 whyl Ao g
b HSTEEA) kAl MR A, Aw w R g
7hobE Bow FRES 9 A3 re B2
of Fetst g ziglel rxgowE Hod

¥ 2 4T Saige 24 H|n

rDesHab e] Desirable
Composite Properties Fiber Ke C|Br| Resin
olume Modulus
Tension MH 2 2 ?LZ % M
Compression ‘ LM M 2 3 1 ' HP
Shear M 21 ‘ 311 | 1 H
Modulus ' HP 3121 1 |Nomatter
Elongation Y ‘ 112 ‘ 314 L
(Strain to Failure) | : |
Fracture Toughness ‘ M 1 ‘ 1 J 2 : 2 ‘ L
Bearing MH |2/3]1 ’ M H
Flexure | MH 213|112 M
Impact ' M-H /111 ’ 2 ! 2 L-M
Fatigue M 3‘2[1'2 M
Creep H ' 312111 ’ H
Pressure Vessel Strength ’ H ’ 3 ' 211 ‘ 31 LM
Moisture Resistance ‘ M-H j1]2]1 ' 1 J M-H
High Temp. Resistance ’ MH |1 “ 211 ‘ 1 H
Cryogenic Temp, M-H 11201 M
Resistance ' “ |
Thermal Dimensional ‘ MH |32 113 MH
Stability i
Thermal Conductivity MH |213/1 ‘ 1| H
Bonding MH 1,211 M-H
Vibration Damping MH 2113 | 3 ’ M
Wear Resistance | MH 3|12 ‘ 2| MH
Electrical Conduction, EMI | M.H ‘2 201, 1‘ M
(Lightening, ESD ’ ! ‘ J
Protection) ' ! ‘ ’ ‘
Processing MH ‘ 1 ‘ 211'3 ' M
Density ‘ LM 13,12 J 3 M
Machining | M-H ! 1 f 2 J 1121 M
Source Availability ‘ 2l2i12
Cot L gafezlapd
Low Medium High nghest
Fiber Volume (%) 1535 35~50 H0~65  65~80

Matrix Modulus(Ksi)  150~350 350~ 200 S00~650° 650~ 900
HP : Highest Possible. Gl : Glass, Ke Kevlar, C: Carbon,
Br : Boron _
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Composite Conventional
Aspect o 3 -
L) ngh strength & stiffness fibers ! Local 1rregularmes
“{+) High fracture toughness due to fiber | affect brittle or
surface energy & matnix ductility ‘ ductile behavior

‘ {4} Interfacial load transfer
(- High scatter in fiber strengths
{—) Low interfacial bonds

(~ low transverse strength) \
—) High localized stresses \
J—;low Lransverse ar:glgth) ! -
I Am»otrop,r & Her erogenem enable Slmpe to anahze B
‘ talloring of Material \‘
\ {+) Ability to control and predict mechan- '
ical performance |
-} Difficult to analyze !
{ - ) Computer programming needed
N ﬂbt* Possibility foTanaJ\tmal predlcmon of Twoeastlc
“macro” properties of constituents \ parameters (¢f., oft)
o) Comprehensive test program {(up to 10|
\ basic properties : Ei. Ex Gug, viz Fiv, | Two strength

o F-i Fie, P, Vil o parametgjiﬂcly
() Ability to dealgn matenal & structure * " Few geometrical

In one continuous process parameters, there-fore,

\ (4) Manv degrees of freedom optimization is limited,

— oplimization
- ) Many options make complex analysis

"bhortage of analmca tool ] o
l+) Possible fabrication of entire parts Separatlon between

' (4] Simple tooling ‘material & structure
{4 Few jants *fabrication

| (=) Hand labor ‘,
{ ) Limited standardization & automation ‘ Many joints

(= Extensive quality control B

i+ Long time performance in hostlle en- ‘Semmxeto
}‘ vironment ‘ corrosion
1 {+) Long fatigue life

() Easy maintenance and repair ‘ Discrete defects =

{~) Sensitivity to hygrothermal effects | catastrophic failure
[ — ) Difficult to detect mternal damage
‘ (” I Require proiective coatings o Repdh 13 complex
o 1 (+ Wuéh;&iuctbn 77777 Low cost of raw
) Less tooling 1 material
\ {+) Fewer parts ‘
! {41 Less assembly , High tooling cost
i =1 High cost of materials ‘
(=1 High cost of auxiliary materials ‘ High machining and
‘ ‘ asaembl

| .
Micro mechanics Macro mechamcs \Iechamcal charac erization

Structural Design & Optimization Fabrication technology

Maintamability, Serviceability Cost effectiveness
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51 ¢lth. PEEK(Poly-ether-ether-ketone), P-
EKK (Poly-ether-ketone ketone), ~ PEI(Poly-
ether-imide) %3 7+ _‘H.-P_—OH A mol A A& o)
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Woven handling damage ded for use on

fabric | - Easier forming on

than tape

- Edge selvage sandwich

£ 7]%1—_!‘ ixﬂ_’-—,‘_'_ ‘{J:O] /\]——Q-E].T’_ 9}\1:}' foam >

PU(Polyurethane) o] %2 o]go] gtou}

4 M= T AFEQ Tz 1 U GRS [ t Wﬂ |
_ [ —e—— IR EERR RN ERE i
W] mE AHH S vl dgalgo). | |
. Relative Stifiness = 100 700
| Relative Strength = 100 350 !
H 4 Z2|=02| HEeHo| = ok Hip | Relative Weight = 100 103 |
T £ ] i ——— :
ype o Advantage Disadvantage Remarks ’ I ] N | ! ) !
prepreg ] - H\'HJ | | Ill’H‘;( I BT —
- Can be tailored - No splice Lol | | ‘
more easily overlaps | 3700 ‘I 476
Tape to match loads allowed ‘ i 925 ; 91 |
- Lower raw parallel to I 1 106 | 113 i
material cost fibers 281 2 SIUR 3 FoamS AXIE ALREF T 20| EA1 4T
+ Complex = == ==
contours
more difficult Hl¥ro] H3F radome ¥} (o] radar A i} o] |
_t 1 than fabric o] Folo} st rzirof = AR 9y sty
- Less material
(o]

Less tallorab [ Recommen

I contours & corners requires structure and

- More resistant to large overlap always next to

surface breakout ‘ and width H /C core.
and delamination [ trimming i+ Preferred for
which aids in outer ply
machining and
_ | holedrllng | N
TN ML FEU) P A ey
sh= Fokz 34 & (honeycomb) 1} foamo. 2
wHe duloR prgont s, vz

80 2= foamo] ARg-¥ a1 lc) sh ?}% Rl
VIERE 2 5k Releh (r Aleby), obbul e
WEAF A E A ZE 5 gl

U A SR el A Nomex®7F 7h4h We] mol a9

“Lel 2% @ ROl A% (stiffness), 7w
(strength) ¥ 1 7l (weight) & % 2719 &

UF i foamo. = 53_7%}018 whel gkak mls

RO AFH 2NE AHES o] g
HOGE gkl vla) v '30/"1 e WA FUkvre
F= 77 t 91 Nomex skt A w7E A
W A T A ghe zhzt 7ul w2 3.5u) 2 )8}
& o] N Ao 4Ye vHow
dHAFT Sk 99 978 Agse By g

#tell = PEIl(Poly-ether-imide), PES(Poly-
ether-sulfone), PMI(Poly-methacryl-imide) o}
o] gk 0] e Ajuts o} ol

9] 7] 9ke] compatibility & ¢]ste] 9]
o] 2o} FA FHZ A= Ao oukA
OJMiL R o FAl x5 AL&Ela Qi w7

o] g WAl we) Hap Aol a4
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—- . Fatigue
Weight CTE Stiffness Strength o (3 8°C

2! 3 Comparisons of parametric material properties

STATIC :
[ FATIGUE

Aluminum
(7075-T6)

Titantum Gr/Ep
(BA1-4V) (AS/3501-6)

712! 4 Relative structural efficiency of aircraft materials

ite /epoxy(AS /3501-6) 2] Yat5 @ ¥ 23tz
e Ase uwd Aew Ysky f arsy
o

CENCEE R E R L R
e}

(L
S,

o
Py

4 ZLYQIC| EERHE AL 8E

A4 AAAd R e 23 Wil 3

$oll = mle], 9] ¢

T
A Abgste] Al#tate o] Ankstslol 9o
|

_‘é—_;q] Iz = EET

w

Qe Aol Al vk e, whebr] aE e

1
mo| 7o)t BmaAE ¥ A A 7%l

olm| shwxo] Qli= geholuw A= AL AL
w8k H A s 7ol shishA s ek

Bl

wHol] & a-gvie] As-ole FHiAA el 5
o A wi= wpe} 7ro| fairing, fillet, engine cowl,
radome, door, interior 59| Bl-Fxg Y-, 19
9] vertical ¥ horizontal stabilizer, =¢}2] spoil-
er. aileron, flap S 4o 2% riol] A7E
oz waagavt Abg¥ o] gkew, floor panel
beamo| L}t torque fin boxe} 7+ 13k -l
watg o) AEE 7] Al R obF Hite) <l
ot} whehal & A E & gy 1ol B

Airol ApgO WA pEe] of 10-20%% ™

Alu
il
doogo o

Wit Agolr), olsh (e FAR W FF
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RERG

ol & NEEob= A, unpressurized &
pressurized fuselageo]™ o]zlo] A A3} 5w =
Azl o At Yr g BRI} 325}
2 o2 dadr. & 5% Boeing ¥ AirbusA}
ol A Al zteh gy 7lel Hew B F2 w
olef me T HHge BAS Aow gz
‘:":i_] ] ‘4%—?% HaAEe ALgH W A8

B 5 UEZT|9| BB AR 2HEZt e

‘ Total Advanced Weight
Model .
Comp@ti(Kg) Savmgs Kgr)ui
B737-300 681 g o2z
B757 1516 676
B767 1535 83
A30 - 1050
ABMO | S R

g Tue] gy 78 MR Al Fgo 9
3 Mmstel of clu @ A gelnt 531 g
719} o-r*°ﬂ

& o} °é-‘% TES Zﬂ‘—} —r——gb‘h— ATh =) 5
REx= hghabFolA] 2 A A zFet ) H =
o thEH 2y eIl F3-919 49 engine,
cowl, wheel pants, door, wing tip, tail cone,
rudder, stabilizers& 23N a2 A)g A ztst

AR 20 Uk HHAR e 9] 47 A}
1:

W ke Eg T A
2tatad 1EF AP 7] EE S ol £ o (7
6 =), o5 vigro g 19920l = nl=t McDon
nell DouglaS Abel g & E 719l MD-119] o %
F 2] &}el spoilerE =+
= 3]}_:.3_ 15 FAAS] 2158 3Esle] 7

=YS YN 4¥e 21 ) ik o)
& BFAE LA T e M o Ake
ANX B F, FHEstoutelA] el my s Ay
shod o5 &hatv] A FHAbe] Q1% S B =slg o)

= a8 LA st Aol o] w
o, el

T ]
H/C A(.iher Cpre
_sive | T.Y(F)

GF/ Ep| Nomex \Epoxyl' 250

# 6 St Eo) &127|18 SR ol Mzt sig
T
Items Prep. \

B747 Fl lap
Trackmg Fairing

B747 Wing GF /Epd’—Nom Eoo T e
_Tip Extention GF /PEJV Poxy

50
_MDIlFilet  'AF/Ep| Nomex | Epoxy | 250

Mid Fan Cowl _ |CF/Ep Aluminum Epoxy 350
_MD-11 Spoﬂer»i CF /Ep Nomex Epoxy ) 250 & 35()

B777 Flap GF /Ep, Nomex E . 250
Support Fairing__| CF ”LL S A
B777 Wi

777 Wing GF/Ep| Nomex [ Epoxy 250

Tlp Assemb[ ‘L J* 7747 o 1\77
_Blocker Door |CF /Ep Glass | Epoxy | B0
sk 914 CF/Ep, 250 &

Al E
Solar Panel | AF /Ep| MM | Ep0 XL 350

CF: EVL’S% GF : #ul %, AF : 0}7}”1 A,

Ep : ol 41 5:%), Pe : %alo] 28] 4

o4 W W

[$,]
o
4y

&3 ol s iy @yole 24 1A

s (high performance), %t} & (high capacity),
Z4-%(high speed) 375 pFEe 42 Qlu}. o
T BT F&7]E olvl v)ir BoeingAle] B777
(719 5 #F2) 3} ro] Erho] o ehyoks
g Ay e AeEda, 28 &
7= HAYAX = 2)are] EH‘%‘%*‘W] A <pAbi:
[e]

>,
o
o
2
-

¥k ol sl kAol ©)s}o] Al glo] B4

Ho} AR E A AAAHOm Aol a5y
©oargTloleh olsh e grgvlel Al glof
A ugA e BEgeln dalel 4o y

olu] Boeing AbolAl 2005417 ZAl2 ZEa 2
3 3=2) HSCT(High Speed Civil Transport) &
AR 5 F 9Juh HSCTi= #HFstalax vt 7=
o] &g7lel oF 3uhe)l Mach 2.4 =4 7|4 F¥ o]



%7} 7o) Q0°F ol 2m e 71Ee] o EA &
A Abgol Brbseinl ek @4 neEAol
wr} 953 Pl(Polyimide) o th& 277 &%
3) as @ ek,

4l E A A

6K o &g H{ Tow
oz 718l 12K &8 24K Tow &2 U

Z
-

Askiz Aol Alsatd] o] A5 £l 7HA e 50%
A

1t oo
i
2,
_‘ro F“\
lil 40
N
N
10
w
=~
ot
10

ol AF 74T F o oAty o9} o] ARF
24, B3] g BAd gl Aute] et A
ab 2R 2@ 9ol RTM(Resin Transfer
Molding) 3 z-& ZAA A= v = 9 7
wto) g g 3y, AA Ao A 2

KR

$4S nelstel
Fol S FolAu A e UeskA & 4 A
= concurring design 7WH-& X sodob shoh
Agdeze A4 g F BEAR Ao of
ZSOL damage tolerance 2> impact resistance
= wsly] flek mlyg /Rt 42+ L fibrous
oreform Aol AlFs, 285 Gl A8
g 5 oy ne g A, JEA, sdE e
Pgsiry w3 /ot = /Fe

7} &3 %) o] synergetic effect& it 3lst

7

P

8]

1

o W

2]

o
© o

= hybrid #gsol ek v o o
S BA HAE Sz Adkd G 4 3

AL (NDI) 2 el ) (repair) 2

~
=1

R

W 293 dF Eofo|t}y, 53] oM Azt
st 2 E

(low-temperature cure resin), *-&o]i1} 129
A Agsldr FIdIFT BAHIFS 2e dual
cure-temperature 5x]¢] e FFE A 2
gk olu]a} AlAHH] M7 9 maintenance §°]4
5 AAH 2HoMx 433 ash AiA 7

C % = ol A 30%1 S
1 Ho 2] 150%E A
full scale testing @ 7}

7<]—Z = S _’Fﬁg

lc 6‘}% 7HC} 8-
2.3k 52398 coupon test(3 7
‘5‘}&1‘* gk ol9b 7+ VIEAQl F A “i‘% aF
F A Aol Wb $R3 FRY 5 Aot of
of tio} @A) 7hzke] @y 7] Al A4AE F
9l+ material specification, design manual,
process standard 52| 7fZo] F A A X & FA
g F e AR Hgko] gy ok et

T A}\
Aol &% " duAd AL Aer o
ya,

g B A 2 Agste
RS HF Ao s oA Fa Ry A3t
oA A Fasd mgol d gFolu 3y
B 7Herek s 9F S She] GER AT 3
AN Ao o F 71—.:’5‘_??;"‘ Axjoll whEE 9 A}

2 = SPEC W& #e
Al H-EA s ¥ ;1 ol 4 STP
Book &2 ¥ 8ol W-Fate] H=isi 7t
prRoko] FoA o a2l w=h 3 ol H& i 99 Bot

gelstleh

FARTZS Ko Hlas 99 12) 21
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H7SHME UM IZ ANY 22 287
Types of Tests ASTM Test {Others)

1 [ABRASION ~ WEAR:Loss in| ASTM D | FTMS-406-1001 19 | 2RAIL SHEAR D-4255 -
Weight 20 | RESINFLOW D3 |-

2 | ACCELERATED SERVICE TES | 756 FTMS-406-6011 RESIN CONTENT :

TS : Temperature and Humidity 71 | Acid Digestion D-3171 _

3 | BEARING STRENGTH D-953 FTMS-406-1051 Burn Off D-7584 FTMS-406-7061

4_| BLOCK SHEAR - - 2 | SALTSPRAY TEST B-117 FTMS-406-6071
COMPRESSION : D-695 FTM§7406—1021 SANDWICH CONSTRUCTION:

5 | Compression after impact NASA-1092 | BSS 7260 Compression C-364 MILSTD-4015. 2 1
Compression shear - - 73 | Shear - MIL-STD4015. 2. 2
CORE MATERIALS : Tension C-297 MIL-STD-4015. 2. 3

g | Compression C-365 MIL-STD-4015. 1. 4 Flex C-393 MIL-STD-4015. 2. 4
Shear C-273 MIL-STD-4015. 1.5 Peel D-1781 MIL-STD-4015. 2. 6
Tension - MILSTD-4015. 1. 6 SHEAR : Double(Tap) D-3528 FTMS-406-1041

7 | DEFLECTION TEMPERATURE D648 FTMS-406-2011 Interlarminar (Short Beam) D-2344 FTMS-406-1041
UNDER LOAD 24 | Interlaminar{Lap) D-1002 FTMS-406-1042

8 | DEFORMATION UNDER LOAD | D671 FTMS-406-1101 }nhplane 3—17&%3336 PTMS 406 1001
FLAMMARBILITY OF PLASTICS D63 FTMS-406-2021 onnson . i

¢ OVER (1 050 IN THICKNESS R ” [S)'PEICIFIC GtRAVITY : FTMS.406 5011

7 _406- isplacemen 406
}(1) (};Iéx#l}\{/{?fl‘ ggo iTMS 6108, Physical Measurement D-792 FTMS-406-5012
032 o —
HARDNESS * Barcol D |- B |TACK PTG L T

12 | Rockwell(Plastics) D785 FTMS-406- 1081 &7 | TEAR RESIS 1004 MS 4061121
Shore A & D D-240 FTMS-406-1082 /83 TENSION : Flatwise G297 MIL-STD-401 5, 2.3

13 | IMPACT : Tzod D% | FTVS 06107] e o |
LINEAR THERMAL EXPANSION Bl et DER -

14 | Fused Quartz Tube Method{ Linear) D-6% FTMS-406-2031 Unidirectional D,"3039 _

Cubical D-864 - h 9 .

. — | Woven D-638 FTMS-406-1101

L5 | MELTING POINT: Fisher Jons _, —_ - T VISCOSITY : Brookfeld DI 150255

16 | MOISTURE ABSORPTION Doz, - %9 | Ford Cup D-1200 -

D570 Zahn Cup D-1084 -
17 | OPEN HOLE COMPRESSION NASA-1092 { BSS 7260 "3 | VOLATILE CONTENT : D-3530 -
PEEL : Climbing Drum D-1781 - Residual
18 | Floating Roller(Bell Peel) D-3167 -
T-Peel (1800) D-1376 -
i 8 SYMEZ U FHIY STP Book 2= 22
STP | , ] STP v
Area| : Title Year Area Title Year
_fMwmbec, o . Number _
STP31 TAnalysxs of the Test Methods for High Modulus Fibers and | 1973 STP873 | High Modulus Fiber Composites in Ground Transportation and ! 1985
L Composites ) - High Volume Applications
STP546 | Composite Materials: Testing and Design{ Third Conference) | 167 STP893 | Composite Materials: Testing and Design 196
E"l;PﬁlT Composite Materials: 'I‘est;ng and Design(Fourth Conference) [ 197 1 {Seventh Conference)
| STP#64 ' Recent Advances in Composites in the United States and Japan ‘ 19%5 STP40 | Composite Materials: Testing and Design 197
! STPk7H ‘ Delamination and Debonding of Materials 1985 ! STP{97 | Composite Materials: Testing and Design(Second Conference) | 1972
VS»TiPB.‘JS ‘Eﬁmpos@ Materizﬁﬁtmg and Design 1 196 STP321 ; Analysis of the Test Methods for High Modulus Fibers and | 1973
(Seventh Conference ) Composites
STP460) | Composite Materials: Testing and Design 1970 STP346 | Composite Materials: Testing and Design(Third Conference) | 1974
ES%HiEo;npiosn’e Mater}élizrgstmg and Design(Second Conference) | 1972 7S‘TP565 Foreign Object Impact Darage to Composites 1%
} STP324  Applications of Composite Materials | 1973 STP56 | Fatigue of Composite Materials 1975
TSP | Comn orids: Tout - - STP580 | Composite Reliability 1975
STP3I6 | Composite Materials: Testing and Design{ Thurd Conference) | 1974 v oS ¥
STP30 | Cor@ne Reliability 1975 STPA93 | Fracture Mechanics of Composites 1976
SRR Compos;te Materils: Testing and Design(Fifth Conference! | 1970 STP&17 | Composite Materials: Testing and Design(Fourth Conference) | 1977
Fl#?.‘u ﬂlir;Juig;T}uicL;;Esxon Testing of Steel [ 7 | STP36 | Fatigue of Filamentary Composite Materials 1977
= — N I . .
' STP787 : Composite Materials: Testing and Design(Sixth Conference) | 1952 1 STPA74 [ Composite Materials: Testing and Design(Fifth Conference) 1979
m%ﬂ ! Con&posnemtenals: Quality Assurance and Processing 1512;; STPs96 | Nondestructive Evaluation and Flaw Criticality for Composite | 1979
T — 'T”" 7‘"’: e ——— A — . ; \ Materials
STEwR Esglpre?m Testing - of - Homogeneous - Materials  and | 143 STPT23 J Fatigue of Fibrous Composite Materials 1981
_qempostes
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Area ST Title Year
Number
STP775 | Damage in Composite Materials: Basic Mechanisms, Accumu | 1982
lation, Tolerance, and Characterization -
STP787 | Composite Materials: Testing and Deg@th Conference! | 1982
STP813 | Long Term Behavior of Composites . 1983
STPu36 | Effects of Defects in Composite Matenals 1981
STP864 | Recent Advances in Composites in the United States and Japan | 1985
_STPHTG Delamsnation and Debonding of Materials 1985
STP#93 | Composite Materials: Testing and Design 14986
{Seventh Conference
STPX? } Composite Materials: Fangue and Fracture 1984
STPS27 E Fatigue in Mechanically Fastened Composite and Metallic | 1986
| | Joints -
. STPY8 Fractography of Modern Engineening Materials: Composites \ 1988
and Metals - 1
o STPMb | Composite Malena]s ”[estmg and Design(Third Conferenccl Rty
_STPTSU ‘ Composite Relia Rehablllty 1975
o STT!)()Z Environmental Effects on / Advanced Composite Materials 19
7871‘%» @mposﬁe Matenals: Testing and Design 1977
(Fourth Conference) e -
7%?&; Advanced Composne rlal<jEnXlr713n7men§:ﬂ Effecb L | 198
STPM» ComposrliteiI;A;rlenala Testmg and De51gn Fxfth Comerencel ﬂ?% B
ﬂ;FPlbx Comws1te§@3xtren»e Env onments 1 1982
o STP#hd ‘ R?Len Ad\ ancej[n Lom;;snes n Lherl nn{?d s’@s’gnd Japdnjr 1985
‘ STP427 . Fiber Strengthened d Metallic Composttes 4 96
r STPH{I;W t;lil\amx Composites - | J!ﬁiﬁﬁi
STP447 | Composite MatenJ Testing and Deslgn(Second Conference} Aﬁlﬁsm
STP56 (,OmDOSlVIE Materials: Tei@giand De\lngh rd Contercnu P l‘ifl
STE\! 1 is?mg Teghrnmogx of Melal Mamx Lumpmtex R JQH)\ )
B NiSTi‘P;'»E #Armlys% of the Test Methods for High Modulus Fibers and \ 14973
Composites o e
ASTP.%E) P;tléue e of Cor Compomt? ‘\Aaterml\ - o | 19
%STPSX( Zn;r;\posne Reliability 1 E;TT:
E%g‘il/ Zr;;pos!te Mdterlal§ Teslmgjgril)emgn‘ Fogfﬁgf)nfgrence 7 71‘4.": }
?‘P; V(E;);p;)sne Materials: ()\ialltv Aﬁ&ra’nceidj}q Pmaessmg o 196
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1. Applied Anisotropic Elasticity, R. F. S. Hear-

man,

Oxford University Press, 1961.

2. The Analysis of Laminated Composite Struc-
tures, Lee R. Calcote, Van Nostrand Reinfold,

New

3. Polymer Matrix Composites Vol. 1

€s,

York, 1969.

Military Handbook, Dept.

USA, 1971.
4. Applications of Composite Materials, M. J.

Salkind and G. S. Holister eds.,

. Guidelin-
of Defense,

ASTM Spec-

Area STP Title Year

Number
STP#64 | Recent Advances in Composites in the United States and Japan | 1985 ]
STP452 | Interfaces in Composites 1969
STP7Y | Joining of Composite Materials 1981
STP772 | Short Fiber Reinforced Composite Materials 198‘;—
STP#64 | Recent Advances in Composites in the Umited States and Japan 19&37

L STPET High Modulus Fiber Composites i Ground Transportation and 198:;

High Volume Appiications

| STP®T | Toughened Composites 9%

STP521 | Analysis of the Test Methods for High Modulus Fibers and | 1973
Composites

‘STPME Composite Materials: Testing and Design( ﬁnrd Conference! 1974

NSTPE;lT | Composite Materials: Testing and Design(Fourth CogferenceJ 1977‘”

) STP(X% ‘ Fatigue of Filamentary Composite Materials 1977 B

[:STP&M Composite Matenials: Testing and Design(Fifth (,onference 197(77

;‘$TP734 Test Methoda:apd Design Al](lvybables for Fibrous Composite l%i i

i STP747 | Composite MaEe_rnaJs: Testing and DesigniSixth Conference! 1942

TSTPNT Composite Materials: Quality Assurance and Processing 19&{7
STP308 | Compression  Testing  of H;Jmogeneous Matenals and l&i?gi
o Composites !

! STP#64 | Recent Advances in Composltes in the Umted States and Japan 1985

1 STPY36 | Instrumented Impact Testing of Plastics and Compoane %7

i Materials ) )
STP%4 | Testing Te;hnology of Metal Matrix Com;_)oiﬂvtes 1988
STP460 | Composite Materials: Testing and Design 1970
STP447 | Composite Materials: Testing and Design(Second Conference) 1972
STP.’AH Composite Matenals: Testing and Design!{ Third Conference] ﬁ
S’I‘PMT * Composite Materials: Testing and Design(Fourth Co;xferencel : 19;777

»Sil I?M i Composite Marenal:sg_Testmg and DesigntFifth Qor;fere.nne‘ 194;977

. STPYE  Nondestructive FEvaluation and Flaw Criticality for Composite l%i?‘)i -

L Materials |

;STPTST Composite Materials: Testing and I)e&gn(Smth Conferencel 1982

| gTP&Sq i Eegem Advances in Composttes in the United States and Japan | 194
STW.’% Composite Materials: Testing and Design ' 1986

(Seventh Conference? i

ial Technical Publication, 1973.
5. Composite Materials and Their Use in Struc-
tures. J. R. Vinson and Tsu-Wei Chou, Wiley
NewYork, 1975.
6. Mechanics of Composite Materials, R. M. Jon-
es, McGraw-Hill, New York, 1975.

7. Mechanics of Composite Materials,

Christensen, John Wiley & Sons, 1979.
8. Analysis of Performance of Fiber Composites,
B. D. Agarwal and L. J. Broutman, Wiley,
NewYork, 1980.
9. Introduction to Composite Materials, S. W.

BUPE
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Research Topics
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17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

. Micromechanical analysis of composites

. Thermal properties of composites

. Residual (thermal) stresses in composites

. Failure theories for unidirectional lamina

. Mechanical characterization of unidirectional

composites

. Properties of hybrid composites

. Impact on Composites

. Adhesive joints in composites

. Bolted joints in composites

. Fatigue of Glass /Epoxy composites
11.
12.
13.
14.
15.
16.

Fatigue of Graphite /Epoxy composites
Fatigue of Kevlar /Epoxy composites
Properties of Kevlar /Epoxy composites
Strength theories of composite laminates
Delamination fracture in composites

Stress concentrations in composites

(holes, cracks)

Environmental effects (Temperature, Moisture)
Nondestructive testing

Behavior of damaged composite laminates
Biaxial testing

Dynamic (high-rate) testing

Composite sandwich beam construction
Smart structures in composites

Thermal analysis of composite materials
Cure analysis of polymeric composites
Repair of Composite Structures
Dimensional mismatch in tooling composites

Foreign Journals

W e N U e W N

= e e e
T WO

. Journal of Composite Materials

. Journal of Composites Technology and Research
. Journal of Reinforced Plastics and Composites
. Composites Science and Technology

. Polymer Composites

. Composite Structures

. Composites

. Proceedings of the ASCE

. Experimental Mechanics

. Journal of Applied Mechanics

. ATAA Journal

. Mechanics of Materials

. SAMPE Journal

. SAMPE Quarterly

. Experimental Techniques

[l
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Tsai, Technomic Pub. Co., 1980.

Load Bearing Fiber Composites, M. R. Piggot-
t, Pergamon Press, Oxford, 1980.

An Introduction to Composite Materials, Der-
ek Hull, Cambridge University Press, New
York, 1981.

Fibre Composite Hybrid Materials, N. L. Han-
cox ed., Applied Science Publishers Ltd. ,
1981.

Handbook of Composites, G. Lubin ed. ,Van
Nostrand Reinhold, NewYork, 1982.
Structures Vol. 12- Bonded Joints, ESDU
International Ltd., 1983.

Structures Vol. 13- Buckling of Laminated
Composite Plates, ESDU International Ltd.,
1983.

Structures Vol. 14-Laminated Composites,
ESDU International Ltd., 1983.

Experimental Mechanics of Fiber Reinforced
Composite Materials, J. M. Whitney, 1. M.
Daniel and R. B. Pipes, Soc. for Experimental
Mechanics, Bethel, CT, 1982 : second edition,
Prentice Hall, Englewood Cliffs, 1984.

Primer on Composite Materials : Analysis, J.
E. Ashton, J. C. Halpin, and P. M. Petit, Tec
hnomic, Lanchester, 1969 : revised edition by
J. C. Halpin, Technomic, Lanchester, 1984,
Adhesive Technology Handbook, A. H. Lan-
drock, Noyes Publications, 1985.

The Behavior of Structures Composed of Com-
posite Materials, J. R. Vinson and R. L. Sier-
akowski, Martinus Nijhoff Publishers, Dord-
recht, 1986.

Composite Design 1986, S. W. Tsai, Think
Composites, 1986.

Composite Materials for Aircraft Structures,
B. C. Hoskin & A. A. Baker, eds., AIAA
Education Series, 1986.

Pocket Reference Guide for Composite Mat-
erials Used in Production, Manufacturing Res-
earch & Development A-2020. Boeing
D6-46632, 1986.

Experimental Characterization of Advanced
Composite Materials, L. A. Carlsson and R.

B. Pipes. Prentice-Hall, 1987.
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25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

Structural Analysis of Laminated Anisotropic
Plates, J. M. Whitney, Technomic, Lanches-
ter, 1987.

Composite Design, S. W. Tsai, Think Compos-
ites, Dayton, 1988.

Fiber Reinforced Composites ; Materials, Man-
ufacturing and Design, P. K. Mallick, Marcel
Dekker, Inc., 1988.

Composite Materials : Fatigue and Fracture,
P. A. Lagace ed. , ASTM, 1989.

Delaware Composites Design Encyclopedia-
Volume 1. Mechanical Behavior and Prop-
erties of Composite Materials, C. Zweben, H.
T. Hahn & T. W. Chou, Technomic Pub. Co.,
1989.

Delaware Composites Design Encyclopedia-
Volume 2. Micromechanical Materials Model-

ing, J. M. Whitney & R. M. McCullough, Tec:

hnomic Pub. Co., 1989.

Delaware Composites Design Encyclopedia-
Volume 3. Processing and Fabrication Tec-
hnology, M. G. Bader, W. Smith, A, B. Isham,
J. A. Rolston and A. B. Metzner, Technomic
Pub. Co., 1989.

Delaware Composites Design Encyclopedia-
Volume 4. Failure Analysis of Composite Mat-
erials, P. W. R. Beaumont J. M. Schultz and
K. Friedrich, Technomic Pub. Co., 1989.
Delaware Composites Design Encyclopedia-
Volume 5. Design Studies, K. T. Kedward and
J. M. Whitney, Technomic Pub. Co., 1989.
Delaware Composites Design Encyclopedia-
Volume 6. Test Methods, R. B. Pipes and R.
A. Blake etal, Technomic Pub. Co., 1989,

Dictionary of Composite Materials Technol-
ogy, Stuart M. Lee, Technomic Pub. Co.,
1989.

Fiber Reinforced Composites, K. H. G.
Ashbee, Technomic publishing Co., Inc., Lan-
chester, 1989.

Fundamentals of Composite Manufacturing;
Materials, Methods, and Applications, A. B.
Strong, SME, 1989,

Manual on Experimental Methods for Mech-
anical Testing of Composites, R. L. Pendleton

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

5L

(=]

and M. E. Tuttle eds., SEM (Society for Ex-
perimental Mechanics Inc.), Elsevier Applied
Science Pub., 1989.

Reference Book for Composite Technology I,
11, Stuart. M. Lee, Technomic Pub. Co., 1989.
Adhesion and Bonding in Composites, R. Yos-
omiya and K. Morimoto, Marcel Dekker, 1990.
Analysis and Performance of Fiber Compos-
ites, B. D. Agarwal & L. J. Broutman, John
Wiley & Sons Inc., 1990.

Composite Materials in Aircraft Structures,
D. H. Middleton, Longman Scientific & Tec-
hnical, 1990.

Design of Marine Structures in Composite
Materials, C. S. Smith, Elsevier Applied
Science, 1990.

Engineering Plastics and Composites, J. C.
Bittence ed., ASM International, 1990.
Polymer Matrix Composites Vol. III : Utiliza-
tion of Data, Military Handbook, Dept. of Def-
ense, USA, 1990.

Smart Autoclave Cure of Composites, P, R.
Ciriscioli and G. S. Springer, Technomic Pub.
Co., 1990.

Advanced Composite Materials : New Develop-
ments and Applications, Proceedings of the
7th Annual ASM /ESD Advanced Composites
Conference 30 Sep.-3 Oct., 1991, Detroit, Mic-
higan, USA, 1991.

Cure of Thermosetting Resins -Modelling and
Experiments, J. M. Vergnaud & J. Bouzon,
Springer Verlag, 1991.

Guidence Material for the Design, Mainten-
ance, Inspection and Repair of Thermosetting
Epoxy Matrix Composite Aircraft Structures,
DOC. GEN /3043, 1st ed., International Air
Transport Association, 1991.

Mechanics of Composite Materials-A Unified
Micromechanical Approach, J. Aboudi, Elsev-
ier, 1991.

Metal Matrix Composites, Proceedings of
Symposium B on Metal Matrix Composites of
the 1990 E-MRS Spring Conference, G. Chad-
wick and L. Froyen eds. , Strasbourg, France,
29 May-1 June 1990, North-Holland, 1991.
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52.

53.

4.

55.

56.

o7.

26

Modern Theory of Anisotropic Elasticity and
Applications -Proceedings of the Workshop on
Anisotropic Elasticity and Its Applications,

J. Wy, T. C. T. Ting and D. M. Barnett eds, ,
1990, North Carolina, STAM, 1991.
Nondestructive Characterization of Composite
Media, R. A. Kline, Technomic Pub. Co.,
1992.

ECCM Smart Composites Workshop, Sep.
21-22, P. Gardiner, A. Kelly and A. R. Bunsel-
1, France, Woodhead Pub. Ltd., 1993.

Smart Composites Workshop, EACM, P. Gar-
diner, A, Kelly and A. R. Bunsell eds., Sep-
tember 21-22, France, 1993.

Concise Encyclopedia of Composite Materials,
Kelly, Pergamon, 1994.

Design and Manufacture of Composite Struc-
tures, G. Eckold, Woodhead Pub. Co., 1994.
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58.

59.

60.

61.

62.

63.

64.

Engineering with Fibre-Polymer Laminates,
P. C. Powell, Chapman & Hall, 1994.
Advanced Composite Repair I, II Technical
Training Student NoteBook, McDonnell Doug-
las, 1994.

Mechanical Properties of Polymers and Com-
posites, L. E. Nielsen and R. F. Landel, Mar-
cel Dekker, 1994.

Principles of Composite Material Mechanics,
R. F. Gibson, McGraw Hill Inc., 1994.
Practical Analysis of Composite Laminates, J.
N. Reddy and A. Miravete, CRC Press, 1995.
Fiber Optic Smart Structures, E. Udd ed.,
John Wiley & Sons, Inc., 1995.

Numerical Analysis and Modelling of Com-
posite Materials, J. W. Bull ed. , Blackie Aca-
demic & Professional, 1996. [



