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EIZAINQIMH - 2YNOETA YAIKA

Xpnotog lNammakwvoTtavTivou




2 uvOeTa YAIKQ Q

e [a UAIKG TTOU TTOPAYOVTQI PHE OUVOEDN
OUO N TTEPICOOTEPWYV UAIKWYV, KATA
TETOIO TPOTIO WOTE TO VEO «OUVOETO»
EVVIA UAIKO VA EXEI KKOAUTEPEC»
I0I0TNTEC ATTO TA ETTIMEPOUC UAIKAQ.

e MOKPOOKOTTIKO N UIKPOOKOTTIKO
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20vOeTa YAIkG otn duon \Q

® 5-6 QPOPEC HeEYaAUTEPN AVTOX ATTO AUTN
TOU XGAua

e 30% psyu)\UTspn e)\aGTlKOTnTa QaTTO ViAoV
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|loTOPIKO 2UVOETWYV YAIKWV \Q

e ATTO apXAIOTATWY XPOVWV
XpnoiyoTtroiouTav aUVOETA UAIKA (TT.X.
QOTTIOEG, TOCO KATT)

® 2 TIC KOTOOKEUEC N XpPNon oidnpou cav
OTTAIOJO O€ JOPUAPIVOUC VAOUC OTNV
apxaia EAAGOQ NTav yia popen
OUVOETWYV UAIKWV
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2.UvOeTa YAIKQ OTIC KaTacKeu&\Q

® To mo cuvNOIGUEVO VAIKO E1VOL TO OTAIGUEVO
OKVPOOEUN. — AKOUWIO AOY® GKLPOOEUATOC —
EpeAkvotikn avtoyn AOY® OTAIGLOV.

® Z'DAO ETIONG Y10 KOTAGKEVEC
® 10 eVIGYVGELS KOl ETIOKEVEC!

IvorAicueva IloAvuepn




lvoTTAlopéva IMoAupepn

Tvec + MnTtpa
Tvec — avtoxn

MnNTpa — TTPOCTACIO, CUVEXEIQ KAl
ouvoEaN IVWV
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lvotTAlopEva [MoAupepn (|O|_|)\Q
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XapaktnploTika Twv |0l \Q

e YWnAN avroxn Kal JETPO EAACTIKOTNTAC
KaBwC¢ KAl avToXn O€ KOTTwWOon

e AvIOOTpOTTa UAIKQ

e MtTopouv va oxediaoTouv KATAAANAQ yia
Va JO¢ OWOOUV TNV ATTAITOUUEVN AVTOXN

e H TTapaywyn T000 TOU UAIKOU 00O KOl TOU
OOUIKOU OTOIXEIOU N TNC KOTAOKEUNC
YIVOVTadl O€ JIa (pAcon
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XapaktnploTika Twv |0l \Q

e EucAiCia oTnNV KATOOKEUN - JTTOPOUV VA
KOTOOKEUAOTOUV OTOIXEIO JE OUVOETN
VEWUETPIO

e AvTOXN O€ OCEIdWON

e MeyaAn avroxrn o€ OlapKEIQ

® 2 & OPIOUEVEC TTEPITITWOEIC EXOUV
ECAIPETIKEC 1I010TNTEC OTTWG (XAUNAO
OUVTEAEOTN BEPUIKNG OIAOTOANG)
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ACOVIKN TTapauOpPwWon |O|_|\Q

e ACOVIKN TTOPANOPPWON

e To eAa@POTEPO OTOIXEIO VIO OUYKEKPIPEVN TTAPAUOPPWON,
UTTOBOAANOMEVO O€ OUYKEKPIMEVO POPTIO Eival auTo PE TO PEYIOTO Aoyo E/p




Ei10i1ko METpo E)\GGTIKOTF]TOQ\\@
72El
cr L2

e Kpiolpo @opTtio I#

e Madla pa3dou

e To eAa@POTEPO OTOIXEIO VIO OUYKEKPIPEVN OKAUWIA, Eival AuTO PE TO
uéyioto Adyo EY?/p
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Eioiko MeTpo E)\O(GTlKéTr]Tog\,

o
Graphite fiber

O

Unidirectional
graphite/epoxy
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E151k6 MéTpo EAQOTIKOTNTOC

Young's
Material Specific modulus Elp E"p EV3p
Units gravity  (GPa) (GPa-m'/kg) (Pa-m'kg) (Pa"’-m¥/kg )

pstenr of Units: 51

Vwraphite fiber - 230000 .1278 266.4
kevlar fiber : 124.00) 0.08857 251.5
talass fiber . 85.00 10.034 116.6
| Inidirectional graphite/epoxy . 181.00 (0.1131 265.9
I nidirectional glass/epoxy . 38.60) 0.02144 109.1
U ross-ply graphite/epoxy . 95.98 0.060 193.6
Cross-ply glass /epoxy 1. 2358 (.0131 8531
Unasi-isotropic graphite /epoxy : 64964 (435 1649
Lhasi-isotropic glass /epoxy . 18.96 U105 7h.5()
‘el . 206.54 26! o83
\luminum 68.95 107.0




[TAeovekTAuaTta [Ol

e Apiotec Mnxavikeg 1010TNTEC

e AvaAnyn QopPTIOU PYETA TNV QCTOXIO

e Mikpn euaicOnoia o€ EYKOTTEC

e MeyaAn didpkela (wng

e BEATIOTEC AEPODUVAUIKEC ETTIPAVEIEC

e AvTtioTaon otn d1aBpwaon

e ATTOO0[BEon TOAQVTWOEWY (NXOMNOVWON)
e Meiwon Bapouc KAaTtaokeung

e AvVTOXN O€ KPOUOEIC YNANC EVEPYEIQC
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Melovektnuarta [0l \Q

e YWNAO KOOTOC TTOPOACKEUNG

e O unxavikog xapakrtnpiopog Twyv IOl gival
TTOAU TTI0 OUCKOAOG OUYKPITIKO PE EVA
OMOIOYEVEC ICOTPOTIO UAIKO

e H emmiokeun Twv IOl givai
TTEPITTIAOKN/aduvaTn

e Ta IOl dev €xouv uwnAd cuvouUOC O
aVTOXNG Kal OucBpPaucTOTNTAGC
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Melovektnuarta [0l \Q

e Ta IOl dev atroTeAOUV TO XpPUOO
OIOKOTTOTNPO OTNV ETTIOTAMUN TWV UAIKWV

(avToxn, TTOPANOPPWAOIUOTNTA,
OUoBOpauoTOTNTA, CUYKOAIONUOTNTA,
XaUNAO KOOTOC KAl avToxXn o€ OIApKeEla.)
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FIGURE 1.4

Fracture toughness as a function of yield strength for monolithic metals, ceramics, and
metal-ceramic composites. (Source: Eager, TW., Whither advanced materials? Adv. Mater. Pro-

cesses, ASM International, June 1991, 25-29.)




MapdyovTec TTou aTrnpaé(Co
NS

TN MnXavikn cUuuTTEPIPOPA
e |veg
Mnko¢ — AleuBuvon — Zxnua- YAIKQ
e MnTtpa
e Alctmipaveia lvwyv - MNTpac
Xnuikoi Aeopoi — Quoikn TpaxuTNTa — 2UVTEAEOTNC

OEPUIKNG OIOOTOANG - OECMOI XNMIKNG
QavTIOPACONG
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Tutrol [NoAuuepwv \Q

e KOKKwWON 2UvOeTa UAIKA (OKUPOOEUQ)
(particulate composites)

e 2UvOeTa Nipadwyv (Flake)
e |lviwon ouvBeta (Fiber)

e Nanocomposites

e [loAUoTpWTO (Laminats




IOl / Polymer Matrix
. e
Composites e

[ToAupuEpEC . epoxy, polyester, urethane

Tvec: ypapitn (avBpaoka), KEBAAP, UOAOU,
UTTOPOV

MelovekTnuara Twv PMC

e XauNAnN Bepuokpaaia AEITOUupyEIQG

® WNAOI OUVTEAEOTEC BEPUIKAC OIOOTOANG
e YnAn oloykwaon Aoyw uypaciag




MnxaviKEC 1010TNTEC VWV

YAk tvag E Ts p Density Tslp =)

Tensile Tensile (KN/m3)

Modulus Strength
(GPa) (GPa)

Titdvio

XarvPog

E-glass

AvOpaxag
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Mnxavikeg loiotnTeg 0N

TABLE 1.4

Typical Mechanical Properties of Pol ymer Matrix Composites and

Monolithic Materials

Graphite/  Glass/

Property Units epoxy epoxy  Steel Aluminum
System of units: LISCS
Specific gravity — 1.6 1.8 7.8 2.6
Young's modulus Msi 26.25 2.098  30.0 10.0
Ultimate tensile strength ksi 217.6 154.0 94.0 40.0
Coefficient of thermal expansion  pin. /in./°F 0.01111 4.778 6.5 12.8
System of units: 51
Specific gravity — 1.6 1.8 7.8 2.6
Young's modulus GPa 181.0 38.6 206.8 68.95
Ultimate tensile strength MPa 150.0 1062 6438.1 275.8
Coefficient of thermal expansion um,/m/°C 0.02 8.6 11.7 23




Mnxavikeg 1010TNTEG VWV

TABLE 1.5
Typical Mechanical Properties of Fibers Used in Polymer Matrix Composites

o TE—

Property Units Graphite Aramid Glass  Steel Aluminum

System of units: LISCS

Specific gravity — 1.8 1.4 2.5 7.8 2.6
Young's modulus Msi 33.35 17.98 12.33 30 10.0
Ultimate tensile strength ksi 299.8 200.0 224 8 94 40.0
Axial coefficient of pin. /in. /°F -0.722 —2.778 2778 6.5 12.8

thermal expansion

System of units: SI

Specific gravity — 1.8 1.4 2.5 7.8 2.6
Young's modulus GPa 230 124 85 206.8 68.95
Ultimate tensile strength MPa 2067 1379 1550 648.1 275.8
Axial coefficient of um/m/°C -1.3 -5 D 11.7 23

thermal expansion
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[Tapaokeun AvBpakovn pdva\
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bieomn 1,11

B ol manutacturing a carbon hiber from PAN-based precursors.
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PoAoc Tn¢ yntpacg ata [0l \Q

MeTagpopd TAOEWV
NMpoopipel TTpooTATIa
KaBopilel Tn O1aTUNTIKN AVvTOXA

KaBopilel Tnv d1aTUNTIKA
OVTOXK METAEU OTPWOEWV
KaBopilel Tnv avroxn
KaBopilel Tnv
ETTECEPYAOINOTNTA
KaBopilel Tnv avroxn o€
UYPNnAEG BEpHOKPACTIiES
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Aladikaoia TTEPITUAIENG VI’".IGTO\';\Q

Resin-
impregnated
fibers

e

Traversing
carrigge

NI LT Y

FIGURE 1.16

fa) Filament winding process; (b filament wound pressure vessel with liner (From Chawla
KLk Comgnarfe Mabermals — Seicuge aond Prigaincering, Springer-Verlag, 1995 Reprinted by peor-
mission of Springer- Verlag.)




OEPUOTTAAOTIKA

e [1oAupeEpN TTOU HOAAKWVOUV KOl PEOUV
OTAV O€ AUTA €PAPMOLETAI CUVOUQOUEVA
popTION KOl BepuoTnTa (Beppokpaaia
EKTPOTING)
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©ePUOOKANPUVOHEVA \Q

e [loAupuepn TTou oTtav BepuavBouv
TTOAupEpiICovTal Kal n dladikaaia €ival un
QVTIOTPETITN.




OepUOTTAACTIKA KA

OepUHOOCKANPUVOUEVA

Thermoplastics

Thermoset

“otten on heating and pressure, and thus casy o repair

Hligh strains to failure

Indefiniice shelf life

Lan be reprocessed

Mot tacky and easy to handle

short cure cveles

ligher fabrication temperature and viscosibies have
made it ditticult to Process

I'xcellent solvent resistance

Decompose on heating

Low strains to tailure

Detinite shell lile

Cannot be reprocessed

hh.'|-2:'-'

long cure cveles

| ower fabrication temperature

Fair solvent resistance




- \
Sheet Molding Compounds\Q

(SMC)

Matrix: polyester resin, vinyl ester resin

Used for compression molding process

SMC - R: randomly oriented discontinuous fibers
SMC — CR: containing a layer of unidirectional

continuous fibers
XMC: containing continuous fibers arranged in an X

Flgure 2.35 Various types of sheet molding compounds (SMC): (a) SMC-R, (b) SMC-
CR, (c) XMC.




Prepreg Manufacturing

Controlled heating ¢lements

@] U

Badddip material
(release film)

M etering doeffice

X

Hiber collimator

&

Hiber padiage

0

Mesin solution

FIGURE 1.14

Schematic of prepreg manufacturing. (Reprinted from Mallick, P.K., Fiber-Retnforced Composites
Matermls, Maunfocioring, amd Desivi, Marcel Dekker, Inc.. New York, Chap. 2, 1988, p. 2
Courtesy of CRC Press, Boca Raton, FL.)




Bag Molding Process / \\

Autoclave Process
Typical Vacuum Bagging Layup

BAGGING FILM

PEEL PLY OR
PERFORATED

RELEASE FILM

BREATHER /BLEEDER
VACUUM HOSE

VACUUM \ﬁ
CONNECTOR

.......

.........

e E A T
;

TOOL SURFACE

RELEASE FILM
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Stress strain relationships of

unidirectional composites tested In

flexure
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Percentage of strength retention at hiéh

temperatures

140
All samples considered here reguire temperatures in excess of 1000°C
to cure Only the Carbon/Polysialate does cure at 80 or 150°C -
120
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High Modulus Carbon Fiber X\
Properties

Tensile
Modulus
(msi)

Tensile
Strength
(ksi)

Elongation
(%)

Filament
Count

Filament
Diameter
(um)

K63712




Core materials

e Foams

eBlown Foams
made by mixing or injecting a gas into a liquid
eSyntactic Foams

made by mixing a matrix (“binder”) and a gas-
filled aggregate (“filler”)

e Honeycomb
e Balsa Wood







| \
Experimental Program \Q

e research focus Is on developing high
temperature lightweight structural
sandwich panels

e Core Is a syntactic foam, made by the
embedding of randomly dispersed
lightwelight spheres in a Geopolymer
matrix

e Carbon, Glass, AR-Glass and Silicon
Carbide fibers were used as skin
reinforcement




Test Matrix

Type of Test

Grade 2
Titanium

Room Temperature

After Exposure at
200°C

After Exposure at
400°C

Three point
Bending

3 specimens
25.4x1.6x200m
m
(WxDxL)

5 specimens
25.4x2.1x200mm
(WxDxL)

5 specimens
25.4x2.1x200mm
(WxDxL)

5 specimens
25.4x2.1x200mm
(WxDxL)
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Load vs Deflection curves of Grade 2 \
N
Titanium Specimens T

20 30

Deflection (mm)




Load vs Deflection Curves of HMCF Specime
at Room Temperature

10.0 15.0

Deflection (mm)




e Different M/S ratios (1/5, 1/4, 1/3, 1/2)

e Different sphere combinations

e Use of chopped fibers in the matrix




Sphere Percentage vs. Spemflc\\
Strength
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P-value = 0.00
R2=10.801
Significant correlation at 0.01 level
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Uniaxial Compressive Test ..




Properties of cylinders made Wit
: : : e
increased M/S weight ratio  ~

Spheres Spheres Spheres
M/S ML3050 ML1430 ML714
(%) (%) (%)

Specific
Strength
(KNm/KkQ)

Density Stress
kg/m3) 024 (MN)  nim2)

100 0 0 835.41 10976 5416 6.48

80 20 0 801.41 12661 6248

0 723.69 9545 4710 6.51

69455 10153 5010 721>

635.29 4274 2109 3.32

608.10  3201.7 1580 2.60




Stress vs Strain curves from compressive tests of
cylinders with mix designation M/S: 1/2 made Wl\th,i
80% type 1 and 20% type 2 spheres
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High Temperature Exposure ..

e Cylinders exposed at 800°C for 5 minutes

e No degradation of compressive strength
and modulus




Ceramic cylinders
Highest specific strength

Compressive Tests

Peak Peak Stress Elastic
Peak Load (N)  Strain (%) (MPa) Modulus
(MPa)

Average 10,173 0.930 5.02 647.2

Tension Tests

Peak Peak Stress
Peak Load (N) Displacement (MPa)
(mm)

Average 10,379 0.71 1.32




Properties of different types of COY
: e
materials T

: : Compressive strength
Material Density (kg/m3
y (kg/m*) (Mpa)
Corecell Foam 50-200 0.42-13

Linear PVC Foam 50-80 0.4-0.9

Cross-linked PVC Foam low 40-80 0.5-1.4
density

Cross-linked PVC Foam 100-200 2.0-4.6
high density

Copolymer foam high 200-400 4.0-13.0
density | |

PU rigid foam closed-cell 60 0.42
PEI/PES foam 80 0.75
Aluminum Honeycomb - 4.2

Geopolymer-Ceramic 500-700 1.50-5
Spheres Core







Properties of cylinders made Wit\N
polystyrene spheres i

Peak Peak Elastic : Specific
Displacement Al Al Stress Modulus Density Strength
(KNm/kg)

i 3
(mm) Load (N)  Strain % (kg/m?3)

(MPa) E (MPa)
70.91 0.90

54.40 1.05

333.19 0.59

1/3.5CS




Conclusions

e The density of the mix greatly affects the
mechanical properties of the foam.

e There Is strong correlation between the
type of spheres used in the mix and the
strength of the foam

e The highest specific density was obtained
by a mix containing 80% type 1 and 20%
type 2 spheres having a matrix to spheres
weight ratio of 2/1.




Conclusions

e The selected ceramic syntactic foam had a
density of 695 kg/m?

e The compressive and tensile strengths of the
ceramic foam are 39 MPa and 3.7 MPa
respectively.

e The elastic modulus of the foam I1s 650 MPa.

e The stress-strain response of the core material
IS linear elastic in tension and compression. In
all cases the failure was brittle with no post peak
resistance.




\
Conclusions \Q

e The core retains its compressive strength
even after exposure at 800°C.

e Polystyrene spheres can be used with
nolysialate matrices in order to fabricate
ightweight foam with 88 kg/m? density and
0.10 MPa compressive strength.




Conclusions

e [t IS feasible to fabricate laminates
using a titanium core and inorganic
matrix-carbon composite.

e High modulus carbon tows can be
attached to the titanium core using
Geopolymers.

e [n all cases, the failure occurs by
fracture of carbon in the tension face.




Conclusions

e No delamination of the composite skins
was observed.

e The strength degradation is negligible up
to 4000C.

e The stiffness of specimens subjected at
elevated temperatures was slightly
reduced.







