619)

Composite Materials

Top. ABS plastic having
a low glass transition temperature.
/ Used for containment and cosmetic
purposes.

Bidirectional layers. +45
fiberglass. Provide torsional
stiffness. AN

Unidirectional layers. 0° (and
some 90°) fiberglass. Provide
longitudinal stiffness. ~

Side. ABS plastic
having a low glass

on temperature.
Containment and
cosmetic.

Core wrap. Bidirectional
layer of fiberglass. Acts
as a torsion box and
bonds outer layers

to core. Core. Polyurethane

plastic. Acts as a filler.

Bidirectional layer.

£45° fiberglass. ~~ Damping layer. Polyurethane.
Provides torsional Improves chatter resistance.
stiffness.

Unidirectional layers. 0° (and
some 90°) fiberglass. Provide
longitudinal stiffness.

/
Edge. Hardened
steel. Facilitates
turning by “cutting” \
into the snow. \

N\

Base. Compressed carbon
(carbon particles embedded

in a plastic matrix). Hard

and abrasion resistant. Provides
appropriate surface.

“Bidirectional layer. +45° fiberglass.
Provides torsional stiffness.




lAssas1siilon

NN TERNE

(V)

TannaundAluauIAaINg sy

9 V)

e 1. Particle-reinforced composites
o 2. Fiber-reinforced composites

e 3. Structural composites
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Ficure 16.2 A Composites
classification scheme
for the various

composite types | | |
discussed 1n this Particle-reinforced Fiber-reinforced Structural
chapter. | | I | | | I | I
Large- Dispersion- Continuous Discontinuous Laminates Sandwich
particle strengthened (aligned) (short) panels
Aligned Randomly
oriented




COMPOSITE SURVEY: Particle

|

Particle-reinforced

« Examples:

-Spheroidite matrix: 9153 §Eps 0L« — particles:
steel ferrite (w o 29,0 " : .;.,- ;._*_j-;;’;-,oog-.:. cementite
(ductile) \g@;..o ‘o, 3 !‘.}_"‘%ét (Fe; C
Wl 22 (brittle)
-WC/Co matrix: particles:
= (ductile) (brittle,
carbide Vi hard)
10-15vol%!
-Automobile matrix: particles:
tires rubber — =8 c
(compliant) - (stiffer)




1.1 Yoyavialuineniuaaunie

1.2 JuBuanesakaun (Portland Cement

; Concrete)d 3
1.3 ADUNIRNLETULLII LbLAZNIELNTIAADUNIF

(Reinforced and Pre-stressed Concrete)
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Juaananussinnwsndiaifoyniaveruuesianieieglumm3ndudave i

q

-0

FLUUR
lnsunAazUsenaulunigyuiiuudnasauaun 7-15% 11 14-21% 8107 0.5-8%
drunauNazdenduNg 24-30% wazdrunauiiuaynianeu 31-51%

P lUlFuranluN1SNeaS19 @¥NIU 91A1S WU ALY DUY
NUFpNITRNLUULAZIUAYULUAY @1u1saviaala

Usendn 51190 nunu Jesiulle

UYolduAD i tensile strength A1 AAIUBDUAILALAIULUREIS UN1TUAFIVUNY




Rubber
—>y powder

|~ .
e ( particles

DET: BSE .Lllllllll.

SEMMAG: 75x
HV: 250KV DATE: 0351 4/08 S00um Vega®Tescan
VAC: HiVac Device: MV2300 ObducatCamScan




1.2

Usgnoulumeyurnd (Cao) @Em (Sio,) o¥giun (Alo,) uasmaneoenlys

(Fezog)
]

(%4

= ¢ ¢ ¢l ¥ & " v Aa 3 adao v QY o = a
Type I: Yuduudnasauauanlinaly Ligniuuwazunniidamngs dnldinrauninEsa
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Yo aa o ' 2 da Yy v o ]
Type II: Tgnusundgaiinuiunans wiunieszuteinnianududuvasdainnludiuinia
gendund wazdsldluaninwiniouvadiaseaiielug wu sasselug AMunwaiuinualwg

Type llI: §Aundsusegandinadu Mvinnaunsaiidasonlassadiseanss walildau
159U

Type IV: Tdfuswinaaunsaiilulaseadne Inglddmudanuiunnne wu a3radauluge

Type V: aAumunisinangandama 3sldtuawinrauniniinesgniuaunaziiuiniai
Ngarnngs
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1.3 apundaLaiuLse uazsviawmIansunin (Reinforced and Pre-stressed Concrete)

ABUNIALESULSY (Reinforced concrete)

-

Toeiialuanunu

L59A9UDIABUNSA

AZANINABUNTA

us9nUszUN 10-
15 1

S Ao =

W

(

WU ATUADUNIH
zdlvanESuLse
aglupu (Jandn
ADUNIMLEINLT
(Reinforced

concrete) Y9ENU

= 4
BLIAANLLA S ATUNIU

< ni =y
IANMLES UL U
ANUABUNINDIADY
aglusuvuaeuvis
<@ < [V
Wian Wantau
ASUNTILNAN %S0
1 <@ < v
AY1LanN WU

\.
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A Neutral axis

ARBA
B T :
o om pressl()rlfgrle//

r 3 -
Tension zone ___—~—"

P — —— —— S—

% Reinforcing steel

Section A-A

Reinforcing steel A

LRAINATABAINTIITEINUADHNTA
UL UM Wufiindune
94 Lmam&‘nﬁm%wvﬂﬁ”lﬂag ATILILITH
SUWSIAINEA  (After G.B. Wynne
“Reintforced Concrete Structures’”,

Reston Publishing, 1981, p. 2)
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NWIamsamounIn (Prestressed concrete)

[~ = d' o VPN
WuUADUNIANYINLALAR
AR LA
LESULSINDU

nstnsednlidinaztu

M pretension 130 post tension

ﬁﬂﬂﬂ’ﬁﬂLﬂﬂJﬂ’ﬂﬂW]U%ﬂuﬁi@LL'ﬁx‘iﬁx‘i
UYDIADUNIALATULTILA

& oY a P
WAANALLEs LS Iluns ol
WILNIT LNUAUE

(tendons)

n3ed pretension WunudazeglugUves
anewdanldainanavateduiuiy Tng
nvanglifondnuazusiuse ndeuvisdinng
THussnoumAaUnSs onounsnudiiiaz
Idanuidufintuluneunin

Tunsaidu post tension azdinslawanmusudaslilurienas 7
fns8nludnueaglfednu pretension INTLUNADUNTAIULTIA
= | ¢ v Y g A = v Y o § v

Ladayuduuii W nvanevitdsganuugs Yuagiinl

ADUNTNSULTINA Lazansalassalaunty
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Unloaded

Reinforced

’I Unloaded .!

Prestressed
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iagl'a m.com Morrmally the combination of
compression and tension
cause the concrele to bend.

1 ) Compression

e o

Tensioned Cable
applies a compressive force on the bottom of the

concrete. This neutralizes the tension force on the P rete n S i o n

bottom and the concrete does not bend

) Compression s Compression
2. - — ‘l

h Tension

Post-tensioned Concrete is Used in Bridges and in Custem Building Structures:

[+
--‘-_r"'"—
L] - Post tension
Posgt-tensioning terdon in duct

Post-iersioning cables are ofien

“draped” in ordes 1o provide
reinforcemant where it's needed

Detail A 1 5



COMPOSITE SURVEY: Fiber-I
\ | |

Fiber-reinforced

* Alignhed Continuous fibers

* Examples: --Glass wi/SiC fibers

~-Metal: v'(NisAl)-a(Mo) formed by glass slurry
by eutectic solidification. Egiss = 76GPa: Esic = 400GPa.

matrix: o (Mo) (ductile)

flbers Y’ (N|3 AI) (brittle) (b)

16



Longitudinal

direction

‘ | ‘ ’ Transverse
‘ direction
,| -

\|\ 1A
(a)

i k)

I|[|||
1'1.l|

|
L) ]

()

Ficure 16.8 Schematic
representations of

(a) continuous and
aligned, (b) discontinuous
and aligned, and

(c) discontinuous and
randomly oriented fiber-
reinforced composites.
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COMPOSITE SURVEY: Fiber-II
\ r

Fiber-reinforced

|

Discontinuous, random 2D fibers

Example: Carbon-Carbon

--process: fiber/pitch, then
burn out at up to 2500°C.

--uses: disk brakes, gas (b)
turbine exhaust flaps, nose
cones.

ZZ2Z C fibers:
sy very stiff
Sasg—~ ! very strong

.‘\& =% C matrix:
less stiff

Other variations:
--Discontinuous, random 3D

--Discontinuous, 1D

18



2. Indeswving (Polymer-Matrix Composites : PMCs)

e EulaESULSe 3 Uselam
1. 1@lewna (GFRP)
2 tdulemsuau (CFRP)

3. 1duleoysiin " BONEN
3. lanzwnsng (MMCs) uazigsafinuvsng (CMCs)
4. AszvaunsranlouMuasnalaniasuusemeidule
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luum (Glass Fiber Reinforced Polymer (GFRP))

TounaNuu g EduRsSINaNdfin LiNa 1l lASIE519uUU
Jaguanuazlyd1usunuinuW Wi Fiberglass

ANWULLANIZNARD ﬁm'mu%umqa AsUNsanLEnes

pmd)]

18

[V < dld 1 cgsl 1
WURAUIUAITUIDU-LEIUNG ‘lug]ﬂmqmu NUNTUADNTTH
1 < d'd dg! 1 = 1 v
nsau WuauILIWRANA Guu;sﬂa'm KAZNIINIADUYINYN

uwAiildvinloufafidfeull 2 Ussian fe E (electrical)
glass ay S (High-strength) glasses
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E (electrical) elass

-

Dulowinlgiuunianwazldiunssuiunisuaniuusioiios

.
-

AN

Taanasusenauved Lime-aluminum-borosilicate

.
7

AN

Si0, (52-56%) Al,O, (12-16%) CaO (16-25%) B,0, (8-13%)

.
7

AN

.

E ¢lass U%chﬂ/fﬁgﬁ tensile strength 3.44 GPa kay Modulus of
elasticity 72.3 GPa




S (High-strength) glasses

é Y

1AN9AS1AIUYY strength MatvinganaesIANINd1  E glass

\,

lugausngnldniammsuazeinia

-

flaarusznaune SiO, (65%) ALO, (25%) MgO (10%)

\,
é Y

il tensile strength 4.48 GPa waz Modulus of elasticity 85.4 GPa
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m‘,____‘_*,., PURAA

S gIaSS fiber

E gIaSS fiber
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idulearsuau (Carbon Fiber-Reinforced Polymer (CFRP))

(

[@UlaA15UsH (Carbon fiber) YanaImiIsgny 2 THR Ao NOaasas b b Ise
(Polyacrylonitrile, PAN) Laze19ue#n8 3IUAUIETENI1 PAN-precursor Nouviay
i lundmduduloasuausiald

~N

\ y

7 )
dulgansuauingmilldiaSuussdatunanainisdu wu anend

\ y

7 )

Y Aa o v = Y N Y 1

wlatanfiiuininud udawsags wien lalasadn

\ y
CY v = a = = [ = o \
dnlgluauiugiueinie w3esdu wazilosnnsengdslirseiinisilulalu
UIAENNTTUTOLUA

\ y

- )
1 tensile strength 2.34-3.17 GPa 8y Modulus of elasticity 193-413 GPa
LazagliniuYuageatlioadio g ilunisminaIndu

N y




HioH MoouLe
Low CTE

Low MoouLEe
Hicu CTE

N N\

. -~ TYPICAL MICROCRACK
\ “DIRECTION PARALLEL
WITH FIBRE

\

HiGH MoDuLE
Low CTE

Low MODULE
Hien CTE

CFRP
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idulaagsiila (Aramid Fiber-Reinforced Polvymer Composites)

Wureanaluveuduleazlsunfinnadozludlniuas lnssiaan1in1sanan auans (Kevlar)

Taen3luiununinun ANuLasasutedgs NnunuAani1sdige AMua

wuansiveiulied 2 uwuufe LUMSUes 29 (ATAMUILIUA SiALTaTags
senuuunnieldtasiunszau Avusifen aewala was was 49 (ANMUILLLAD §
anuudeusuazuegdsge dnldlunsaSuusmanain a¥uniasdu (3o sooud uaz
Uszandldlugnamnssudue)

Mu288eN19ALlvadldiAUaNIsNBALNBS A9 aLlsunfn wadazlun Ninusslalasiauasg
WuszA1uY19 Tnesiundaduleazlinauudausegenue1dagiindusenuedng



Mer unit

-<—— Fiber direction ———

Ficure 16.10 Schematic
representation of mer and chain
structures for aramid (Kevlar)
fibers. Chain alignment with the
fiber direction and hydrogen
bonds that form between
adjacent chains are also shown.
[From F. R. Jones (Editor),
Handbook of Polymer-Fibre
Composites. Copyright © 1994
by Addison-Wesley Longman.
Reprinted with permission.]
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AaduTRvaslewn?

. TulAdl tensile strength wag Modulus of elasticity fnanle

ATSUBY LA luasIin LALAIAILEALAZ AU LY
119117

- TounnduntenlduinfaalunisiaSunsanaiadinmgiziisna
an
Y

LEAINITLIYS UL N URNU GV DILEW LU LT LRSS ULIINRIRAN

Property E glass (HTS) Carbon (type HT) Aramid (Keviar 49)
Tensile strength, ksi (MPa) 350 (2410) 450 (3100) 525 (3617)
Tensile modulus, Msi (GPa) 10 (69) 32 (220) 18 (124)
Elongation to break, % 3.5 1.40 25

Density, g/cm? 2.54 1.75 1.48
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3, lanzwvsnduazivsfnunsnd

'3’aqwau1amam%nez‘f (Metal — Matrix Composite, MMCs)

< LY av vo a
Judanlansnauilasunisiasuiss

JuTanniiauudausannednsidiulasivin

druanniglusugnamngsy (PUasIHATaIEURlUTOEUA) LagNITHAIL
GERNY

o U

laeialuil MMCs 71d1Aty 3 wWuU AD

1. l@SULSIANY continuous fiber
2. ldSuLsIa8 discontinuous fiber

= Lﬁ%ﬂJLL’Nﬁ’JEJ@ﬂ%mﬂ particulate reinforced
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1. LldSULLSIR28 continuous fiber

s 4 =
- LﬁHIEJV]EJ’]’J&J’]ﬂ"] LﬂJ@‘u’]ﬂJ’Wﬂ MMCs ﬁ]w"U’JEJ“lJﬁU‘U’Nﬂ’J’IﬂJLLGUQLLauﬁ’J’]iJ

=

LLGUQLL'NGUEN MMCs IMWENGU‘L!

- ovglileunausmindfiasuuseielelusoufu MMCs vliausniign
WAUNTY  IPUDIABNTZUIUNITOATOUEULLTUTOUTININUNUUNNE) VD9
avgiiflon vhlviunuevglillondinludenseudulelusen vhliinesiusy
Sum’mﬂuﬁuu 19 continuous-B-fiber-aluminum alloy matrix

- continuous fiber aue] 1 continuous-fiber SiC, LLﬂﬂ‘V\ImazQﬁm, L4
lovisainu

- ﬂ’]’ﬁ‘Lﬂ COHtIﬂUOUS fiber SIC lﬂLﬁ'ﬁllLLSQIa%uNﬁﬂJ1%LV]LUEJ&IE]@?JIU@L%W]
5n% L‘WE)E{T]QLﬂi@ﬂUUﬂ’)’]ﬁJL’ﬁ’JmuaLﬁﬁN U The National Aerospace
plane
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2-3. LE3uL59928 discontinuous fiber wag aUNP

_ fiolguSsumamnssuninlavenaudliiinisiasuuss
sluduanuuds anuudenss wazaumile wasd
gﬂm\‘rﬁmﬁmﬂdﬂ

_ wdnnsHaneasdunsainetles arefufditly

LAS LS

(°%)

- drulngilionnds MMCs azidului Aluminum alloy $in

e

aa

L9vhasimiin gngusaeud
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Carbon face

Carbide

Silicon
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A3 FUUGLTINSVAY Metal —Matrix Composite Materials MMCs

Tenslle Elastic
strength modulus
Strain to
MPa ksl GPa Mgl fallure, %
Continuous-fiber MMCs:
Al 2024-T6 (45% B) (axial) 1458 211 220 a2 0.810
Al 6061-T6 (51% B) (axial) 1417 205 231 33.6 0.735
Al 6061-T6 (47% SiC) (axial) 1462 242 204 29.6 0.89
Discontinuous-fiber MMCs:
Al 2124-T6 (20% SiC) 650 Q4 127 18.4 24
Al 6061-T6 (20% SiC) 480 70 148 1.7 5]
Particulate MMCs:
Al 2124 (20% SiC) 562 80 103 15 7.0
Al 6061 (20% SiC) 496 72 103 16 5.9
No reinforcement:
Al 2124-F 455 66 71 10.3 9
Al 6061-F 310 45 68.9 10 12
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Feusueiinuming (Ceramic-Matrix Composite, CMCs)

L?;Ju";’a@L%ﬂﬁﬂmamﬁlé’%’mmaﬁmLm

%4

L{‘Ju”a ﬂ’ﬂﬂJLL"UQ ﬂ’J’]ﬂJLLGU\‘iLL'N LAZANUNLEINAYU

Tnevialusl CMCs fidéiey 3 wuu Ao

e 1. 1@SULSIR8 continuous fiber
e 2. ld3ULL59978 discontinuous fiber

. 3 La%mméhaawmﬂ particulate reinforced
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1. LdSULSIR28 continuous fiber

- dulenldnedanouasiun (SiC) wazergiilsusanlun (ALO,)

Y

S SEUALNI AU LML UL LA W Chernical Vapor

Deposition 138 bilaulenumeiantnI-losdin

- lglunmsimassuanideuninuseu seuulesiuniiuseu Jan
Jasnunisinnsauludainasy

2 Ay 3. LasuLsInag discontinuous fiber (whisker)

LAY DUNIA

_ AUV UL AU UNIUY DL TN

- nstddulendunazaynpilnleaseuiianunsayinty
gAAIMNIIULANIBNTTUIUNITIIANTIIUAT W1 hot isostatic

pressing (Hiping) 38



Silicon carbide ceramic
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4. AszUUNSHERlIUN2 Processing of Fiber-

Reinforced Composite)

- FUAUIINNITAIRMITIARasNagluwilreanu Ty
Fuane walunandumeiurinduinde,

» ddulennlauvingn ve Wulsuiusslnnange 7
WALZLLANIS LY I UNALA A9
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ASSUIUNISHAR L

wnalugnannssy

; "Glass feed: raw glass components or marbles

)

Protective coating

applications: sizing \y \W/
Strand forming: gathering u
® 9

Winding
Solvent removal or drying

Strand on forming tube CQD_D_O_)
® ®,

or
Roving fabrication / \ Yarn fabrication
Creel

- Glass melt: molten glass

Melting furnace
and
fiberizing element

Strand

Strand on forming tube

< Unwinding: strand

i on forming tube

- Winding: Twisting: yarn on
roving package twister tube (and plying)
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ASTUIUNISHNAANaERNIINTaWN

Pultrusion

=

L_I\JLL/ Preforming Curing Pullers
die die

Fiber
rovings ¥,
Resin R
impregnation
tank

Ficune 16,12 Schematic diagram showing the pultrusion process.

ULR@INITUIWBNIT pultrusion ﬁ’lﬁiﬂNﬂ@l’)ﬁ@]NﬂNWﬂ']ﬂ@lﬂLﬁillLLi{l@’]ULﬂulﬂ Lau‘lmmnm‘lwnummmu WA
NIW die 381 LLﬂ')ﬂﬂ@NﬂﬂﬂM”lﬂU?G"ﬁW‘] ﬁ]”vL@’Jﬁ@NﬁM‘Y]&JTH’]@W%Yl%%’]@@ﬂGYI (After H.G. De Young, Plastic
Composites Fight for Status, High Technol, October 1983. p. 63, High Technology Publishing Co. Used with

permission)



process

Hopper containing
heated resin

Ficure 16.13
Schematic diagram
illustrating the
production of prepreg
tape using thermoset
polymers. f

Doctor

blade Release

paper
Waste release
paper

Heated calender
rolls

Spooled

fiber t

Spooled

repre,
Carrier prepree

=7 N S <\ Ficure 16,14 Schematic representations of
*) A P 75 } helical, circumferential, and polar filament
- - </ winding techniques. [From N. L. Hancox,
(Editor), Fibre Composite Hybrid Materials,
The Macmillan Company, New York, 1981.]

Polar winding

44



oven

1

metering rolls separation film  —
reinforcement fibers | L

. .PHEPHEG
matrice

separation film

Prepreg production
process




FUF Winding Angla

Filament winding

. Angle of fibre warp controled by ratio
/ of Carnaps spaed to rotaona! spaed

~ S
\ , X
Rotating Mandrsi —/ (( 8 Nip Rofers
M'“ ~ Rasin Bath
Mowng Carrisge <—<‘ —
’ Fibres

N«

To Cres



COMPOSITE SURVEY: Structural
\ | |

Structural

e Stacked and bonded fiber-reinforced sheets
-- stacking sequence: e.g., 0/90
-- benefit: balanced, in-plane stiffness

« Sandwich panels
-- low density, honeycomb core
-- benefit: small weight, large bending stiffness
face sheet
adhesive layer—>
honeycom

iiiiiii
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"
Ficure 16.16 - The stacking of successive S a l I d WI ‘ : I l
oriented, fiber-reinforced layers for a laminar
composite.

Face sheet

Honeycomb

Adhesive

Fabricated

sandwich
Face sheet panel
Ficure 16,17 Schematic diagram showing the construction of a honeycomb

core sandwich panel. (Reprinted with permission from Engineered Materials
Handbook, Vol. 1, Composites, ASM International, Metals Park, OH, 1987.)

48



SUMMARY

o C i | ifiod lina to:
-- the matrix material (CMC, MMC, PMC)

-- the reinforcement geometry (particles, fibers, layers).
« Composites enhance matrix properties:
-- MMC: enhance oy, TS, creep performance
-- CMC: enhance K¢
-- PMC: enhance E, oy, TS, creep performance
e Particulate-reinforced:
-- Elastic modulus can be estimated.
-- Properties are isotropic.
e Fiber-reinforced:
-- Elastic modulus and TS can be estimated along fiber dir.
-- Properties can be isotropic or anisotropic.
e Structural:
-- Based on build-up of sandwiches in layered form.
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