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Today, we are going to talk about some of the composite materials with a special focus on the

fibres of some of these composite materials. So we are going to talk about fibre reinforced
composites and mostly polymer matrix composite that is the 1% very important thing. Then
also we will talk about little bit on metal matrix and ceramic matrix composites. Now, when |
am talking about polymer matrix composite, what we are telling is that the matrix has to be
polymer okay.

But what about the reinforcement, we are remaining silent about it, but the reinforcement for
polymer matrix composites are generally either polymer or ceramic. When we are talking
about metal matrix composites, then so these are the reinforcements, then it will be either
metal itself as a metallic fibre or ceramics. The reason why polymer and ceramics for
polymer matrix composites are chosen because of matching of coefficient of thermal

expansion plays an important role.

And secondly, the strength and | mean exactly the interlocking that takes place between the
fibre and the matrix that plays an important role, so also in the fabrication process plays an

important role. So this is metal matrix and for ceramic matrix composites it is the same thing,



metal or ceramics. For carbon-carbon composites, carbon itself is the matrix and carbon itself

is the reinforcement okay.

Mostly the carbon or graphite form, so this is what we are going to have an overview on the
whole thing and then finally we are going to talk about structural composites that means how
do you make a composite layer by layer. Now let us 1% of about fibre reinforcement

composites.
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Polymer-Matrix Composites (PMC)

Matrix = Polymer resin \ F 25
Fibers — reinforcing medium | S - Glem (% A
A) Glass Fiber-Reinforced Polymer (GFRP) Composites C - &l ( Caveds m)

Matrix — Plastic (most often epoxy, polyester resin)
Reinforcement — Glass fiber/E-glass (Diameter = 3-20 pm)

v Typically 55% Si0,, 16% Ca0, 15% Al,0,, 10% B,0,, 4% MgO.
v Easily drawn into high-strength fibers from the molten state.
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Density 2100 kg/m’* (Light weight)

Longitudinal Transverse
Tensile Modulus (GPa) 45 12
Tensile strength (MPa) 1020 40

Limitation — Service temperature up to 200°C (above which polymer/matrix starts deteriorating).

So the 1% example of such composite is GFRP that is Glass Fibre Reinforced Polymer
composites. And that name itself is telling us that reinforcement is Glass fibre and when we
talk about glass fibre, there are various types of glass fibres they are in fact, like E-glass fibre

that is for electrical purposes, insulation that was 1% discovered, so it is important.

And there are now couple of very specific glass fibres like S-glass fibre which is good for a
strength point of view, so this is available today as a special type and also C glass fiber, so
this is against corrosion, from the corrosion point of view. So however, the most common one
is E-glass fibre and the most common matrix is actually epoxy, polyester resin. The diameter

of this fibre is between 3 to 20 micrometer.

And typically each one of this fibre if you look at the composition, you will see about 55% of
silica, so silica has the major composition, then 16% calcium oxide, 15% Alumina, 10%
boron oxide and 4% magnesium oxide, so all these things together actually makes the glass
fibre. In fact, you can see the glass fibre here you can see it here that the 1% one and the 2™

one, these are the 2 where the fibres are actually whitish, transparent translucent in nature.
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These are the glass fibres, this is the symbol fibre and this is the fibre when it is having some
cross S in it to keep it into collusion, so these are the 2 glass fibre examples. So these are the
glass fibres and then if | actually apply the epoxy resin, then it becomes a composite and this
composite will look something like this.
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So you can see that the fibres are there inside and then there are layers of this epoxy resins,
the polymorphic resins that are applied and finally you will get a strong structural composite
out of the whole system.



Of course there is also an embedded damage in it, rectangular damage; | will talk about such
a thing at a later stage, but this an example of a glass fibre reinforced composite. So what is
the kind of weightage possible? By weightage what do you mean, what is the maximum fibre
volume fraction possible that is generally 0.6 that means 60% volume will be fibre maximum.
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Polymer-Matrix Composites (PMC)

Matrix — Polymer resin |

i = 25
Fibers — reinf d | = "
Ders = reinforcing me |um‘ Si_(ﬂﬂi)- (
A) Glass Fiber-Reinforced Polymer (GFRP) Composites C - &l ((’fmum)

Matrix — Plastic (most often epoxy, polyester resin)
‘ Reinforcement — Glass fiber/E-glass (Diameter = 3-20 um)

‘ v Typically 55% Si0,, 16% CaO, 15% Al,0,, 10% B,0,, 4% MgO.
v Easily drawn into high-strength fibers from the molten state.

Density 2100 kg/m* (i.igh{ weight)
e
Longitudinal Transverse
Tensile Modulus (GPa) | a5 ] [i—il
Tensile strength (MPa) 1020 40 E-glass

Limitation ~ Service temperature up to 200°C (above which polymer/matrix starts deteriorating).

You try to always increase the amount of fibre in order to improve the strength and modulus
of elasticity, etc. So 60% is generally the maximum possible and 40% then is the Epoxy
matrix, with that composition the density will come about 2100 kg per meter cube. Just
compare that will be density of steel and that is about 7400kg per meter cube, so you can see

that how light this system is.

The tensile modulus is about 45 gigapascal, just compare this with something very close will
be maybe Aluminium which is close to 70 gigapascal and this is however anisotropic, this is
the longitudinal modulus and the transverse modulus is much lower that is 12. If you

remember the spring analogy that | have shown you in the last class that explains this.

Then the tensile strength is about 1020MPa for the longitudinal direction and about 40MPa in
the transverse direction. The only limitation, so structurally it is quite good in fact, whenever
steel with moderately lower rate element is needed or Aluminium, you can very safely use the
glass fibre reinforced plastic. If you need slightly more strength, you can go for S classes,
etcetera. But the limitation is that the service temperature is up to 200 degree centigrade,
which should not go beyond that. If it goes, then the flow will start or the degradation of the

matrix will start, so hence this is the limitation temperature wise.
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APPLICATIONS

Automotive and marine bodies, plastic pipes, storage
containers, and industrial floorings.

GFRP Chemical Containers
nhetp://www.hhiy chemchena.com/mhiye/

GFRP rebars used for making pedestrian bridges
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There are many applications of it like you can see automotive and marine bodies, many of the
sports yard for example are actually made of glass fibre reinforced plastic because that way
you can make it very like and then die plastic pipes, storage containers, industrial floorings.
We can see that this is a typical bar ribbed bar, which is made of actually GFRP; GFRP

rebars which is used for making the pedestrian bridges.

So there are varied applications and GFRP is coming up to be one of the most | would say
widely used composite because of these advantages. The next composite which has very-very

high-performance applications are actually Carbon Fibre Reinforced Polymer composites.
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Polymer-Matrix Composites (PMC)
B) Carbon Fiber-Reinforced Polymer (CFRP) Composites

Matrix — Polymer resin
Fibers - Carbon fiber (reinforcement)

* Carbon is a high-performance fiber material because
¥ Highest specific modulus (E/p) and specific strength of all reinforcing fiber materials and
retain same at elevated temperature.

v At room temp. not affected by moisture or a wide variety of solvents, acids, and bases.
v Manufacturing processes relatively inexpensive and cost effective.
* Fiber diameters normally range between 4 - 10 um.

Density 1600 kg/m* (Light weight)
Longitudinal Transverse

Tensile Modulus (GPa) 145 10

Tensile strength (MPa) 1240 40

Carbon fiber ‘
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So carbon fibre if you look at it, once again | will show you how it looks like. These are
blackish things, these are the carbon fibres and in various forms you can have. This is
unidirectional fibre and then you can have such carbon fibres which are oval form for

example okay.
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Or in cross plies or prep rake forms okay, random orientation, etcetera, you can have the
carbon fibres in various forms. So these 3, 1 2 3 these are examples carbon fibres. So you can
just like GFRP, you can actually make Carbon Fibre Reinforced Composite. Now carbon is a
very high-performance fibre in comparison to glass fibre. It has very high specific modulus E

by Rho ratio that is modulus of elasticity to density ratio.
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Polymer-Matrix Composites (PMC)
B) Carbon Fiber-Reinforced Polymer (CFRP) Composites

Matrix — Polymer resin
Flbers Carbon fiber (remforcement)
* Carbon is a high-performance fiber material because

¥ Highest specific modulus (E/p) and specific strength of all reinforcing fiber materials and
retain same at elevated temperature,

v Atroom temp. not a moisture or a wide variety of solvents, acids, and bases.
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v Manufacturing processes relahvelv inexpensive and cosyffective.

* Fiber diameters normally range between 4-10 - 10 um. (S5 chl

Density ! 1600 kg/m! (Light weight) I)

Longitudinal |Transverse
Tensile Modulus (GPa) 145 10
Tensile strength (MPa) 1240 40
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And also it has a very high specific strength, so high specific modulus and high specific

C arhnn7177;'r

Refecence: hitis://www s4yycompovtes co.uk/

strength. Not only that, it can retain the same at any rated temperature. GFRP by 200 degree
centigrade it is of no use, whereas CFRP can be used to a much higher degree of temperature.
And at room temperature it is not affected by moisture and a wide variety of solvents, acids
and bases, but the manufacturing process is relatively inexpensive and cost-effective, still it is

expensive particularly carbon fibres are expensive.

So with the same 0.6 kind of a volume fraction and a fibre diameter about 4 to 10
micrometer, you will achieve here a density of 1600 that means C carbon fibre is actually
lighter in terms of density the Rho the density of the carbon fibre okay that is lighter than the
density of the glass fibre, so that is something that is very important.

On the other hand, if you look at the tensile modulus you get something like 145 which is
very close to steel, double the Aluminium, transverse highly anisotropic, transverse is only
10GPa and tensile strength is 1240MPa, transverse strength is about 40MPa, so that is
anisotropy is something that one has to keep in mind while making a structural composite out

of this system.
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Carbon Fiber Wheel - BMW
ooy e Dol

These are various applications of carbon fibre composites as you can see that this is a BMW

Reference: HTp://waw.tcbmw fber ceinf plastic-ctrp-wheels

.........

carbon fibre wheel okay, this is the steering of carbon fibre okay and then there is the special
seat, etcetera, so there are many applications of carbon fibre you will see. Why for example,
mountain bike frames you will see, 787 Dream liner has nearly 50% frame made of CFRP.
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Other applications - CFRP

Lamborghini Aventador LP700-4

CFRP - Wheels, frame, seats

Referonce:
Simart Matur ials B sctises and Sysieems
Labweatory
T Kangius

And the other interesting application is in terms of the racing cars like Lamborghini

Aventador, you will see that CFRP is used in its wheels, in its frames and in the seats itself
CFRP is used. CFRP is also getting a lot of use in the sports goods for example, the rackets.

So by making it light but strong, you can actually save lot of muscular energy and hence you



can improve the performance in the game, thus CFRP is very well popular in such sports
applications as well.
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Polymer-Matrix Composites (PMC)
C) Aramid Fiber-Reinforced Polymer (AFRP) Composites
* Trade name of most common Aramid fiber — Kevlar™ and Nomex™
* Chemically, this group of materials is known as poly(paraphenylene terephthalamide).

* Known for its toughness, impact resistance, and resistance to creep and fatigue failure.

«» Strong covalent bond axially, weak hydrogen bond transversely.

<» Negative Coefficient of expansion due to kinks —_—P
< UV sensitive — degrades 9% (-
{ .
 Kevlar (Fiber volume fraction = 0.6) Epoxy matrix ‘
\ 1
Density 1440 kg/m’ (Light weight)
Longitudinal  Transverse ' TR L
Tenslle Modulus (GPa) 76 5.5
Tensile strength (MPa) 1380 30
Smart M-lld‘l:':i::u:'- and liywiems mld'ﬂb"
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The 3 one in the 1 matrix composite that is equally important in terms of application is
actually Aramid Fibre Reinforced Polymer AFRP. So here the fibre is like glass work, the
glass fibre and carbon fibre that in this case the fibre is actually Poly Aramid fibre, once
again | will show you how it would look like, so this one is yellowish one, these are the Poly
aramid fibres.

(Refer Slide Time: 12:32)




You can get it in various forms as simple fibres as well as woven fibres so woven cross,
bidirectional, so these are actually Kevlar or Nomex that is the name of such a system. So this
actually is very much known for its toughness, impact resistance, resistance to creep and
fatigue failure. And the reason of its high strength is because of the axial covalent bonds and

however, it is very anisotropic, it has weak hydrogen bond in the transverse direction.
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Polymer-Matrix Composites (PMC)
C) Aramid Fiber-Reinforced Polymer (AFRP) Composites
- ey

* Trade name of most common Aramid fiber - Kevlar™ and Nomex™

* Chemically, this group of materials is known as poly(paraphenylene terephthalamide).

* Known for its toughness, impact resistance, and resistance to creep and fatigue failure.
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«» Strong covalent bond axially, weak hydrogen bond transversely.

+ Negative Coefficient of expansion due to kinks —_—

«» UV sensitive — degrades
et P Sl

Density 1440 kg/m’ (Light weight)
Longitudinal Transverse

Tensile Modulus (GPa) 76 , 5.5
Tensile strength (MPa) 1380 30
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And it has negative coefficient of expansion due to kinks, so that is also another interesting

Reference: W.0 Callister, 7 £d.

point you have to keep in mind while designing and it is really sensitive within little bit of a
negative sign of it that it degrades with the UV exposure. Now Kevlar with a 0.6 volume
fraction, you can see that the density is 1440, so it is even lighter than CFRP in some of the
cases and definitely it is lighter than GFRP.

And if you look at the tensile modulus, it is close to aluminium 76GPa in the longitudinal,
transverse it is pretty weak only 5.5. And this is tensile modulus; tensile strength is 1380MPa
in the longitudinal direction and 30MPa in the transverse direction. One important thing we
have to keep in our mind that in terms of fibres, glass fibre is inorganic in nature, carbon fibre

you may call carbon inorganic or organic.
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Typical applications

+ Ballistic products (bullet proof vests and armor)

* Sporting goods

* Ropes

* Missile cases

* Replacement for asbestos in automotive brake and clutch linings, and gaskets.

Bullet proof Vest

Smat Matustale St turve and Sysinma www.keviarxp.dupont.com
labioratory
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But definitely this one the Aramid fibre this has the organic fibre that organic fibre is actually

Bz

this Poly paraphenylene terephthalamide or similar such fibre, so that is about the Kevlar
fibre. Typical applications, one of the most important applications today is for the BPJs or in
other words bullet-proof jackets or vests. So it is because of its light weight, but I shock

absorption capability, it is used in ballistic products.

Also it is used in sports goods, ropes for the climbers and missile cases and many cases it is
working nicely as a replacement of asbestos in automotive brake and clutch lining. See,
asbestos is a good fibre, but the problem of asbestos is that it is injurious to the health, so in
such cases this particular fibre is actually working very well as a replacement. Now if we
compare between the 3 types of composites with the same volume fraction 0.6 and the same

matrix epoxy matrix otherwise, it will not be a fair comparison.
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Comparison

olume fraction = 0.6),\Epoxy matrix

(Fibre

Longitudinal Transverse Longitudinal Transverse
GFRP 45 12 1020 40
.(2100 kg/m?)
Aramid (Kevlar-49) 76 5:5 1380 30
(1440 kg/m’)
CFRP 230 10 1240 40
(1600 kg/m?)
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GFRP density is the highest 2100, Poly aramids they are in the middle 1440 in fact, they are
the lightest and CFRP 1600, so you can call Poly aramid to be the lightest and GFRP to be
the heaviest among them. And if you look at it from the stiffness point of view, then CFRP is

very stiff, so this is very high stiffness, so very high stiffness.

In fact, close to steel somewhat more than steel in the longitudinal direction, in the transverse
it is only 10 and the tensile strength wise it is close to steel that is 1240MPa whereas,
transverse it is about 40, so in many senses other than the density CFRP is better because it
has higher modulus of elasticity and higher strength in comparison to the other 2 materials

which are mostly used. Now I will talk about some Metal Matrix Composites.
(Refer Slide Time: 16:55)

Metal-Matrix Composites (MMC)

Matrix — Ductile geta?(tzually allo;s ;f aluminum, magnesiu;n,Tnanium,;wd go;per)
Fibre - Carbon, Silicon Carbide, Boron, Aluminum oxide, etc.

Advantage over PMC includes:
v' Higher operating temperatures.

v Non-flammability.

v Greater resistance to degradation by organic fluids.

Demerit: MMCs are costlier than PMCs

Properties of Several Metal-Matrix Comp. Reinf d with Contil and
Aligned Fibers
Fiber Content Density Longitudinal Tensile Longitudinal Tensile

Fiber Matrix (vol™%) (:/m'l Modulus (GPa) Strength (MPa)
Carbon o061 Al 41 24 20 620
Boron o6l Al A 207 1515
SiC 6061 Al S0 293 230 14580
Aluming 800 Al M4 120 o
Carbon AZ3 Mg L] 153 00 s10
Borsie n 45 1.68 220 1270
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So in the Metal matrix composites, the fibre can be either metal or ceramic, where polymers
typically we do not keep because they can sustain a high temperature and also there are this
mismatch of coefficient of thermal expansion and also the conductivities etcetera. So matrix
wise here it is ductile metal usually it is alloys of aluminium, magnesium, titanium and

copper.

And fibre while it can be carbon fibre, silicon carbide, so these are inorganic fibres, then
boron fibre and aluminium oxide that is the ceramic fibre, anyhow these fibres can be used in
metal matrix composite. Advantage over PMC is definitely high operating temperature and
definitely non-flammability and greater resistance to degradation by organic fluids. In many
chemical plants there is this organic fluid, which can contaminate the pipelines, so this MMC

is much better in all such cases including a good operating temperature.

So in fact, some of the MMC:s if you look at it like carbon and aluminium as matrix, you can
see you can get a very high tensile modulus something like 320 and the strength is something
like 620, so it is very high considering the density only 2.44. Similarly, if you look at all of
them you will get a kind of an idea that where exactly we are in terms of the metal matrix

composites and in almost all the cases it is much better than the single metal-based system.
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Tank armor ~ MMC (recent advances)

for the Hubble Space Telescope
B/Al tubular struts used as the frame and rib truss (Graphite fibres in 6061 Al)
members in the mid-fuselage section

Spau Shuttle Reference: http://www.tms.org/pubs/j Is/) 104, 1-0104 html|
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For places where you can use it like Golf definitely and then tubular struts which is used as
the frame and rib truss members in the fuselage section that is in terms of aircraft

applications, then the antenna boom for Hubble space telescope for space application, the



tank armor MMC, though there are many such varied applications of metal matrix

composites. Now we will talk about the ceramic matrix composites.
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Ceramic-Matrix Composites (CMC)

* Ceramics are highly brittle in nature. Thus low fracture toughness.

* Ingeneral the fracture toughness of
v Ceramics: 1-5 MPa v
v Metal alloys : 20 - 90 MPa vin

* By using CMC, fracture toughness can be increased to lie in the range 6 - 20 MPa m .

* Crack initiation normally occurs within matrix phase, whereas crack propagation is
hindered by the particles, fibers, or whiskers.

* Exhibit improved high-temperature creep behavior and resistance to thermal shock.

SIiC whisker in Al,O, (matrix)

Whisker Fracture Fracture Toughness |
Content (vol™) Strength (MPa) (MPa\ m)

0 45

10 455 + S5 7.1

20 68S « 138 7590

10 850 = 130 6.0

Brake disc of Ferrari Race Car
(Carbon fiber-reinforced in SiC matrix)

N1

Now ceramics are highly bitter in nature that, right. And it has low fracture toughness, so you
have to handle them very carefully that is the 1% important thing. In fact, to handle these
ceramic fibres we do something which is known as actually Sizing. Sizing means you take a
ceramic fibre and then you apply an oil coating over it okay and what coating you are giving
that is trade secret because that enhances the life of the fibres and that increases the fracture

toughness.

Now, in general the fracture toughness of ceramics is only about 1 to 5MPa square root meter
and for metal it is only about 20 to 90MPa square root meter. So when we will be using
CMC, then your target will be to lie as far as the fracture toughness concerned in any of 6 to
20MPa root meter. Now the crack initiation normally occurs here within the matrix phase,
where as crack propagation is generally hindered by the particles, fibres or whiskers whatever

you have inside in the matrix that will actually sort of stop the growth of the crack.

And it exhibits improved high temperature creep behavior and resistance to thermal shock, so

these are some of the very good characteristics of ceramic matrix composites.
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Cermets l Ceramic + Metal = Cermet

* Composites of ceramic particles (strong, brittle) in a metal matrix (soft, ductile).
* Has higher toughness and wear resistance than traditional materials.

* For Instance, tungsten carbide or titanium carbide ics embedded in a matrix of a
metal such as cobalt or nickel.

* Only about 10-15% metal volume.
* They are used for cutting tools for hardened steels.

* Electrical components such as resistors and vacuum tubes (valves).

Cermet trimming potentiometer
(Small variable resistors, used in ciccuits for tuning and calibration) Cermet Inse

Reference
W ceramtec.com

Smart Matwriale M1 sctises and Hywiwme
Labornter hittp://global. kyocera.com/news/2008/1202.htm!
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There is a one interesting ceramic matrix, | do not know whether he will call it composites or
not but Cermets. So Cermet is actually is a composite of ceramic particles, which are very
strong and brittle and that is kept in a metal matrix like soft and ductile metal matrix. It has
higher toughness and wears resistance than the traditional materials. For instance, tungsten
carbide or titanium carbide ceramics embedded in a matrix of metals such as cobalt or nickel

that is one of the examples.

And it is only about 10 to 15% of the metal volume and it is used for cutting tools because
you get a very good hardness out of it okay. Electrical component also it has used such as in
resistors or vacuum tubes, etcetera. So here are some examples as you can see of Cermet,
Cermet in potentiometer, Cermet inserts, etcetera. So that is about ceramic + metal together

what do you see something called Cermet.
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Carbon - Carbon Composite

* Both reinforcement and matrix are carbon - Very Expensive
* High modulus of elasticity (up to 200 GPa) and strength, even retained at aro_ynd 2000°C.

* Low density (1830 kg/m?)
* High thermal conductivity (100 W/m-K)
* Low coefficient of friction (in fiber direction).
* High abrasion resistance,
g

Missile cone

N - Image courtesy: Wikipedia
&z B2-Bomber aircraft

Next is a carbon-carbon composite, where the carbon is the fibre and carbon is the matrix. So
here it is very expensive because the procedure by which we do it is also very expensive. It
has high modulus of elasticity up to 200GPa and strength and it can retain its property even
up to 2000 degree centigrade, which is a very high temperature. Also it has a low density,
high thermal conductivity, it has a low coefficient of friction and it has a high abrasion

resistance.

That is why, it is widely used in missile cones, in B2 bombers, in wing leading edges of the
space shuttle so wherever there is a very challenging environment we actually apply this
carbon-carbon composite. Now finally | will talk about the structural composite, which

means how you make them layer by layer.



(Refer Slide Time: 23:11)

1. Laminated Composites

* Alaminate is constructed by stacking a number of laminae.
Examples

* Unidirectional laminate

¥ Fiber orlentation angles are the same in all laminas such as 6 = 0°,
* Angle-ply laminate
¥ Fiber orientation angles in alternate layers are / 0/- 6/ 6/- 0/ ,where 8 » 0° or 90°
* Cross-ply laminate S
¥ Fiber orientation angles in alternate layers are /0° /90° /0° / 90° /. o

P
* Symmetric lominate
v Identical ply (in material, thickness, and fiber orientation angle) at an equal 2
distance about centerline, i.e., 8(z) « 0(-z), where z is the distance from the mid-
Angle-ply laminate

plane of the laminate

Ry T TN O S 0
[0/+90/+45/-45/-45/+45/+90/0)
Code: (0/ 90/45/-45],

!

“Symmetric laminate @ Smart Mates ala ant
1T Kanpuas

Yesterday in the last class itself | have explained you that a laminate is constructed by

number of laminae, examples are unidirectional laminate for example, for the fibre
orientation angles is the same in all lamina search as 0 degree or the cross ply laminate where
it is like 0 90 0 90. If you want to put any other arbitrary angle of the fibre, then we will call

it angle ply laminate, which is like theta, - theta, theta, - theta, etcetera.

And more importantly we can stack them in such a way that with respect to the meet frame
they can be either symmetric or they can be asymmetric, so there are many variations that

you can develop and each has its own characteristics.
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* Symmetric laminate (contd.)

v The bar over 90° indicates that the plane of symmetry passes midway through the thickness of
the 90° lamina

1 2 3 4 5
[0/ +45/90/4-45/0)

Code 10/45/90)¢
v Adjacent +45° and -45° laminas are grouped as +45 I 2 3 a4 5 6 1
' [0/ +45/-45/90/ 45/ +45/0]
Code: 10/ £45/50)

¥ Four adjacent 0° plies are grouped together as 0,
1 2 3456 7 8 9210111213 14
[0/90/0/0/0/0/45/45/0/0/0/0/9% /0]
Code [0/90/0,/45)y

T 2 3 4 8 6 7 8 9 10
[0/45/ 45/ 445/ 45/ ~45/ 445/ 45/ +45/0)
Code [0/(+45),)¢

v Two adjacent £45° plies are grouped as (+45),.

. A"ff51[mme(flt laminate: Ref. : P, K. Mallick - Fiber-reinforced Composites Materials, Manufacturing, and Design-CAC Press (2008)
v' Ply orientation is antisymmetric about the centerline of the laminate, 6(z) = - 6(-z).

Example : /+0/-0/+8/-0/ is an Antisymmetric laminate while /+8/- 8/-8/+8/ is Symmetric laminate.

* Quasi-isotropic laminate: Equal angles between each adjacent lamina.
v If the total number of laminas is n, the orientation angles of the laminas are at an

v’ Example: (0/+60/-60), [0/+45/-45/90]

Increments of




Now if you consider a symmetric laminate, so if there is a bar over such a sequence like 0,
45, and 90 bar, then that will mean that that is the plane of symmetry passes the midway
through the thickness of this particular lamina. And the adjacent if you have + 45, - 45 you
can also put it as + - 45. Four adjacent O degree plies if you get, whatever numbers are

adjacent, you can put them as 0 4.

And two adjacent + - 45 are grouped; you can put them as + - 45 too, so that you can actually
use these code names in order to make a symmetric laminate. Similarly, antisymmetric also,
suppose there are 4 players can put it in this manner okay or antisymmetric another is + theta,
- theta, + theta, - theta that means for every + theta the next layer is actually - theta.

There is another one which is known as Quasi isotropic laminate, quasi means it is only
isotropic under certain special cases for example, if you consider that a composite which has
ply angles only at the ratio of pie over N suppose if it is 3 layers, then it is 60 degree ratios 0,

+ 60, - 60. Similarly with 4 N as 4 it is 4 layer ratios, so this is known as Quasi isotropic.

For reasons that if the Matrix is found out for such material, then the intense stiffness does
not vary with the direction, so that is a (())(25:55) sign isotropic situation where the
properties do not vary with the direction. In this case it happens that only for the influent

properties that is why it is called Quasi isotropic not fully isotropic.

(Refer Slide Time: 26:19)

2. Sandwich Panels ‘* S

* Consist of two strong and stiff sheet faces that
are separated by a core material or structure.

C——————
* Combine relatively high strengths and stiffness ‘
with low densities. | i
|
\ |
* Outer sheet - aluminum alloys, fiber-reinforced |
plastics, titanium, steel, or plywood. [

phenolics, epoxy, polyurethanes), wood (i.e.,
balsa wood), and honeycomb (hexagonal cells).

* Core materials - Rigid polymeric foams (e.g., |

Reference: W.D Callister, 7 £d.

The other structural variation is known as sandwich panels, which consists of 2 strong and

stiff sheet faces that are separated by a core material or structure. Usually the core material is



a honeycomb structure, they try to reduce the way this way and it has a outer sheet which has

aluminium alloys, fibre reinforced plastics, titanium, steel or plywood.

(Refer Slide Time: 27:03)

Sandwich panels
1. Low waE;rabs___ml_m__
2. Good anti-corrosion

3. Good thermal insulated capacity

And the core material is actually rigid polymer reforms example, phenolics, epoxy,
polyurethane and then wood and honeycomb, so it is one of the lightest material and
technology in terms of the composite material. Sandwich panels are used in various
applications like low water absorption, good anti-corrosion activities, good thermal insulated
capacity, so it is it is very popular in terms of its use.

(Refer Slide Time: 27:24)

3. Hybrid Composites

* Two or more different kinds of fibers in a single matrix.

* “For example using-
¥ Carbon fibers - Strong and relatively stiff and provide a low-density reinf but Iy
¥ Glass fiber - Inexpensive and lack the stiffness of carbon.

* The glass—carbon hybrid is stronger and tougher, has a higher impact resistance.

* The fibers may all be aligned and intimately mixed with one another; or laminate may be
constructed.

Hybrid laminate [0/0p/45¢/—45¢/90G/90G/ —45¢/45¢/0s/0p)
Code: [0:3/( +45 )(‘/90(518

Where B, C, and G represent Boron, Carbon, and Glass fiber, respectively.
Red. : P.K. Mallick - Fiber-reinforced Composites Materials, Manufacturing, and Design-CRC Press (2008)
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Finally there is this Hybrid composite where it is very rare, it is mostly in the lab scale, but
generally for a very demanding thing you may have to design it. Two or more different kinds
of fibres will appear in a single matrix. For example, using carbon fibres there is a strong and

relatively stiff and it provides low-density reinforcement, but it is expensive.

Now suppose | add glass fibre which is inexpensive but lack the stiffness of carbon, then the
two together will possibly make the stiffness to be little better and the cost will be little better,
so that is how it can solve some of the contradictions. The glass carbon hybrid is stronger and
tougher and it has a higher impact resistance. Now the fibres may be aligned or intimately

mixed with one another or laminate can be constructed.

So it can be something like as you can see that 3 layers are already given or the 6 layers will
be also given so that you can prepare various types of such composites, so this is where we
will close and in the next lecture we will learn about manufacturing and processing of

composites, thank you.



