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Lecture — 06
Introduction to composites

Good morning and welcome to the course on Smart Materials and Intelligent System

Design. Now, in the last module we have talked about smart materials.

(Refer Slide Time: 00:25)

What we studied in previous lecture?

v What is Shape Memory Effect (SME)?
¥ Metallic alloys that show SME

¥ One — Way SME

¥ Pseudoelasticity

v Two — Way SME -

v Applications of SMA
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So, we have talked about in the very last lecture about the shape memory effect, metallic
alloys that show shape memory effect, one-way SME, Pseudoelasticity two-way SME

and applications of shape memory alloy.
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Composite Materials

(Brief Introduction)
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So, after the review of all the smart materials, now we will talk about composite

materials, we will give you a brief introduction about the composite materials.

So, what is the requirement of coming back to composite materials? Some of you might
have actually gone through this in my course on nature and properties of materials. Now
smart materials and composite materials, these two are integrated with each other; and
that has happened not just today, but something like last 30 years, this is the effort that is
continuously happening in this domain. Now why is these two concepts are so close to
each other? Well if you remember that in the very definition of smart materials I told you
that it consists of three things. It has sensors, it has actuators, and it has some micro
processing capability. So, a best example of any smart material we will have all these

three things.

Now, you remember that you know if you take any system say suppose if you want to
develop a structure which has these capabilities, then where will you put such sensors
actuators or micro processing? You will put it on the structure. So, the moment suppose I
have taking a cantilever beam, which can be representative of so many things staring
from the helicopter wing, aircraft wing, so many things. Now if I put a sensor here on the
top or an actuator here on the top, then until and unless it is not totally integrated into the
host structure this is the host structure, it will not work functionally well. Because you

know all these parts will be actually subjected to the ambient conditions and you



remember that (Refer Time: 02:50) think of it that suppose this particular system is
working at a high altitude or at high temperature etcetera, then this sensors and actuators

will be inoperative because you have a cooly point limitations.

So, the best strategy towards designing any intelligent system is that, suppose if you have
such sensors and actuators, and you want to integrate it. Now I am just you know
magnifying the whole thing we embed this things inside the system. So, this is
embeddings. So, this is surface bonding which is not very functional surface bonding,
and this is embedding. Now the moment we embed the sensors and actuators, what

happens these becomes composite structure.

Because it would start to contain many of these you know different types of materials
inside it. And not only that the question is once you make such composite the you know
what scale at what scale you are making this composite at what scale? Well one of the
directions that we take is that we reduce the scale to as low as possible so that we can
increase the degree of integrity of all these sensors actuators microprocessors with the
structure itself. Take for example, the case of shape memory alloy which you have just

studied.

So, I have suppose the same beam whose shape I want to control and instead of putting
the wires outside you know like surface bonded, suppose I am keeping this wires inside.
Now this is one way of actually accommodating SMA in terms of a just like a continuous

fiber, the way we do it in terms of composite materials.

But in order to you know activate such SMA continuous fiber SMA as continuous fiber,
you need to have power supply. Now the moment you give this power supply from
outside the integrity of the system is lost. Instead of that suppose if you have a composite
and in that you have a layer and that layer is made of carbon fibers and some chopped
sms. So, you have verifying you know even you can go up to so, find SMA in carbon

fiber reinforced composite.

What will be the advantage? The advantage will be that the carbon fibers will increase its
conductivity, and hinds you know you can directly actually apply the current on the
carbon fiber from some source, and the moment you apply the power on the carbon fiber

it is getting heated up. And that heat is transmitted to the that it is transmitted to this a



shape memory alloy based chopped wires or even find nano fibers of shape memory

alloy wire and it will activate the whole system.

So, as we are going to finer and finer scales finer and finer scales. So, what happens is
that, we are going to get actually composite systems all along. So, that is what you know
brings us to the realm of composites because you need to have some of ideas of this

composites in terms of modeling such systems.

(Refer Slide Time: 06:51)
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So, today I will first give you a brief introduction to composites and smart composites.
We will then talk about some classifications of composite, composite applications and
some fibers and their types. In subsequent lectures I will talk about the mechanics of

such composite materials.
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What is a Composite?

* Natural or artificial mixtures of two or more distinct phise(constituerg._ 3|

* Mixtures may consist of metals, polymers or ceramics.
* Primary engineering goal is to/achieve a better balance of properties ffrom the
combination of materials. —r
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What is not a Composite? highar Sed) it

. Plastics: Even though they may have several l"lll_egf', their presence does not alter
“the physical properties significantly.
. Alloys: The alloy is not macroscopically heterogenegus, especially in terms of
physical properties.
. Metals with impurities: The presence of impurities does not significantly alter
physical properties of the metal. i
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So, what is a composite? We all know that you know in order to make a composite you
need two or three materials to be mixed at a micro to macro scale depending on you
know what type you want developing. But, you must ensure that in this mixture there
will be distinct phase or constituents. And this mixture then may consist of all our known
classifications of materials like metals polymers like ceramics all of them you can mix

and match depending on whatever is your requirement.

Now, when we are mixing this we have a primary engineering goal in mind that, you
want to achieve a better balance of properties from the combination of materials. So, this
definition also we will alert was that what we cannot considered to be a composite. Like
if you use some fillers it is indeed used in plastics like plasticizes etcetera, then it would

become composite.

You need to have distinct mixture of some significant ratio in order to have composites.
If you develop some alloys you know which is macroscopically it is not heterogeneous.
That means, it has some kind of microscopic bonding etcetera then we cannot consider to
be a composite. So, from that shape memory alloy itself is not a composite you put the,
but if you put the shape memory alloys inside polymeric system or any other system,
then it will become a composite. Metals with impurities same reason you cannot really

consider they to be composites.



So, that that is what you know alerts us about, that what we can consider as a composite
where you are having two or more distinct phase or constituents and those which are not
actually chemically bonded, but macroscopically from the physically there is a
interaction that is there between the phases. So, that you can achieve a better balance of
properties, you can achieve say for example, higher strength one of the objective always
invariably, you can achieve say for example, higher elastic modulus. You can achieve
just now I have given you the example of shape memory composite, you can achieve
higher conductivity, thermal conductivity or electrical conductivity so, this kind of

objectives posses us to make a composite system.

(Refer Slide Time: 09:58)

Domain of Composites
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So, it is just the reputation of what I told you that in the domain of composites we have
polymers, we have metals, we have ceramics ok; and if we consider smart composite,
then we have one more here which will be interacting with each one of them little less in
terms of the metals so and more in terms of polymers and ceramics. So, I am keeping
small overlap with the metals of course, SMA 1is are there, but this can be smart
materials. So, then our domain will be complete in terms of smart composites if we want

to think of it.

. So, and another point is that you know in any such composites there will be matrix and

there will be fibers, and you see there are distinct interface between these fiber and the



matrix. So, this is reinforce metal interface; interfaces are actually reinforcements very

popularly we call it and there is a distinct interface between the two.
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There are some classifications of smart material in terms of I would say smart composite
material, what are this classifications? There are basically three groups group A is called
sensible materials, which are just embedded with sensors that can sense the change of
environment ok. Let us say I have a composite and I have added some optical fibers in it

one of the example right.

Say this carbon fiber reinforced plastic, we will talk about it later on, but this name is
very important to reinforced plastic or polymer CFRP and that if I add with that some
optical fiber as is intuition of a smart material. What it can do? It can actually sense that
the curing process how the carbon fiber is how the polymer in which the carbon fiber is
kept how it is getting hard end. So, it will give you this process it can also talk about a
give us information about the evolution of fractures etcetera inside the system. So, these

kind of smart composites are called sensible you know smart material based composite.

One degree further is actually adaptable. In this if these are integrated they can actually
help the host structure to change its characteristics. Let us say they can help the whole
structure to get you know to change its modulus of elasticity or to change it is you know
geometric shape or to change its stiffness or to change the viscosity in some cases. So, all

this things are actually in the category B that is adaptive.



So, you can more or less think in this manner that A is related to sensor and B is related
to actuator, group B is related to actuator and finally, group C. Group C are the adaptive
ones which can not only sense or not only actuate, but it actually after collecting the data
process the collected data and then react. So, that is the maximum degree of smartness
that you can achieve and this is you know intelligent system. So, that is the kind of
classification that we are talking about and you can see in each one of these cases as |
have discussed with you earlier, you have to develop a composite in order to you know

give these kind of features to the system.

(Refer Slide Time: 13:59)

Examples of Smart
Composites

* The Macro-Fiber Composite (MFC) Actuator
is an encapsulated, in-plane, piezoelectric
fiber composite strain device.

* It consists of rectangular piezoelectric fibers
sandwiched between layers of adhesive and
electrode polyimide film.

» When embedded in a surface or attached to
flexible structures, the MFC actuator
provides distributed, solid-state deflection
and vibration control.

* Developed at NASA Langley Research
Center. i
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There are couple of examples I want to give you in this respect. The one that that first
comes to my mind is the macro fiber composite, as you know I have brought a sample

for you from laboratory.
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You can see this macro fiber composite here and you may be able to see very thin lines
inside and also in the two sides you can see that the electrodes are there. And this thin
lines that if you are able to see is this are actually the reinforcing active fibers that is
there in a macro fiber composite in this whole system. And you can see how flexible this
whole system is. So, that is something that you cannot achieve with the piezoceramic

materials if be.

So, by applying voltage, we will show you that this will you know start to actually
vibrate you know like this and that will impose vibration on a composite system. So, that
is something that you can see in this particular small video from the laboratory where

you can see that how this macro fiber composite you can see how it is surface bonded.
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In this case you can also embedded it is expensive. So, I have just simply surface
bonded it. So, that we can use it for many different purposes and you can see that this is a
composite beam made of glass, fiber reinforced plastic and we have two power lines
from here and what we are doing? We are going to apply an alternating voltage in the
system, as [ am applying the alternating voltage in the system. And as I will be gradually
you know increasing the amplitude of the voltage, you should be able to see that the
vibration will be coming out on you can see that already. As I am increasing the voltage

the amplitude of vibration is gradually increasing on this composite beam.

So, by further increasing the voltage you can increase it to a even more vigorous level
that talks about the power of this simple system; so nicely integrable to a system ok. So,
this gives you some idea about the power of the composite material. So, this is macro
fiber composite and let us look into some of its properties, that what it essentially consist
of is piezoelectric you know fibers, and you use it both as sensor as well as an actuator.
So, these piezoelectric fibers of sandwich between layers of adhesive and electrode

polyimide film; so this yellow color that you have see is because of the polyimide film.

And when you embedded on a surface embedded it in a inside or you know bond on a
surface so to say or attached to the flexible structures, this MFC actuator will provide
you distributed you know deflection and vibration control. These basically developed at

NASA Langley Research Centre. The key technology here is to actually get this active



fibers that is there inside, then actually we can also make such a system, but to do it is a

micro scale is something for which you need a high precision laboratory.
So, this is one of the example of a smart composite.

(Refer Slide Time: 17:44)

Examples of Smart
Composites
i
// i
* The (Shape Memory Polyaier (SMP)
represents a polymeric materials

which can remember multiple shapes (at
least three!).

* Similar to Phase Transition temperatures, A Light Operated SMA
these materials have Glass Transition =
temperature.

* Much unlike their metallic counterparts,

these materials are cheap, they possess SMA ? lisestinitey
multiple memories and lighter in density. Marinaite + Pruntumile
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The other example I was talking about shape memory alloy, what I have not told you is
that Shape Memory Polymers SMPV call it they are also very interesting group of
materials, which can actually they are naturally composite you can say. And that can
remember not only just one phase change that is if you know that for SMA it is between

martensite and to austenite right high temperature base.

But in the SMP there are this is; what is our phase transition temperature right phase
transition temperature. But for the SMPs this is SMA for the SMPs what you are going to
see is that there are many such phases let us call them as phase 1 2 phase 3 etcetera and
each one of them has a typical you know temperature we call it as glass transition
temperature. In which the polymer chains it is basically form in terms of you know the
motion of the polymeric chains or the arrangement of the polymeric chains. This is you

know is by the glass transition temperature it defines.

So, the advantage is that, instead of getting one or two you can actually generate many
shapes in these materials. And much unlike their metallic counterparts this materials are

cheap they possess multiple memories and lighter in density. One example I have given



you which is coming a very nicely is a light operated SMA. So, this is a light operated
SMA system and you can see that in this system you have actually optical fibers inside.
And this, optical fibers carry the light that actually increases the temperature and because
of that slight increase of temperature from 28.8 to 30 degree centigrade, you can see that

the shape memory polymer starts to work.
So, these are fantastic examples of such things.

(Refer Slide Time: 19:58)

Advantages of Smart Composites

« Composites are engineered materials. We can engineer them
specifically to meet our needs on a case-to-case basis. In
general, following properties can be improved by using
composite materials.

* Strength” * Behavior at extreme

* Electrical conductivity temperature b

* Modulus’ * Acoustical insulation

* Fatigue * Vibration damping_- -~
* Thermal conduetivity * Vibration actuation.- .

* Weight - * Bending actuation_-

* Resistance to wear~ * Aesthetics EAP

* Resistance to corro;ion
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What are the advantages of these systems? Already I told you, but let us put these points
in our mind, the strength is one of the advantage electrical conductivity, modulus,
fatigue, thermal conductivity, weight resistance to wear resistant to corrosion. These are
some of the things which particularly comes from passive materials as reinforcements
that you put. Behavior at extreme temperature, acoustical insulation, vibration damping
or vibration actuation I have shown you using MFC how you are doing, a bending
actuation same and sometimes the aesthetics also particularly the electro active polymers

EAPs, they are these days used for many such aesthetics applications.
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Critical Issues

_Anisotropy: A large number of composites have direction dependent
material properties. This makes them more difficult to understand,
analyze and engineer, vis-a-vis isotropic materials.

* Non-homogenous: Further, these materials by definition are not
‘homogenous. Hence their material properties vary from point-to-point.
This factor as well makes them difficult to model, and analyze.

* Costly: Composite materials are in general expensive. Thus, they are used
only Fapplications where their benefits outweigh their costs.

* Difficult to fabricate: Further, fabricating structures from such materials is
difficult, time taking, and expensive.

* Sensitivity to temperature: Laminated composites are particularly
sensitive to temperature changes. They come in with residual thermal
stresses, because they get fabricated at high temperatures, and then
cooled. Such a process locks in thermal stresses into the structure.

. Moistg[e effec_ts: Laminated composites are also sensitive to moisture,

and their performance varies significantly when exposed to moisture for

long periods of time.
ﬁ Stnart Materiala Structures and Systema
Laborasory
OT Kangus

What are the critical issues here ok? We have to you know cross some of this hurdles. So,
when you will be actually modeling this system. The first and foremost important issue is
the anisotropy because a large number of composites have direction dependant material
properties. Say for example: in this particular case with this particular composite system,
we have shown the fibers. So, fibers this is the fiber direction along this direction it has a
different property and along this direction the transfers direction it has a different

property. So, the anisotropy is a very important as this is the most important one.

Secondly sometimes we cannot really control the process like if you think of chocked
SMA fibers or any such chocked fibers. Then you cannot control how it is distributed.
So, it will become non homogeneous so that is a second critical issue. While cost of
course, in some cases will be really important particularly when we are developing

systems, which will be for mass use.

Then there are difficult is to fabricate I told you that some of them at a very small scale it
is very difficult to fabricate, they have sensitivity to temperature very much. The usual
polymers itself degrades, because there are polymers there. So, the composite polymeric
composite itself degrade for that if we have smart materials, some of this smart materials
we will suffer from the cooly temperature. So, you know you it has the sensitivity and
then of course, the moisture effect, because laminated composites are in general

sensitive. So, that we will you know you have to consider while modeling such systems.
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Aerospace Applications

* Commercial Aircraft
* Low risk/low cost composites
* McDonnell Douglas (in-situ titanium composites)
* Boeing (polymer matrix composites)

* Military Aircraft
* Intelligent sensor materials
* Low observable materials (not detectable by radar)
* Aero-engines ealll
F-117A
./——
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Now, there are various applications of it for example, the commercial aircraft, where you
have low risk low cost composites in the wings like McDonnell Douglas or Boeing you
know they heavily used these composite. Military aircraft use it for that sensible you
know sensible system that I told you earlier, with intelligent sensor materials stealth
materials for example. And then low observable these are the stealth materials this is also
known as stealth technology, this is used in F 117 A if I recall say stealth bomber, then

aero engines and all these you know actually are some of the applications in aero space.

(Refer Slide Time: 23:18)

Applications of Composites

Transportation applications
* Aerospace applications
* Automotive applications
Electronic packaging
Biomedical applications
* Sporting goods
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There are other transport applications also other than aero space for example, automotive
applications, then there is applications in electronic packaging biomedical, and sporting

goods. So, the lots of applications are coming up.
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Aerospace Applications

ATR 42 - COMPOSITE MATERIALS \

Bl Corbon/Nomex sandwich

| Carbon monolithic structure

B Kevior/Nomex sandwich

Kevlar/Nomex sandhwich
L with shiffening carbon plies
Fibreglass/Nomex sandwich

CABIN FLOOR PANELS : Carbon/Nomex sandwich
PROPELLER BLADES : Fibregiass/ polyurethane foam/Carbon sper
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See aero space applications if you look at this ART 42, which has the composite
materials and you can see that this are the areas where you have the composite materials
right like the carbon, based system here and here also you have a carbon based system,
the green parts are more prone to impacts etcetera. So, you have Kevlar this system

there. So, you have and also some of these areas where you have Kevlar based systems.

And then some parts which are not that actually critical you have you know fiber glass
based system there. You can see that even a simple aircraft like ATR 42 has so many

composites in it.
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Space Shuttle Demands

Skin temperatures range up to 1500° C
Inner airframe can not rise above 175°C

For a skin temperature,

T<400° C: NYLON Fibers
For, T<1250°C: Vitreous Silica Fibers with entrapped stagnant air
For, T>1250°C: Reinforced C - n Composites
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If you think of space shuttle even more because without composite you cannot sustain.
So, you can see the temperatures that it faces huge temperatures like this part lowest 400
degree. As you are going towards the tip it is increasing it goes up to 1400 degree
centigrade here and at the back also these are the areas which is also expose; so 100 1000
150 or about 1200 degree centigrade. So, at such high temperature you must have
composites, which are like carbon composites and you also need to have sensors you

know embedded inside it.
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Automotive Applications

Composite with GM ! CFRP Hood !

Cost considerations are a big limiting factor

FRPs in car bodies

Al MMCs in brake calipers-

Steel-reinforced tyre -

Future applications
* Tibased MMCs in gears and valves and turbochargers
« Frictionless Al based MMCs in pistons and engine block
+ Ceramic matrix composites in cylinder liners
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Look at automotive applications, some of them like the GM cards it has the CFTP hoods
in it valve cover is composites, the lift gate is composite these bodies. For example,
brake calipers, steel reinforce tyres it is full of various types of composites that is there in

the automotive applications.
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Integrated Vehic th Management
(aVEM)

Now one interesting thing that is coming up is called integrated vehicle health
management or IVHM is a fantastic example where sensors actuators processors

everything is getting integrated in the vehicle.

So, what it can do is that it can sense the change in temperature etcetera, it can acquire
data transfer the data and then it can act accordingly. And when it is acting on the
situations, there are lots of things that it can do in terms of change of shape, in terms of
change of operational conditions. And it also does the back of the you know system

processing the moment it starts to sense.

Say for example, it goes to the design engineering and manufacturing how the products
is doing? It goes to the maintenance group what is the condition of the system? So, these
all gives us the health status of the system and also when you are taking action, then you
are also you know analyzing the results of these actions. And the health status current
and the predicted one what is going to happen in future. So, all these things together you
know when it comes in a composite system, it is as IVHM Integrated Vehicle Health

Management.
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Sports Applications

Form Application

Plate-like structure Skis, surfboards, windsurfing. Table tennis boards,
slats, and gliding wing spar, etc.

Tubular Structure Tennis. badminton, fishing rods, golf clubs, baseball

bats, hockey sticks, pole shafts, etc.
Sheet structure All kinds of helmets, golf club heads, the hull structure

of the various boat classes
Other structures Match with a variety of vehicles, sword, climbing

ropes, various lines, etc.

I~ (pnanl™

Biomedical Applications
Main issues are biocompatibility and — 7
durability

* Aggressive dental applications -

crowns, implants

Prosthetic devices for humans

artificial limbs

artificial bone

heart valves St Fatestels Sstures et Spstem
 —

L I

Talking about sports applications, there are applications of 18 plate like structures like
for surfings, table tennis boards. One of the most important application of smart with
allow the very fast one actually came in sports structures that is in terms of the masks
actually, electronic masks in the boats that is used for a various types of competitions of
navigations etcetera. So, this parts was passed made of smart material; that was one of

the fast actually example of the smart material in sports structures.

Then of course, there is a this tubular structures like badminton, tennis, fishing rods, golf
clubs, baseball bats etcetera. There is the shit structures which is used in golf club heads
in the hull structure. And there are other structures also like variety of vehicles sword,
climbing ropes, lines etcetera where this sports applications composites are used and also
smart materials today. In biomedical applications once again in dental applications and
prosthetic devices artificial limbs artificial bones and heart valves all full of smart

materials.
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Composite Classification

Engineered Composites [ Natural Composites

[
Complex Range of >
Architectures =
I ——F— ]
Conventional Non-Conventional Architectures
Reinforcements Reinforcements Unidirectional
Particles - Co-continuous Bidirectional
Fibers _Interpenetrating Discontinuous
ANhiskers — Functionally Random Qrientation
~Layers Graded Preferred Orientation.
-~ Hybrids
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Now, when you talk about composite classification, we will actually talk about two
groups basically engineered composite and natural composite. And these things can be
arranged in complex range of architectures of course, natural composite itself comes is a
complex architecture, but engineered composites are artificially designed with complex

architectures in order to derive special type of activities from them.

Now in the form of reinforcements you can have conventional reinforcement like
particles, fibers, whiskers or layers or you can have non-conventional architectures like
co continuous system, where the fiber and the matrix develops together; interpenetrating
networks is happens in polymers functionally graded materials, I talked about it earlier

and the hybrids where more than one reinforcements are present in the system.

And in terms of architectures, if it is just that you have the reinforcements suppose this
is what is my beam and you have reinforcements only in one direction, you have it as
unidirectional. If you have reinforcements in another direction it will be bidirectional. If
it is you know divided into small parts, then it will become discontinuous, and it can

have random orientation or a preferred orientation in the system.
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Natural Composites

Exist throughout nature - almost all
natural materials

Some examples:

wood = lignin matrix + hemi-cellulose
wound in a spiral form

bone = organic fibers + inorganic
crystals, water and fats

35% of bone consists of organic
collagen protein fibers with small
rod-like hydroxyapatite crystals
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Natural composites you would be knowing that you know two of the most important
structural systems are actually having natural composites. One is wood and which has
lignin matrix plus hemi cellulose and another is bone which has organic fibers plus
inorganic crystals you know with it. Both of them are good examples of natural
composites which is worth of emulating. We will also see that we take inspiration from
both of them in smart materials in terms of developing composites which can heal itself,

self healing materials. We will talk about it towards the end of our course self healing

smart materials so, that is about the natural composites.
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Fibers

* Not directly usable in engineering applications,
and are, therefore, embedded in a matrix.

= Matrix bind the fibers together, transfer loads to
the fibers, and protect them from environmental

attack and handling.

« Two main classes of fibrous

composites:

continuous (long fiber) and discontinuous (short

fiber).

* Continuous have much better stiffness and
strength, but is more difficult to manufacture.
* Unidirectional fibers strong in the fiber direction
but weak in the transverse direction. 4
ol
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Now when we talk about the engineering composites, then we will actually talk about
you know fibers and matrix they are separate from each other, we form them. And the
role of the fiber as I told you is to improve the properties of the matrix. So, matrix on the
other hand bind the fibers together, it transfer loads to the fibers and protect them from

environmental attack and handling.

Now, there are two main classes of fibrous composites one is architecturally long fiber
and small short fibers. So, if I go for long fibers I get better stiffness strength, but it is
more difficult to manufacture. And unidirectional fibers are actually strong in the fiber
direction, but it will be weak in the transverse direction. So, it will have high degree of

an isotropy.
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Glass Fiber )
& i . /

* Generic Name, available in three forms: E-Glass (Insulating), C-Glass(Anti
corrosive) and S-Glass (High Silica - higher temperature application)

* Major Constituent _§i’02__(55-65%) &VAlzgg(B-ZS%), other constituent: Ca0,
Na,0 etc.

* Manufacturing - Molten Glass, fed through Platinum Bushings

* Pure crystalline glass melts at 1800°C breaking Si-O bond, impurities
substitute some of the bonds and hence reduce T,

Nextel Fibres of 3M uses relatively low-temperature
Sal-Gel technique
Filaments susceptible to surface damage - hence
sizing is necessary m
E-glass density-2500 kg/m?, Tensile strength-1750
MPa, Young’s Modulus-70 GPa
Susceptible to moisture absorption, strength
Ref: Craftachind.com decreases 7,_\ ~

* Used in roofing, ‘I‘ra;mes,‘_ilt_sj etc.

Smast Materials Structures and Systems
Laboratory
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We are talking about different types of fibers. So, let us try to you know go through the
fibers; the most popular one is the glass fiber which is quite economic and so very
lavishly you can use it. At the same time you will get all the advantages of the smart
fibers if you actually use the glass fiber. Now glass fibers actually consists of three
different types of glass fibers; E glass fiber which is basically in electrical insulating in
nature, but thermally conductive, then C glass fiber and S glass fiber. So, S is for

strength, C is for corrosion and E is for electrical applications.

Now major constituent in this glass fibers are actually silica and alumina, also there is a

bit of calcium oxide and sodium oxide. They you know we generally make it from the



molten glass and we feed it to the platinum bushings. So, usually this you know all
ceramic fibers are made in the same manner and these is at a quite a high temperature
1800 degrees centigrade, and because you need to break the bonds and then you need to

take the impurities out and then you need to get it out in the form of fibers.

Some of the examples are Nextel fibers, which they use actually sol gel technique and
this is at a little low temperature, then filaments which susceptible to surface damage that
is there that is the problem of the glass fibers. So, you need to apply something which is
called sizing. Sizing is like a chemical that we apply sometimes think like organo silicon
organo silicon. So, this kind of a silicone oil which we give so that the fibers will not
actually rub with each other or we will not get in touch with the external you know stress

concentration so that it will not get broken easily.

And the density you can see is very low 2500 kg per meter cube, tensile strength is good
we will not see it is very high, but it is quite good and Young’s modulus is also quite
good almost same as the aluminum. However, it is susceptible to moisture absorption
and the strength decreases as a result of it so, one has to take care of it that is why
sometimes if the glass fibers you know optical fibers are also included so, that you can

check; what is the moisture absorption in the fibers.

This is used in roofing frames, tanks, there are high volume containers today, which they
are actually making using the glass fiber based system and health monitoring of such a
system is absolutely essential. Because, otherwise if such containers collapse you know

that will create catastrophes in terms of storage. So, that is what is our glass fiber.
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Boron F@

* Properties borderline between metals and non-metals.

* A good conductor at high temperatures, chemically
closer to silicon, crystalline boron is inert chemically .

* First synthetic fibre, used since 1960 (Space Shuttle),
very brittle to directly draw.

* Deposited through CVD on fine (10-12um) Tungsten
wire, some times on Carbon core.

The second one is not very popular because it is very expensive to make that is what is
boron fiber. It was generally used in space shuttle type of applications and what one has
to do is that, one has to actually vaporize this boron and then deposited on tungsten wire.
That is why finally, the fiber is not very thin, it is something like 75 80 microns because
it contains inside 10 to 12 micron of tungsten wire. So however, naturally tungsten and
boron together it gives a very good property in terms of high temperature. So, you can
use such composites in high temperature, naturally this is used in space shuttles one of

the first space shuttles are made of the boron fibers.
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Graphite and Carbon Fiber

* Extensively used in high-strength, high modulus applications.

* Graphite fibers have carbon content in excess of 99%.

* Carbon fibers have carbon content in the range 80-95%

* Fiber’s carbon content depends on processing method for these
fibers.

= Significantly more expensive than glass fibers.

* Key application areas include aerospace, sporting, railway,
infrastructure, automotive, oil drilling, as well as consumer
sector industries.

Ex- colluln®
Fr- pitch
Ex- Kayo
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Then wherever you need a good strength and high temperature, you also have graphite
and carbon fibers extensively used in high strength, high modulus applications. Graphite
fibers contain carbon in excess of 99 percent whereas, carbon fibers is about 80 to 95
percent. The more the carbon fiber the better it is in terms of say thermal conductivity, in

terms of strength, in terms of high temperature resistivitys etcetera.

You know how you will increase this carbon content that will depend on the processing
method, there are various processing methods I would not discuss it here, I have
discussed it in natural properties of materials, just tell that there are methods like x
cellulose there are methods like x pitch and there are methods like x Rayons. So, based
on what type of material you are a using to begin with, and then you know different

processes are utilized in order to gain a good amount of carbonization of the system.

So, the key applications are that well of course, one point you have to keep in my, this is
more expensive, than the glass materials glass fibers. And as the key applications will
include aerospace applications definitely some sports applications, and to some extent
railways automotive only for sports, cars, oil drilling this type of things the application is

becoming very heavy.
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Graphite and Carbon Fiber ‘_ :

* Graphite structure consists of hexaw
atoms in layers, and several suéma_yers are
interconnected through weak Van der Waals forces. Thus,
such a structure generates:

* High in-plane modulus

« Significantly less modulus in out-plane direction

* A precursor material, which is rich in carbon, is subjected
to pyrolysis to extract its carbon content.

= Pyrolysis: Thermal decomposition of organic material
when it is subjected to elevated temperatures in absence
of oxygen. Through such a process, the precursor organic
material breaks down into gases, liquids, and a solid
residue which is rich in carbon.

Senart Matetials Stractures and Systems
Labotatory
IT Kanpur

Source of the strength particularly in graphite structure that consists of the hexagonally

packed carbon atoms in layers. So, that layered plate like structure that in plane it has



tremendous strength, but it is interconnected through weak Van Der Waals forces such

structure will give you high in plane modulus and less modulus in out of plane direction.

And a precursor material which is rich in carbon, that is subjected to a high temperature
which is called pyrolysis. Which is a thermal decomposition of organic material when it
is subjected to elevated temperature in absence of oxygen, that is what is the pyrolysis
process. So, using the pyrolysis process what actually carryout this kind of graphitization

of a system.
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-_}: 'Carbon Fiber contd.

Precursor: It is a carbon-rich chemical compound, used as “raw” material for
pyrolysis. Currently, three materials are used as precursors. These are:
Polyacrylonitrile (PAN)

Pitch: It is a viscous substance produced by plants, and also extracted from
petroleum.

Rayon: It is regenerated cellulose fiber produced from naturally occurring
polymers. =

A good precursor material should have following characteristics.

+ Sufficient strength and handling properties so that it can hold together
fibers during carbon fiber production process.

* Should not melt during production process.

* Should not be completely volatile, as it will drastically reduce yield of
carbon fiber.

* Carbon atoms should self-align in graphite structure during pyrolysis, as this
will enhance fiber’s mechanical properties.

Smart Materials Stractures and Systems
Laborator

IT Kanpa

Now, in terms of carbon fibers I told you that there is a precursor that is needed and very
often we take actually polyacrylonitrile as precursor fiber, the precursor is the point of
the initial material from which you are actually developing the final material the final
fiber. So, the p pan is one of the common one, other than that that pitch is one that is the
x pitch process I told you, then rayon is another which is from cellulose type of fibers.

So, there are different types of sources from which you can make such carbon fiber.

When you choose the precursor material, we check that it first have sufficient strength
and handling properties. So, that you know it can hold together the fibers during the
production process, it should not melt during the production process, only thing is that all
the volatile should go out and you get a fine you know high carbon content structure and
it should not be completely volatile, then you will not get that structure and it should self

align in graphite structure during pyrolysis.
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-.(;Ir-h:n Fiber contd.

= PAN based carbon fibers:
* Low cost
* Reasonable mechanical properties
= Aircraft, missile and space applications
» Pitch-based carbon fibers:
= Higher stiffness
* Higher thermal conductivity: This makes them
particularly useful in thermal management systems
and satellite structures
* Rayon-based carbon fibers:
* Not used much in structur. lications
* Low thermal conductivity: Useful for insulation
materials, and heat shields

Smart Materiais Structures and Systems
Laborasory
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So, based on that typically such kinds of materials are chosen by few, I told you about
the pan based carbon fibers, which is the cheapest of them low cost. It has reasonable
mechanical properties and that is mostly used in aircraft missile and space applications.
For pitch based carbon fibers it has highest stiffness, higher thermal conductivity where
is cheaper also, but it is mostly used in thermal management systems and some satellite
structures. The rayon based carbon fibers they are not much used in structural

applications, which has low thermal conductivity and generally useful for insulations and
heat shields.

So, depending on what source you are choosing for making a carbon fiber, you are
landing up with different types of at least three different types of variants of the carbon

fiber.
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Kevlar: Organic Fiber

+ Aramid Fibre — Generic Term, commercial form Kevlar & Nomex (Dupont),
Technora ( Teijin), Twaron (Akzo)

* Processed from the solution polycondensation of diamines and diacid
halides at low temperature

. Mestwr_d,e‘_r(random —liquid crystalline — nematic) controls
mechanical property

* Strong covalent bond axially, weak hydrogen bond transversely. Anipdopic

* Important properties of these fibers are: ————

— High resistanc ion

— High resistance to organic solvents
— Nan-conductive

— Tough as well as strang

— Non-conductive

— No melting point (they start degrading at 500°C)

- Low flammability
@ —
Laboratory
(T Kanpus

There is another interesting fiber which is used to make composites that is called Kevlar.
And Kevlar is the though the commercial name the actual technical name is called
Aramid fiber. And this is a generic term and the commercial names are Kevlar and
Nomex from Dupont Technora from Teijin and Twaron from Akzo. So, these are
developed mucher like the pyrolysis process in carbon fiber development here it is
develop through solution polycondensation of certain materials like diamines and diacid
diacid halides at low temperature. So, temperature is low. So, that way it is easier or less

expensive to fabricate.

And they have a Mesophase order at low temperature and which is something like a
liquid crystalline form and that we you know is used for in terms of alignment of the
system in a fibrous. Form this kind of polyamides they have a high covalent bond axially,
but transfers to their weeks. So, they are actually anisotropic. So, to begin with itself
some fibers are anisotropic. So, in the composite when you put them, the composite

would definitely become an isotropic in nature.

But they have high resistance to abrasion, high resistance to organic solvent they are non
conductive tough as well as strong and no melting point actually it degrades directly, that
is why it does not have a melting point. From the solid state it directly degrades gets
volatile and it has a low flammability. So, it will not burn very easily these are some of

the good points of Kevlar.



(Refer Slide Time: 41:27)

In the next lecture, we will learn about

o Composite manufacturing techniques

¥ Hand lay-up technique

¥ Fiber Reinforced Composites (Contd.)
= Polymer Matrix composites.~
* Metal Matrix composites/”
= Ceramic Matrix composites

= (Carbon - Carbon composit}s’

¥ Structural Composites

¥ Micromechanics of Composites
omposite

This is where you now we have given you an overview of such composite materials. In
the next lecture we will also talk about how do you manufacture such materials some of
the techniques. And we will talk about polymer matrix, composite, metal matrix,
composites ceramic matrix composite and carbon-carbon composites. Also we will
discuss about some structural composites and the micromechanics of the composites in

the coming lectures.

Thank you very much.



