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In this week and in the next week we will deal with composites.

We will see the behavior of composite plies and composite laminates and we will see how a
composite laminate which has piezoelectric patches can be analyzed. Now, before going to
that let us have a brief introduction to composites.
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This introductory lecture will contain these topics. At first we will see what a composite is
and then we will see important features of composite materials. After that we will see the
present scenario of the overall composite market. Then we will talk about applications of
composite materials in different fields and then we will see various types of composites. After
that we will see properties of various constituents and then we will talk about honeycomb
composites.
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What is a Composite Material :

A material consists of two or more chemically distinct constituent materials or phases, on a macroscale.
Key points:
a. Constituents materials in a composite material can be identified by the naked eye.
b. Constituents materials have distinct interfaces e.g. = Plywood F J Uv'f"’ e
Lye e

fibe o e

Alloy:

1. Constituent materials arc combinced on a microscopic scalc.
2. Component can not be identified by the naked eye.
e.g. > Steel.
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So, a composite is a combination of two or more different materials which are chemically
distinct and they do not react. And the kind of composites that we will talk about in this
course is composites at macro scale.

So, they are mixed at macro scale. So, the constituents can be identified by the naked eyes if
you look at the composite and constituents have distinct interfaces. An example can be a
plywood. Now the type of composite that we talk about in this course is called fiber
reinforced composite. In short we will call it FRP.

Now there is something called alloys also, but these alloys are micro scale composites. So,
that is the main difference between alloys and the kind of composites that we deal with. So,
in alloys the component cannot be identified if we see them an example is a steel. So, we will
restrict our self to fiber reinforced composites.

(Refer Slide Time: 04:55)



Propertics of a Composite Materials :

1. Tligh Strength ¥ 6. Tigh Fatiguc lifc

2. High Stiffness ¥ 7. Noticeable Temperature-dependent behavior
3. Corrosion resistance 8. TTigh Thermal insulation

4. Wear resistance 9. High Impact resistance

5. Low Weight 10. High Acoustical insulation

Other advantages arc:
1. Unique flexibility in design
2. [asc of fabrication

Properties depend on :

1. Constituent materials and their distribution and interaction among them.
2. Constituent materials — 1) Reinforcement element and
ii) Matrix clement
3. Reinforcement element in the system — Concentration, Concentration distribution and Orientation.

-
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So, here are some important properties of composites. These composites have high strength.
They have high stiffness. So, if we take a traditional material like a metal and if we take a
composite of the same weight then we generally get high strength and stiffness in the
composite. So, the strength to mass ratio or the weight ratio, stiffness to mass ratio or weight
ratio is generally higher for composite. And they have good corrosion resistance properties,
they have good wear resistance and they are light weight and they have high fatigue life
because these composites generally look like this.

We have matrix and fiber laid up. So, if there is a fatigue crack generally its propagation is
arrested by this kind of layup. And they have noticeable temperature dependent behavior.
They have high thermal insulation, high impact resistance, high acoustic insulation. So, in
applications like stealth because it has good acoustic insulation properties composites are
widely used.

And these materials give unique design flexibility. That is a very important point. So, if we
change the fiber orientations or if we change the orientation sequence in a laminate, you can
change the properties a lot. So, we can get different types of properties or different types of
unique features by aligning these fibers. So, that is a unique design flexibility which we get
from composites and there is ease of fabrication.

So, if you want to get any shape we can prepare the mold accordingly and accordingly we can
lay up the composite and make the composite. These properties depend on the constitutive
materials and their distribution, their interaction and for our case the constitutive materials
reinforcement elements like fiber and matrix elements which is polymer for our case.

(Refer Slide Time: 05:26)



Origin :

1. Straw was used by the Israelites to strengthen mud bricks.}

2. Plywood was uscd by the ancicnt Fgyptians.

3. Medieval swords and armor were constructed with layers of diflerent metals.
-
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If we try to trace the origin of composite, we can go back to ancient times. In the ancient
times, people of Israel used straw to strengthen mud bricks. Plywood was used by ancient
Egyptians. So, these are all composites at the basic level and then we have made lot of
advancements. Even in the medieval times, swords and armors were constructed with
different layers of metals.

(Refer Slide Time: 07:24)

Present Scenario:

1. U.S. fiber reinforced polymer matrix composites industry is
growing as an average rate ol 6.5% since 1960. v~

2. Global Compositc market size was $105.75 billion in 2022
and expected to reach $191.36 billion by 2032. v~ Market Shara (by value-2016)

Logistics 25.1%

VSRS £
Construction and Building 13.8% v
Electrical and Electronics 14.4%

The Im.ilan Composites Ind.ustry has witnessed single digit Dot ity 13.4% =

growth in recent years and is expected to grow at a

Pipe and Tank 10.4% —

Compounded Annual Growth Rate (CAGR) of§.‘2% in the next
five years. The per capita consumption of composites in India is Wind Energy 8.0% «—
around 0.3 kg, against 2.5 kg in China and 11 kg in US."

Consumer goods 7.6%
hnps‘//lcerpshowcom/aboul-lcerp/mdlan-mmpos|tes-|ndusuy-ou(|ook// Marine 2.6% ~

Other 5.1%

btp:/rcmtorecr.com W
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Now here is a brief outlook to the global or Indian market of composites and how it is
expanding. In US, FRP composite industry is growing at an average of 6.5 percent since 1960.




If we talk globally the market size was 105.75 billion US dollar in 2022 and it is expected to
reach 191.36 billion US dollar by 2032. In India, the Indian composite industry has witnessed
single digit growth in recent years and is expected to grow at a compound and annual growth
rate of 8.2 percent in the next 5 years.

The per capita consumption of composites in India is around 0.3 kg against 2.5 kg in China
and 11 kg in US. So, there is a scope of tremendous development in this field in near future
and we can see that by this number. If we look at the distribution into different sectors as
per 2016, the logistics sector used around 25.1 percent. Construction and building have
around 13.8 percent share. Electrical and electronics has around 14.4 percent share, defense
and aviation around 13.4 percent, pipe tank things like that around 10.4 percent, wind energy
around 8 percent, consumer goods around 7.6 percent, marine field around 2.7 percent and
other sectors around 5.1 percent. So, these all statistics are taken from various resources. So,
they are referred here. You can go and look into it in more details.

(Refer Slide Time: 08:02)

Application of composite materials :

Space industry :

Used due to —

1. Tigh strength-to-weight ratio
2. High thermal stability

Mirror backplane of
Graphite-cpoxy truss is used James Web Space Telescope

to stabilize and support

Now let us talk about applications in various fields. Space industry uses composites a lot due
to high strength to weight ratio and high thermal stability. We can see a solar panel here and
in these panels, composite finds a lot of application. Here we can see Hubble space telescope.
Graphite epoxy truss is used to stabilize and support the structure. Similar thing can be seen
in mirror back plane of JWS telescope.

(Refer Slide Time: 09:02)



Application of composite materials :

Acrospace industry :

Mainly Carbon-fiber reinforced polymers (CERP) are Q- ~

extensively used duc to ; -

1. High strength-to-weight r;-llioy @""“‘m'"“""‘“""’"w”” \\\' B
2. [Excellent fatigue resistance AL

Titaniym

3. Tligh thermal stability o<

Aircraft structural parts : wings, fusclage components, A
interior parts etc.

Advanced Composites

Boeing 787 Dreamliner: 50% (approx.) of structural
components arc made of Carbon-fiber composites.

Boeing 787 Dreamliner
_— —
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In aviation industry, composites are used. A composite structure finds a lot of applications.
So, again the advantageous features that generally makes this material useful for this field are
high strength to weight ratio, excellent fatigue resistance which is very important and high
thermal stability. So, if we look at aircraft for example, it is a Boeing 787 rim liner aircraft we
can see that ah there is around 50 percent of the entire constituents is advanced composites
and there is 20 percent aluminum, 15 percent titanium, 10 percent steel and others around
5 percent. So, various aircraft parts like wings, fuselage components, interior parts use
composites.

(Refer Slide Time: 09:41)



Application of composite materials :

Automotive industry :

Use ol composite materials are increasing day by day
duc to

1. Reduce body weight

2. Tnhance fuel cfficicncy v&

Automotive structural parts : body panels, chassis
components, interior parts ctc.

Source: https://pixabay.com/

Car and rail chassis can be made of composite materials

Articles:

C:ir chassis 9 https://wor ePOrter.ce hitachi-to-develop
e arbon- I-f bile

Rail chassis = heps://www.compositestoday.com/2019/12/worlds-first

Source: https://pixabay.com/ carbon-fibre-rail-chassis-unveiled

Automotive body parls => TEsLA MODEL 3 VACUUM CARBON FIBER §
ROOF - TWL-Carbon Vacuum carbon fiber body kits - Product | TWL-Carbon High
Quality TWL Vacuum Carbon Fiber (twicarbon.com) o
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In automotive industry, its use is rapidly growing. We get reduced body weight through
composites because it has high strength or stiffness to weight ratio and accordingly we get
enhanced fuel efficiency also.

And also if we talk about high speed cars, its impact resistance is also very useful. So, various
automobile parts like body panels, chassis components, interior parts have composites. So,
these articles show a good overview of the use of composite in this industry.

(Refer Slide Time: 10:34)

Application of composite materials :

Renewable Encrgy industry :

In Wind turbine — In solar pancls
1. Withstand high loads 1. Light weight
2. Provide optimal performance. 2. Resistance to weathering.

Source: https://pixabay.com/ Source: https://pixabay.com/
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If we go to the renewable energy sector, wind turbine blades are made of composite because
it can withstand high loads and provide optical performance accordingly. So, the modern day
wind turbines are becoming larger and larger even there are wind turbines of radius around
90 meter or so.

So, a material which does not increase the weight too much and give good performance is
very important and in wind turbine, its pitch control is very important for getting better
performance and also reduce the aero elastic instabilities. So, composite materials are quite
helpful for those cases. In solar panel also composite is used to be due to its light weight and
resistance to weathering.

(Refer Slide Time: 10:58)

Application of composite materials :

Sports industry :
Examples are —
1. Tennis rackets 7
Golf clubs 7

. o
Bicycles
TTelmets cte.

B

Composite materials provide low weights, strength and
stillness, iImpact resistance etc.

Source: https://pixabay.com/

Source: https://pixabay.com/
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We can see the various applications here in the sports industry. Examples can include tennis
racket, the equipments in golf, bicycles, and helmets and so on. So, composite materials
provide low weight strength and stiffness impact resistance and that is why these are used a
lot.

(Refer Slide Time: 11:24)
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Application of composite materials :

Construction industry :
Composite materials used in construction industry due
to

1. High strength i
2. Corrosion resistance.
3. Reduce maintenance cost.

v

-

Applications include
Bridge decks, building pancls cte.
Pipes, masts, crash barricr, railways track beads cte.

Source: Nystrom, H. ., Waotkins, S. £, Nanni, A, & Murray, S. (2003)
Financial Viability of Fiber Reinforced Polymer (FRP) Bridges. Journal of
Management in Engincering, 19(1), 2-8. doi:10.1061/(asce)0742
597x(2003)19:1(2)

In construction industry, composite is finding rapidly growing application due to its high
strength, corrosion resistance and reduced maintenance cost. Now applications can include
bridge decks, building panels and so on. Pipes, masts, crash barrier, railway track beads etc
have use of composites as well.

(Refer Slide Time: 12:50)

Application of composite materials :

Marince industry :

Composite materials used in marine industry due to —
1. Light weight

2. Resistance to water

3. TImproved fucl efficicney.

Applications include

Patrol boats - First composite patrol was built in 1960s for US Navy
Mine Countermeasure vessels for locating and dest~_rc'>ying sea mineswe”
Coverts -

Hydrofoils and supercrafts

Composite superstructures V<

Propellers, rudders, bulkheads, doors, machinery and engine components
Various parts of submarine structures
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Now, let us talk about marine industry. So, we saw that composites have good corrosion
resistance. So, that is quite important for marine field. So, that is why composite is used and
apart from that, its light weight make it fuel efficient. So, there are various applications in



petrol boats, composites are used. The first composite petrol boat was built in 1960s for US
navy and then mine counter measure vessels are used for locating and destroying sea mines.

Now, in this kind of applications we need non magnetic materials so that they cannot be
detected. So, previously it used to be made by woods, but because we do not want to destroy
nature and we do not want to use too much of wood, so, composite comes into picture here
and there are several mine counter measure vessels which have been constructed by
composites and are being constructed. Coverts, hydrofoil and supercrafts, composite
superstructures, super super structure of a ship are generally made of composites. So, again
there are growing applications of composite there and propellers, rudders, bulkheads, doors,
machinery and engine components various parts of submarine structures also have
composites.

(Refer Slide Time: 13:13)

Application of composite materials :

Electronics industry :

Composite materials used in — smartphones, laptops
cte. duc to

Electromagnetic shielding

Thermal resistance

Structural stability o

Lightweight s~

DL =

Source: https://pixabay.com/

Electromagnetic Shiclding: Kumar, R.. Sahoo, S., Joanni, E., Singh, R. K., Tan, W
K. Kar. K K. & Matsuda. A. (2021). Recent progress on carbon-based composite
materials Jor microwave electromagnetic interference shielding. Carbon, 177, 304

331 doi:10.1016/j.carbon 2021.02.091

Source: https://pixabay.com/
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If we look at the day to day equipments like electronic equipments, composite is also being
useful there. So, smart phones, laptops are examples. The properties that are useful here are
electromagnetic shielding, thermal resistance, structural stability and of course, its light
weight.

(Refer Slide Time: 13:34)



Application of composite materials :

Medical industry :

Composite materials used in — prosthetics, orthopedic,
dental materials cte. due to

1. biocompatibility

2. strength

3. flexibility

Source: https://pixabay.com/

Dental composite resin

— S

Sourcazhitps.//pikabay.com// Biomedical Application: Ramakrishna, S.. Mayer, J., Wintermantel, k., & Leong, K. W.

(2001). Biomedical applications of polvmer-composite materials: a review. Composites
Prosthetic leg Science and lechnology. 61(9), 1189 1224, doi:10.1016/50266-3538(00)00241-4
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In the medical field, composites are used for prosthetics, orthopedic uses have there. In
dental also, dental materials are composites. So, here it is used because of its biocompatibility,
strength and flexibility. We can see a prosthetic leg here.

(Refer Slide Time: 14:13)

Particle-reinforced composite (Particulate composites) :

Particles of various shapes and sizes are dispersed in a matrix

Shape particles can be spherical, cubic, tetragonal, platelet, or other regular or irrcgular shape.

Mostly treated as quasi homogenous and quasi isotropic
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Now we will see various types of fiber reinforced composites. So, there is something called
particulate composites. So, in particulate composites, particles of various shapes and sizes
are dispersed in a matrix. So, if we see a composite like this, so, in the matrix, there are
particles of various shape and size and because they are randomly placed and oriented, it



can be treated as quasi homogeneous and quasi isotropic. Now these particles can be
spherical cubic tetragonal or different kind of shape.

(Refer Slide Time: 14:38)

Fiber-reinforced composite (fibrous composites) :

Fiber length is much greater than its cross-sectional dimensions.
Orientation of fibers highly influences the stiflness and strength of the whole system.

Matrix serves (primary) to bind the fibers in their position.

—
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Now comes fiber reinforced composites. So, as the name suggest we have fibers that are
placed in matrix. Here the fiber length is much greater than the cross sectional dimension.
So, they are long fibers. Now orientation of the fibers here highly influences the stiffness and
strength of the whole system and matrix are polymer matrix. They hold the fibers.

(Refer Slide Time: 15:13)

Fiber-reinforced composite (fibrous composites) :
Fibrous composite is classificd into a) Single layered composite
b) Multiple layered composite
Single layered composite = Consists of scveral layers with same orientation and propertics.
Multiple layered composite = Consists of multiple layers with different orientation and propertics.

Lamina/Ply = Each single layer of fiber-matrix combination.
¥
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Now this fiber reinforced composites can be single layered or multi layered. So, there can be
just one layer with some fiber orientation or there can be many of those which are stacked
one over another. So, something like this where there are many layers which are one over
another. Now each layer is called a lamina or ply. Now these multiple layers can have
different ply orientation and they can have different constituents also.

(Refer Slide Time: 16:05)

Fiber-reinforced composite (fibrous composites) :

Single layered composite—
Continuous fiber reinforced composites =
Composites with long fibers such that loads are directly applied on the [ibers.

Discontinuous fiber reinforced composites = 7
Fiber length affects the propertics of composite matcerial. -

Multiple layered composite—
Laminates = all layers have same propertics but can have different orientation.
Iybrid Laminates = Layers can have different constituent matcrials with diffcrent oricntation.
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Single layered composites can have continuous fiber reinforced composites or they can have
discontinuous fiber reinforcement also. So, when it is discontinuous so, there are fibers of
different small lengths. Now this fiber length affects the property of the composites. In
multiple layered so, there can be hybrid laminate. So, in hybrid laminate the property of the
constituents can be different as we go layer by layer and at the same time the orientation of
the fiber can also be different. Whereas, if it is not hybrid just the material properties are
same the constitutional properties are same layer by layer, but the orientation can be
different.

(Refer Slide Time: 17:07)



Fiber-reinforced composite (fibrous composites) :

Continuous fiber reinforced composites—
Unidircetional > 7‘

All the fibres in a layer are in same direction } %
- TTigh strength in fibrous dircetion. (1-dimensional strength) %

Bidirectional=>
Two mutually perpendicular directions of fibres (woven fabric)
-> 2-dimensional strength.

Discontinuous fiber reinforced composites (very hard to control its orientation) —
Random orientation = -
Chopped fibers are sprayed simultaneously with a liquid resin placed on a mold. G

Preferred oricntation =
Chopped fibers arc lightly bonded first and then sprayed with liquid resin against a mold.

= -,
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Continuous fiber reinforced composites can be unidirectional. So, if we lay the composites
just in one direction so, if our one ply looks like this, it is called a unidirectional composite
and there can be bidirectional where there are plies which intersect each other and they are
laid in different directions. Again in bidirectional there are woven or braided we will talk
about it. When it comes to discontinuous fiber reinforced composite, there can be random
orientation or there can be preferred orientation also. Random means the various short fibers
are randomly oriented and if we want to have some preference in the direction then generally
what is done is this chopped fibers are tightly bonded first and then spread with liquid resin
against a mold.

(Refer Slide Time: 18:32)



Braided Composites

“They are fibrous composite materials that consist of long fibers impregnated by a matrix. Braided composites are
characterized by the organization of their yarns in such a way that they are interlaced diagonally about an axis; this
characteristic is often termed an angle-ply-—chposite. As with other composites, braids are impregnated with a matrix
to form a composite to improve their properties. Strands in braids undulate above and under each other, and these
strands are said to be crimped. Because of their interlaced structures, braids are tougher than traditional laminates;
however, because of the crimp angle of the strands, they are also less stiff than traditional laminates,”

:'r:*a"dbiok:f Adva"_rces in Bra::‘ed Clomposwe ’E‘/'da‘e;';'s Vp . Yarn: A fiber yarn is a continuous strand or thread-like structure
heory, Production, Testing and A ications," ite :Jason are 5 5 M

Y Eone R Y Y composed of fibers twisted or spun together. It is the

A.C West, D.O Adams fundamental unit used in textile manufacturing to create

Effect of yarn crimping on compressive strength design allowables of
braided composites, Proc Am Soc Comp—Xith Tech Conf, Technomic
Publishing Co, Lancaster, PA (1996), p. 999

fabrics and textiles.

: , S
\ > . S \{///
\ A A & V4 F 4 // 7974 \\/Q . ~
Diamond Braid Regular Braid Hercules Braid
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Now in bidirectional composite there can be braided composites. So, braided composites are
fibrous composites that consist of long fibers impregnated by a matrix. Braided composites
are characterized by the organization of their yarns in such a way that they are interlaced
diagonally about an axis. These characteristics is often termed an angle ply composite.

As with other composites, braids are impregnated with a matrix to form a composite to
improve their properties. Strands in braids undulate above and under each other and these
strands are said to be crimped. Because of their interlaced structure, braids are tougher than
traditional laminates; however, because of the crimp angle of the strands, they are also less
stiff than traditional laminates. So, a more description about the braided composites can be
found in this handbook and in various papers also.

Now here we talked about one term which is yarn. A fiber yarn is a discontinuous strand or
thread like structure composed of fibers twisted or spun together. Now it is a fundamental
unit which is used in textile manufacturing to create fabrics and textile. Now there can be
different types of braids. Here we can see some 2D braids. Itis a Diamond braid. Itis a Regular
braid and it is a Hercules braid.

(Refer Slide Time: 19:03)



Woven Composites

In woven composite yarns are interlaced in a specific pattern to form a textile-like sheet

Interlacing pattern of the fibers in a woven composite is achieved through a weaving process similar to that used in
textile manufacturing.

The fibers are woven together in a crisscross pattern, forming an interconnected network.

Source: https://commons.wikimedia.org

-

e
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Similarly there can be woven composite. So, in woven composite, yarns are interlaced in a
specific pattern to form a textile like sheet. Now interlacing pattern of fibers in a woven
composite is achieved through a weaving process similar to that used in textile
manufacturing. Again there can be 2D or 3D weaving. Now here we can see a cross sectional
view of a woven composite.

(Refer Slide Time: 21:34)

Fibre Propertics

Typical Specific Gravit Tensile Tensile Ultimate Cocfficient of
diameter Lo l:(} e Modulus Strength Elongation thermal expansion
(um) 9) (&) (GPa) (%) (107°/°C)

Glass ¥
E glass- 10+ 254 v 724 345 - 48 50 -
S — glass. 10, 249 - 869 Y 430+ 57 29
Aramid o
Keviar 49 119 - 145 ° 131 - 362 - 2:3°% 22
Kevlar — 149 119 . 147 - 179 345 19 -
Carbon
e 1-300 7 v’ 1.76 231- 3.65- 14 -0.55
8 1.80 395 248 0.7
10 2.15 758 245 032
Boron ¥ - 093 400 340 -
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Now in this course, we will stick our self to unidirectional composites. So, we will consider
composite where there can be many plies, but each ply has just one direction of composite



orientation. Now let us look into the fiber different constituent properties. The fiber that we
generally used in fiber reinforced composites are glass fiber, aramid fiber, carbon fiber and
boron fiber.

Again in glass fiber, there can be E glass fiber and S glass fiber. E glass fiber costs less and
these are the different properties. So, these are the typical diameters of fiber. Here, specific
gravity is given. A tensile modulus around 70 to 80 GPa, tensile strength is around 3 to 4 GPa,
ultimate elongation in strain is around 4 to 5 percent and coefficient of thermal expansion
varies from 5 to 2 into 10 to the power minus 6 by per degree centigrade.

Kevlar fiber properties again the typical diameter is somewhat same, specific gravity is little
less, tensile modulus is higher than the glass fiber, tensile strength is somewhat same,
ultimate elongation is less than the glass fibers. And if you talk about carbon fiber, carbon
fiber is much costlier than glass fiber, however they have much better properties. So, in
aerospace applications carbon fibers are very widely used even in formula car also. So,
depending on the applications fibers are chosen depending on how much strength we need,
how much accuracy we need and what is our budget.

So, accordingly fiber has to be chosen. If we talk about carbon fiber, the diameter is less than
the glass or Kevlar fiber. Its specific gravity is comparable with the aramid and carbon fiber's
tensile modulus is much higher than the glass fiber. And then we have the tensile strength
which is comparable. Ultimate elongation is much less and boron fiber have this properties.
Specific gravity is much less, its tensile modulus is much higher, tensile strength is somewhat
comparable.

(Refer Slide Time: 23:30)

Fibre Propertics

Thermosetting polymers

Properties
Polyester Vinyl Ester . Epoxy _ Phenolic
Specific Gravity (SG) 1.1-1.5 1.12 1.2 1.15
S
Tensile Modulus (GPa) 1.1-45 3-4 — 2-6 3
Poisson’s Ratio 0.36 - 0.37 =
Tensile Strength (MPa) 40-90 65-90 - 35-130 50-75
Compressive Strength 5 —
(MPa) 90 -250 127 100 - 200 v 200 o
Elongation (%) 25 1-5 1-85 2
Coefticient of thermal 5
: =2 45 —
expansion (107%/°C) 40200 oot ge=ll
Water absorption (%) 0.1-03. = 0.1-04 -
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Now comes polymers. So, when we talk about this polymers, polymers means the matrix
material. So, the matrix is generally a polymer which we call resin and this resin is mixed
with a hardener and then it is cured and it forms a matrix. Now this polymers resins can be
thermosetting or thermoplastic. Now thermosetting polymers once it is cured and it is
hardened if we heat it we cannot melt it. Now thermosetting polymers example include
polyester, vinyl ester, epoxy, phenolic.

Their specific gravities are more or less same. If we talk about tensile modulus, we get more
tensile modulus through vinyl ester. Poisons ratio is again somewhat comparable. Tensile
strength again we can see for polyester 40 to 90 mega Pascal, vinyl ester 65 to 90 mega Pascal
and epoxy 35 to 130 mega Pascal, phenolic around 50 to 75 mega Pascal. Compressive
strength in mega Pascal itis 90 to 250, for polyester 127, for vinyl ester 100 to 200 for epoxy,
200 for phenolic, elongation 2.5 percent maximum elongation, vinyl ester 1 to 5 percent,
epoxy around 1 to 8.5 percent, phenolic 2 percent. Coefficient of thermal expansion 60 to
200 into 10 to the power minus 6 per degree centigrade for vinyl ester and epoxy around 53
or 40 to 70 in the same unit. If you look at the water absorption properties, polyester absorbs
water 0.1 to 0.3 percent, epoxy 0.1 to 0.4 percent.

(Refer Slide Time: 24:18)

Young’s Sy Tensile Heat
Tensile Yield = 2 K =
Modulus Stress (MPa) Failure Distortion Comments
(GPa) i Strain (%) | Temp. (°C)

ABS (_Acxylomtnle 105 3 35 / 50 / 100~ Used in some small craﬁ,_ eg.
Butadiene Styrene) surthoards: poor weathering
PET (Poly-Ethylence 135 28 80 80 75 Used r_n.unl_v in injection
Terephthalate moulding; creep-susceptible
HDPE (High Density 0.05 10 30 600-1200 60 T.ow-cost, Em.lgh, wmcr-m'stsmm.
Polyethylene) creep and fatigue susceptible
PA (Poly-Amide, nylon 115 22 25 60 75 Tough, .fa(ig.ue-resjsmm: ‘
6/6) susceptible to moisture cflcets
PC (Poly-Carbonatc) 12 23 60 100 130 Good impact and fatiguc resistant

2 0 Tough, temperature and fire
LR E 1.35 28 84 60 203 resistant; used in acrospace
Sulphone)

components

PEL (Poly-Ether-Imide) 13 30 105 60 200 As PES

PEEK (Poly-Fthere-
Ether-Ketone)

13 3.7 92 50 140
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Then comes the matrix which is thermoplastic. So, here after curing we can heat it and melt
it. Now there are different types of this polymers. ABS used in small craft for example,
surfboard, butthey have a poor weathering. Specific gravity 1 to 1.05, Young modulus 3 giga
Pascal, tensile yield stress is 35 mega Pascal, tensile failure strength 50 percent, heat
distortion temperature in centigrade is 100. Similarly there are various types of this polymer
resins and we can see their comparisons.

As PES




(Refer Slide Time: 27:44)

Honcycomb Composites

L)‘P Leading edge panel Trailing edge panel
? kﬁ *',.w' ” e Trailing edge
< [ . o i I Relnforcement

_— SNL Triax -

= = _ W\ i St d o Gelcoat

C = e
- - Shear Webs o et
; <
A — | e
et \I_J)" > S < UD Glass
et -/
v‘*r) Foam . - Pressure side

UD Carbon

o -
SNL Triax e
. i
Saertex (08) Cm——
Spar cap Gelcoat

Shakya, p., Sunny, M. R., and Maiti D. K., "Nonlinear flutter analysis of a bend-twist
coupled composite wind turbine blade in time domain,” Composite Strcutures, 248,
2022

|@&l S3F mif Smart Structure

Now, let us spend some time in talking about the honeycomb composites. In honeycomb
composite, there are two phase sheets, the phase sheets can be a fiber reinforced composite
laminate and at the core there is some core material.

So, we can see a FRP at the phase. So, they are called phase sheet. Now again, phase sheet
always does not need to be FRP. It can be a metal also and the core can be honeycomb may
be of aluminum, there can be foam, there can be cellular core and so on. Now, we get
tremendous advantage by using honeycombs. We get much more strength and stiffness with
less weight. So, here we can see that these fibers reinforced plastics they have high Young
modulus.

So, they are placed at the two extremes. So, that takes care of the bending and this deep core
takes care of the shear. So, accordingly we can go for better light weight and high strength
design with honeycomb composites. Now for example, here we are showing one airfoil
section of a wind turbine blade. So, we can see that at different places there are foam cores
and various laminates are used and at the surface there is a gel coat for better finish and
better protection.

So, again these laminates have different names like SNL, Triax, Sertex. So, mostly
unidirectional laminates are there. So, this gives an overview of how this composites are
placed and the foams are placed and the protective materials are placed to make a real life
airfoil composite structure. So, with this brief introduction I would end this lecture here.
Now we will gradually move on to analysis. So, as we said in this course we will restrict our
self to unidirectional composite.



So, in the next lecture we will start looking into the properties of a unidirectional ply. So, we
have the properties of each individual constituents here. So, for example, in a glass fiber
reinforced composite, we can have the properties of glass fiber and the matrix material, the
matrix material can be epoxy or polyester and so on. Similarly, in a carbon fiber composites,
we can have the properties of carbon fiber and the matrix material and from those
constituents we will see the properties of a lamina or ply. So, we will do some kind of
homogenization, so that instead of having to deal with the individual properties, we will deal
with the equivalent property of a composite and that will start defining from the next lecture
and then we will gradually move on to the properties of a laminate and its analysis.

So, with this let us end the lecture here.

Thank you.



