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ABSTRACT

Using of fiber-reinforced composite materials is rapidly advancing in the automotive and aerospace
industries due to their superior properties, including lightweight, high strength-to-weight ratio, high
impact strength, corrosion resistance, design flexibility, and dimensional stability. Traditionally,
vehicle bodies have been constructed from heavy metals like steel, increasing vehicle weight and
fuel consumption. This study focuses on enhancing the mechanical properties of Jute/Glass Fiber
reinforced epoxy composites for automotive body applications.

The research evaluates tensile, compression, impact, and flexural strengths of unidirectional jute
and glass fiber composites by varying fiber weight ratios, orientation angles, and stacking
sequences. Experimentation followed ASTM standards, and the composite car bonnet was designed
and analyzed using Classical Laminate Theory and optimization via Opti-Struct in Altair Hyper
Mesh 2019.

Results indicated that a 50/50 weight ratio of jute to glass fibers with unidirectional orientation
offered the best mechanical properties. Additionally, incorporating £+45° fiber orientations enhanced
impact strength in both lateral and transverse directions. The bonnet design optimization led to a
67% weight reduction compared to conventional steel bumpers, resulting in an average fuel savings
of 0.0034 L/100 km.

Thermal analysis using FEM Ansys showed that the composite bonnet had lower thermal
conductivity and heat flux, with higher temperature distribution at the edges due to constraints. The
thermal stress remained within safe limits, indicating no immediate failure risk.

In conclusion, the hybrid composite material with Jute/Glass fibers can effectively replace
traditional steel Bonnet, offering significant weight reduction and fuel efficiency improvements

without compromising safety.

Keywords: Hybrid Jute/Glass Fiber Reinforced Composite, Mechanical Property, Classical
laminate Theory, Impact Strength, Altair-Hyper Work, Weight Optimization ...
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CHAPTER ONE
1. INTRODUCTION

1.1. BACK GROUND

Most automotive industry uses conventional metals like steel, aluminum, magnesium and steel
alloys to manufacture automobile bodies. These materials are heavy which increases weight of
automobile causes for high carbon gas emission to the atmosphere. Also, the conventional materials
are too costly causes economic crises. As a key technology of energy conservation and emission
reduction, lightweight technology has attracted the attention of automobile enterprises and
researchers. As a result, today new invention in technology material was introduced called composite

provides high mechanical performance with low cost and lower weight.

Composite materials are heterogeneous solid containing at least two or more different materials with
significantly different physical or chemical properties that are mechanically & metallurgical bonded
together to enhance better & different mechanical, thermal or electrical properties to correct a
weakness in one material by strength in the other (1). Practically, most Composite materials are
composed of Two big components reinforcement and matrix. matrix surround or hold
reinforcements together to create products with any shape and size. reinforcement is tougher,
stronger and Stiffer than the Matrix usually can be fibrous or a particulate. These fibers can be either
synthetic or Natural. A fibrous reinforcement has high strength because of high length-to-diameter
(I/d) ratio is known as the aspect ratio. Continuous fibers have long aspect ratios & preferred
orientation, while discontinuous fibers have short aspect ratios & random orientation. the smaller-

diameter of fiber tends high-strength, greater flexibility and easy to fabrication processes.

Whereas Particulate composites have approximately equal dimensions in all directions but much
weaker, less stiff and less expensive than continuous fiber composites. Particulate reinforced
composites typically contain less reinforcement (40 — 50 volume percent) (1) due to processing
difficulties and brittleness a Matrix phase can be polymeric, metallic or ceramic which uses load
transferring to fibers, maintaining the fibers in the proper orientation and protecting them from
abrasion the surface. Polymers have low strength and stiffness whereas metals have intermediate

strength and stiffness but high Ductility, & ceramics have high stiffness, strength but are brittle.
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Using of Natural Fiber reinforced polymer composites are being grown in almost every type of
applications in our daily life because of their properties like low cost, Available, low density,
biodegradable, environmentally friend (nontoxic), and nonabrasive...etc. Currently, there are
variety of industrially usable natural fibers like, jute, sisal, Palm, bamboo, banana, hemp etc.
available whose mechanical properties is relatively good, and may compete with glass fiber in terms
of specific strength and modulus (2). Among all the natural fibers, jute is relatively cheap and
commercially available in various forms. Jute fiber has many inherent advantages like luster, low
extensibility, high tensile strength, moderate fire and heat resistance and long staple lengths (3) (4).
Traditionally, jute is used in packaging fabrics, saking, mats, manufacturing hessian, carpet backing,
bags, ropes, twines and tarpaulins. Jute fibers are also used in wide range of products like in
construction for finishing, decorative fabrics, salwarkamizes, chic-saris, soft luggage, molded door
panels, footwear and other innumerable useful consumer products (5). However, today major
innovation comes and Jute fiber can be used as reinforcement in polymer composites in short,
unidirectional or woven forms used in various applications like automotive, structures, aerospace,
ship and fishing boats, sports, medical sector, packaging materials, toys and furniture’s etc. The use

of jute fiber is increasing hurriedly in industrial application.
1.2. APPLICATION AREA OF COMPOSITES

Since the development of synthetic resins during the 2" half of 20" century application of composite
materials comes dramatically increased especially in Aerospace industry, transport industry,
structural application, Military, Automotive, Medical, Sporting goods etc. (6) (7) (8). Composites
can be considered as a superior type and more unique than Conventional material which has a wide
range of applications because of the following especial characteristics. The automotive industry is
increasingly adopting natural fiber reinforced epoxy composites for vehicle components due to their
Lightweight, High Strength-to-Weight ratio, Corrosion Resistance, Low Thermal Conductivity etc.
Drawback of composite

v High fabrication cost: e.g., part made of graphite/epoxy may cost 10 -15 > material costs.

v High moisture absorption and partially flammable.

v Repair of composites like crack is not a simple process compared to that for metals.

Some common applications areas of composite are
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¢ Aircraft: wings, fuselages, Jet engines, Turbine blades, Turbine shafts, Compressor blades,
Airfoil surfaces, Fan blades, Flywheels, doors, Rotor shafts in helicopters etc.

¢ Automobiles: bodies like Engines, bearing materials, Piston, cylinder, connecting rod,
crankshafts, roof, floor, frame, front & rare Bonnet, chair, A-pillar and B-pillar...

¢ Building and construction: (e.g., doors, panels, frames, and bridges)

¢ Chemical engineering: (e.g., pressure vessels, storage tanks, piping, and reactors)

¢ Space craft: Antenna system, Solar reflectors, Satellite structures, Radar, Rocket engines

Structural Framing and Suppont
Trusses & Booms

Al

Furst Wall and Blanket
in Fusion Reactors Medical

Engine Nacelles
Tadal Turbines

Renewable
Energy

Acrospace

Hydrogen Tanks
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Car body

(X

Automotive Hubs Boat Propellers

Figure 1:1 Some Application of composite
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Finally, reports by Pandey et al. (9) and Bledski et al. (10) indicates the fact that a 25% reduction
in the weights of vehicles can lead to a saving of 250 million barrels of fuel, which will translate
into about 220 billion reductions in energy cost and a substantial reduction of the yearly CO>
emission. weight reduction of the car body can be a solution to these problems since 57 kg weight
reduction is equivalent to 0.09-0.21 km per liter fuel economy increase (11). Anthony. (12) states
that Vehicle weight Savings about from 40% - 45% of total Weight for cost effectiveness if the
conventional materials are replaced by fiber reinforced composite materials. Again, Helms and
Lambrecht: studied about 100Kg weight reduction of trucks saves the fuel an average of 0.06 | per
100 km i.e. about 0.031/(100km) on flat highway & up to 0.11 /100 Km in urban traffic situations.

1.3. STATEMENT OF THE PROBLEM

A lot of automobile bodies are being assembled in different large and small-scale Automotive
companies in our country today. Most of these automobile bodies are made from steel and alloy steel
material having high weight and imported at high cost. This higher weight causes higher fuel
consumption of automobiles resulting high gas emission to the atmosphere which is currently the
main concern. Natural fiber Reinforced composite having lighter weight, higher Strength, Low cost,
good impact tolerance can Replace the costly and heavy Conventional material without
compromising the required strength.

1.4. OBJECTIVES

1.4.1. General Objective
The general objective of this study is improving Automotive Boy using Hybrid of jute and Glass
Fiber Reinforced Epoxy Composite material.

1.4.2. Specific Objective

¥v" To characterize Mechanical Property of the Composite material experimentally based on fiber
Weight Ratio, Fiber Angle of orientation and Stacking Sequence.

<

To Design and analysis the Hybrid composite car body (Hood or Bonnet).

<

To make Size & Stacking Sequence Optimization using Opti Struct in Altair-Hyper work.

¥v" To make thermal analysis of the car bonnet using FEM in Ansys.
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v To validate the optimized Composite Bonnet against the existing steel bonnet.
1.5. Thesis Outline

The thesis is organized in to six chapters: The first chapter gives all about the introduction of
composite material, Problem statement and objectives. Chapter 2. Contains a literature review to
provide a basic knowledge of the main subjects presented in this thesis. It presents the research
works carried out by various investigators specifically on jute fiber reinforced polymer composites.
Chapter 3. Provides information of the raw materials used, fabrication technique, Experimental
Mechanical Property characterization of the composites under different variables and Software
Analysis. Chapter 4. presents Design and analysis of the composite car Bonnet. Chapter 5. Presents
both experimentally the physical and mechanical properties test results and Analysis result of the
composites. Chapter 6. Provides conclusions drawn from the experimental and analysis study and

recommendation for future research work.
1.6. SCOPE OF THE STUDY

This thesis report aims to comprehensively investigate the characterization of composites through
theoretical analysis using analytical or numerical impact analysis, incorporating various fiber weight
ratios and fiber angles of orientation in the composite laminate, alongside empirical experimentation
involving mechanical testing such as tensile, impact, and flexural tests. Additionally, it encompasses
the design and analysis of a composite car Bonnet, considering factors like material selection,
geometry, and load conditions, followed by an optimization process utilizing Opti-Struct in Altair
Hyper Works software to optimize weight and stacking sequence. validating the optimized
composite body against the existing design, ensuring its effectiveness and potential for
improvement. Overall, this thesis report provides a holistic exploration of hybrid composite
materials for automotive bonnet, encompassing theoretical characterization, experimental

validation, design and analysis, and optimization techniques.
1.7. SIGNIFICANCE OF THE RESEARCH

This study of Jute and glass Fiber reinforced Epoxy matrix composite material for automobile body
application is expected to develop a composite material with higher strength and stiffness and lower

weight. this Indirectly reduces gas (petroleum) consumption of the automobile results increase in
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cost and decrease harmful gas emission to the atmosphere. So finally, if this composite material
replaces the expensive and heavy metals like steels which is developed for various engineering and
structural applications in Automotive industries, aerospace, chemical industry, commercial and

military aircrafts industries for window and doors frames, industrial furniture, machine cover &

ducts, etc....a lot of benefit will be achieved.

& Light weight which leads to low fuel consumption

& Getting products with improved strength

& Can be as source of income (business) and Job opportunity can be created.
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CHAPTER TWO
2. LITERATURE REVIEW

2.1. BASIC CONSTITUENTS OF COMPOSITE MATERIALS

Composites are a combination of at least two macroscopic components (elements) of matrix and the
reinforcement working together to produce material properties that are different their own. i.e.

Composite = Reinforcement + Matrix.

2.1.1. Reinforcement
Reinforcer are materials either Fibrous or Particulate whose main functions in composite are (13)
v To carry the load in a structural composite almost from 70 to 90%.
v Provides extra Mechanical properties (stiffness, strength) and thermal properties.
All of the different fibers used in composites have different properties and so affect the properties
of the composite in different ways. For most of the applications, the fibers need to arrange into some

form of sheet, known as a fabric, to make handling possible.

2.1.2. Matrix
The matrix are materials whose main purpose in composite are (13)
v To surround the fibers protects against Mechanical, chemical & environmental attack

To transfers the stress (applied load) to the fibers

v
v Keeps the fibers in a desired position, orientation
v’ Offers rigidity and shape to the structure

v

Provides a good surface finish quality

For the fibers to carry maximum load, the matrix must have a lower modulus and greater elongation
than the reinforcement. Otherwise, the matrix would fail before the load was transferred to the fibers.
The resin also reduces the propagation of cracks in the composite. This is because of greater ductility
and toughness of the plastic matrix, relative to the fibers. Good bond between the fibers and the resin

is required because Weak bonding causes fiber pullout and delamination of the structure.
2.2. CLASSIFICATION OF COMPOSITES

Composite materials can commonly classify based on the following two distinct levels Figure 2:1:
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2.2.1. Classification based on matrix constituent : -

1) Polymer matrix composites (PMCs): -are the most commonly applicable and uses a polymer-
based resin as the matrix, and some fibers such as carbon, glass and aramid as reinforcement. Can
be either Thermoset or Thermoplastic. Thermoset have well bonded and not reversible 3D molecular
structure after curing whereas Thermoplastic have 1 or 2D molecular structure that can be reversed
to regain its original property during cooling (curing).

2) Metal-matrix composites (MMCs): - typically use SiC fibers embedded in a matrix made from
an alloy of aluminum and magnesium, copper, titanium, and iron are increasingly being used.

3) Ceramic-matrix composites (CMCs): - Uses ceramic as the matrix and reinforced by short

fibers SiC and boron nitride which uses in lightweight structures.

2.2.2. Classification based on reinforcement
1. Particulate Composites (PCs): - are composed of particles in flakes or powder form distributed
in a matrix body. Concrete, Fly Ash and wood particle boards are some examples of this category.
2. Structural composites (SCs): - grouped into 2: laminated and sandwiched panel composites.
Laminated Composites are composed of layers of materials held together by a matrix.
3. Fiber Reinforced composites (FRC): - are composed of fibers embedded in matrix can be
continuous or discontinuous. discontinuous (short) fiber if its composite properties like elastic
modulus vary with fiber length but if not is called continuous.
Factors for fiber selection of Fiber Reinforced Composite with a polymer matrix are

v" Mechanical and physical properties.

v Elongation at failure.

v Adhesion (bond ability) and wetting for matrix.

v"Availability, price and processing costs.
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Classification of Composite l
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Figure 2:1 Classification of Composite Laminate Diagram (13)
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2.3. LAMINATED COMPOSITE AND IT’S FAILURES

Laminates are sheet structures which are made by stacking layer by layers (plies or laminae) in a
specified sequence. laminate composite can be in hybrid form made of two or more fibers lamina.
The hybrid effect was investigated by Hayashi & defined as the apparent failure strain enhancement

of the low elongation fiber (carbon) in a carbon/glass hybrid composite (14).

Fiber - 4
Fiber - 3

Matrix ——

Fiber - 2

Fiber - 1

Figure 2:2 Hybrid Fiber Reinforced Laminate Composite

This study focuses on Hybrid composites fabricated from unidirectional fibers of Jute and Glass
with particulate reinforcement fiber and Epoxy laminates having different six layers or plies. A
laminate will fail under increasing mechanical and thermal loads in any of the six-principal plane

until all plies fail. So, these failures can be either from fiber or matrix.

2.3.1. Fiber Failure modes

Fiber can fail under tensile, bending, impact and compressive loading (15). Under tensile loading a
number of fiber breaks occur in the vicinity of each other leading to failure initiation. The failure
mechanism and strength depend on whether the ply is unidirectional or woven fabric. A
unidirectional ply loaded with tensile stress ot (along the fiber direction) will fail when the ultimate
stress reaches the critical limit. This limit will be the tensile or compressive strength of the fibers in
the respective mode of loading.
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Figure 2:3 Fiber compression failure (a) and Fiber tensile failure (b)

Again, Compressive failure is associated with micro-buckling of fibers within the matrix. A
compressive strength of the lamina is not only influenced by the compressive strength of the
constituents but also by the elastic stiffness and shear strength of the matrix (16). also, Flexural

stresses in the fiber caused due to buckling will result in bend zones that give rise to failure planes.

2.3.2. Matrix Failure Modes

The matrix material can fail in tension, flexural, impact or compression based on the nature of
loading in the direction perpendicular to the fibers. For unidirectional composites, transverse tensile
failure is very critical in high stress and strain concentrations (17). The fracture plane in transverse
tensile loading is perpendicular to the loading direction. In transverse compression, a unidirectional

composite may fail due to a crack at an angle to the loading direction (18).
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Figure 2:4 Matrix compressive failure (a) and Matrix tensile failure (b)

Matrix has the same Longitudinal and transversal Mechanical property value because of they are

isotropic in all direction.

2.3.3. Delamination

Delamination is a through thickness failure form of laminate by which it occurs when fiber pullout
from the surrounding matrix. Delamination usually occurs in the interface between plies of different
fiber orientations. Interlaminar strength reduces when composite structures are subject to impact

and thereby lead to catastrophic failure. Delamination behavior can be Mode I (tensile separation)
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and Mode Il (shear induced separation) or mixed Mode I/1l as shown in fig bellow. Numerous

experimental tests and numerical techniques are utilized to characterize and evaluate the extent of

Mode I Mode IT Mode III

interlaminar delamination.

Figure 2:5 Delamination of Laminate and different modes of inter-laminar delamination

The critical energy release rate characterizes the amount of energy necessary for interlaminar
fracture in a particular mode. Mode | is characterized by the standardized Double Cantilever Beam
test and Mode Il energy release rate is determined from the End Notch Flexure test. The energy
release rate in both tests is determined from a measured applied load P, displacement ¢ and an initial
crack length a as it propagates under the influence of load. Practically delamination failure is mostly

mixed mode (combination) of Mode | and I1.
24. VEHICLE WEIGHT REDUCTION

Fuel economy can be improved by reducing vehicle weight, by reducing aerodynamic drag and by
increasing the thermodynamic efficiency of the engine. Some advanced materials with high specific
stiffness and strength properties are adopted into the automotive applications. From the research
study (19), every 10% of weight reduced from the average new car or light truck can decrease fuel

consumption by 6.9%.

In past years, many technological improvements have been developed in order to increase fuel
economy; they are listed in Table 2:1 shows how much potential fuel economy could be obtained.

Table 2:1 Fuel Economy Improvement Potential of Conventional Vehicle Technologies (19).

Technology Fuel economy improvement potential

15% to 20% (compared to 4-stroke engines

2-stroke engines of similar power output)

4-stroke direct injection stratified charge engines | 18% to 23%
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25% to 40% (compared to similar

Direct-injection diesel engines ; . .
displacement gasoline engines)

Continuously variable transmissions (CVTs) 3% to 10%

10% to 20% (assuming weight reduction of
Lightweight materials: aluminum, composites, 30% without compromising safety, comfort,
or performance)

5% to 8% (assuming 30% reduction in

Reduced rolling resistance . A
rolling resistance)

Table 2:1 is telling us that fuel economy could increase 10% to 20% if weight reduction is about
30%. weight reduction of vehicle to improve fuel economy could be achieved in three cases.

I.  Redesigning the vehicle substructure:

Il.  Reducing vehicle size:
According to a study (19), weight savings of 9 - 12% could be achieved by changing large vehicle
by mid or small size.

I1l.  Lightweight material substitution:

Using Advanced light weight like composite with higher strength could improve fuel economy.

2.5. CAR BONNET AND ITS IMPACT ANALYSIS
Car bonnet (hood) is the hinged cover that protects the engine component of a vehicle. it is designed

to provide access to the engine for maintenance while protecting it from external elements.

A

Figure 2:6 Three-Dimensional View of Head Form Impactor (A) and Car Bonnet (B)
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2.5.1. Types of car bonnet systems:
Ther are different types of bonnets but among them are listed below.
1. Conventional Hinged Bonnet: Most vehicles have a hinged bonnet that opens towards the

windshield using hinges at the front of the vehicle.

2. One-Piece Tilt-up Bonnet: This type of bonnet opens by tilting up from the front and

provides easier access to the engine for maintenance.
3. Solid Bonnet: is the most common type made from a single metal (usually aluminum, steel).

4. Composite Bonnet: made from materials like glass fiber or carbon fiber known for being
lighter. This type bonnet is being dealing with for this thesis work.

2.5.2. Components of car bonnet system:

The car bonnet system includes the bonnet itself, hinges, latches, struts, insulation, and other
components that enable the bonnet to open and close smoothly and securely. It is crucial for the
proper functioning and safety of a vehicle

1. Bonnet: The external panel that covers the engine compartment.

2. Hinges: Attached to the vehicle body, these allow the bonnet to pivot open and close.
3. Struts: Support the bonnet when it is open to provide easier access to the engine.
4

Insulation: Helps reduce engine noise & prevent heat transfer from the engine to the bonnet.

2.5.3. Requirements on the bonnet
The most important requirements of car bonnet are in terms of safety for pedestrians, drivers and
engine protections etc. The requirement of this study is to investigate a material provides better
properties such as lower weight, density, better mechanical properties to replace the existing
conventional bonnet material. The largest category requirements considered are:
v’ Pedestrian safety (energy absorption)
v Passive safety
v' Stiffness requirements
But there are still needed demands to be met fulfilled when a complete bonnet is taken in
consideration, are such as:
= Hinges and Latches System Safety
= Corrosion of bonnet and front fenders
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= Open/close endurance of bonnet
= QOver opening strength of bonnet

l. Pedestrian Safety Test
Euro NCAP is a division working with safety aspect tests of cars in form of pedestrian protection
since about 7000 pedestrians per year are killed by traffic accident in the European Union (20).
About 14% of all road accidental events in Europe are with pedestrians. Most accidents occur within
city areas where the speeds are moderate. In these tests, the potential risk at injuries to pedestrian
head, pelvis, upper and lower leg are assessed.
To estimate the potential risk of head injury when a vehicle striking an adult or a child, a series of
impact tests is carried out at 40 km/h using an appropriate head-shaped impact mass (4.8 kg). Impact
test for pedestrian protection is done as illustrated in figure bellow in three cases:

» The impact of the head-shaped mass onto the vehicle bonnet
To estimate the potential risk of head injury when a vehicle striking an adult or a child, a series of
impact tests is carried out at 40 km/h using an adult or child head form impact mass.

» The impact of a leg-shaped mass to the front bonnet
To estimate the potential risk of pelvis and upper leg injuries in the event of a vehicle striking an
adult, a series of impact tests is carried out at 40 km/h using an adult upper leg form impact mass.

» The impact of an upper leg-shaped mass to the leading edge of the bonnet.
To estimate the potential risk of leg injuries in the event of a vehicle striking an adult, a series of
impact tests is carried out at 40 km/h using an adult leg form impact mass.

Figure 2:7 Head impact (Crash) testing of Car Bonnet at 40 km/h

1. Head-shaped mass
The material which is used to perform testing is called head form. The fatal injuries with respect to
pedestrians are originated by the head impact. Hence, the investigation in terms of pedestrian safety

is mostly focused on bonnet impact testing. Head form consist of three main parts an outer/skin part
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which is made by polyethylene/rubber, an inner (sphere) part and a covered (End Plate) part which
are made of aluminum as shown in figure 4. The head form also include an accelerometer to calculate
the acceleration during the impact. Parameters such as impact angle and weight of the head form
differ from child to adult since this criterion depends on the length and weight of the person. The

angle and weight are 65° and 4.8 kg respectively for adults while 50° and 3.5 kg for children
respectively.

End Plate
kin j ¥ E— 07 it P
> ol ’?i/ i
3 J,,:—;ﬁ_.a ua
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%2
<’\'.‘
Sphere &7
</

Figure 2:8 Sectional View of head form like impactor

. Child Head Impact Test on Car Hood (Bonnet)

According to ISO 16850: 2007 and ISO 14513: 2016 A children's (adult’s) head form model is used
to impact a car bonnet to evaluate the performance of vehicles bonnet against pedestrian safety. car
bonnet is assumed to be an Elasto-Plastic material card. the tests are required to achieve the essential
improvements in the construction of vehicles, the tests are designed in such a way that they will

represent the Real-world accident scenario.

December 16, LITERATURE REVIEW Page | 16




Characterization, Design and Analysis of Jute / Glass Fiber Reinforced Epoxy Composite
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Figure 2:9 Child or Adult Head Form Impact Test of the Car Bonnet

The different impactors used in predicting the performance against pedestrian safety are the lower
leg foam and upper leg foam impactors (representative of the adult leg) and the adult and child head
foam impactors (representative of the adult head and child's head). Head injury is a more life-
threatening and most common cause of pedestrian deaths in pedestrian vehicle collisions. It was

decided to focus on these impactors and test procedures as a part of this study.

IV.  Wrap Around Distance (WAD):
When a car crashes on the pedestrian, the whole human body wraps around the front shape of the
car, and the head impacts on the bonnet or the windscreen. The distance at which the head impacts
on the car from the ground is mentioned as Wrap Around Distance (WAD) as shown in fig above.
To be specific the WAD is a measurement of the distance from the ground to the head impact
zone over the outer surface of the car. during the crash analysis, based on the Wrap Around Distance
(WAD), two test areas will be created namely the Child head impact zone and the adult head impact
zone. The child head impact zone is between 1000 to 1700 mm WAD and the adult head impact
zone ranges between 1700 to 2100 mm WAD respectively shown Figure 2:9 above.

V. Head injury criteria (HIC)
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The head foam impactors are used to test the behavior on vehicle structures such as the hood. In a
pedestrian-vehicle impact, the kinematics and severity of pedestrian injuries are affected by the
impact locations on the vehicle and body velocities after impact. The objective of this project is to
analyze the pedestrian kinematics in a Pedestrian-Car accident scenario and determine the Head
Injury Criteria (HIC) from the head resultant acceleration, for head impacts on the vehicle hood.
The equation used for the measurements of the head injury of the whole model for the pedestrian
head impact was Head Injury Criteria (HIC). It has been used to predict the risk of engine hood to a
pedestrian during the collision.

HIC is calculated according to the below Equation

I a(t)dt]z'5 (t, - tl)} (2:1)

HIC = max{[ !

ty,ty (Ltz—ty
When,
a: the Resultant Acceleration (as a multiple of 10 m/s? or about 1 g), t1, t2: two-time instants (in
seconds), which define the start and end of the recording when HIC is at maximum. Values of HIC

at the time interval ts- to.
2.6. JUTE FIBER COMPOSITE AND RELATED JOURNALS REVIEW

Jute is multi-celled in structure which is an annual plant that grows 2.5 - 4.5 m long and flourishes
in monsoon climates (21). This plant grows and found mainly in southern part of our country. Jute
is a lingo-cellulosic fiber because its major chemical constituents are lignin and cellulose. Among
different natural fibers, jute fibers are easily obtainable in fiber and fabric forms with good thermal
and mechanical properties (22). Many Studies have been shown on enhancing the performance of
natural like jute fiber-reinforced polymeric composite materials by characterizing mechanical,
physical and chemical properties based on their Fiber surface treatment, fiber Weight or volume

ratio, hybridization effect, fiber Angle of orientation, stacking sequence, & filler material addition.

(23) Ajith Gopinath et al. (2014). Experimental Investigations on Mechanical Properties of Jute
Fiber Reinforced Composites with Epoxy and Polyester Resin Matrices. It discusses impact of fiber
treatment on mechanical properties, and comparison between jute-polyester and jute-epoxy
composites. The result shows that jute epoxy treated at 5% NaOH gives higher tensile but lower

Flexural strength and lower Impact Strength than jute polyester. Again, the study highlights the
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significance of fiber-matrix adhesion, fiber dispersion, and orientation in determining the overall
strength of the composites.

(24) Torres, G.B et al. (2023). The study investigates the incorporation of untreated and alkaline-
treated jute fibers into natural rubber for counter sole shoe manufacturing. Alkali treatment improved
fiber properties without compromising mechanical performance, with treated fibers showing
increased tensile strength and comparable flexibility. 5% NaOH treated Jute Fiber samples exhibited
8% less hardness, 70% more tensile strength, and the same flexibility compared to their pure rubber
counterparts. Scanning electron microscopy (SEM) was used to investigate the morphology of the

composites in detail as analyzed using the Lorenz-Park equation and confirmed by SEM analysis.

(25) Hua Wang et al. (2019). This study investigates the effects of chemical treatments on jute
fibers and their subsequent impact on the properties of jute fiber/epoxy composites. Analysis of
mechanical properties, surface morphology, and FTIR spectra reveals improved interfacial adhesion
and reduced void formation in composites with treated fibers. SEM images of fractured coupons
demonstrate the enhanced performance of composites with chemically modified jute fibers,
highlighting the importance of chemical treatment in optimizing the mechanical properties of jute
fiber composites.

(26) Anna Dilfi K.F et al. (2018) The study explores the impact of surface modifications on jute
fiber-reinforced epoxy composites, focusing on alkali, silane, and combined treatments. Via SEM
analysis, it assesses the surface topography of treated and untreated fibers. Mechanical and
thermomechanical properties of composites were compared, highlighting improved performance
with combined modification due to enhanced interfacial adhesion. The chemically treated fibers
showed lower water absorption rates, but exposure to moisture led to reduced properties, potentially
due to fiber degradation.

(27) S.H. Mahmud a et al. (2023). It studies the mechanical properties (tensile, bending and impact
strength), water absorption properties and Y-irradiation effect of jute/polyester and glass/polyester
composites material. Result revealed that tensile strength, bending strength, tensile modulus,
bending modulus, and impact strength increased by approximately 14, 28, 20, 21, and 13%,
respectively, for the case of jute/polyester composites while glass/polyester composites
demonstrated 13, 27, 15, 14, and 22% increase of the values, respectively. It concludes that
hybridizing synthetic and natural fibers enhance strength and reduce costs.
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(28) Dabade et al (2013): used polyester matrix to study the effect of fiber weight ratio and fiber
length of palmyra fiber on the tensile properties. It was observed that the tensile properties of
palmyra fiber showed improvement up to a fiber length of 50mm and thereafter the tensile property
degraded gradually stating an optimum fiber length for maximum tensile strength. Further, the
tensile properties showed improvement up to a fiber weight ratio of 55% and then decreased with
further increase in the fiber weight ratio.

(29) Amit Bindal et al. (2013). Studies mechanical property characterization on hybrid of Jute and
Glass fiber reinforced polyester composite material based on different weight ratios. Experimental
results revealed that hybridization of composite with natural and synthetic fibers shows enhanced
tensile strength, flexural strength, and impact strength. The content of natural reinforcement was
found to be in the range of 25-33.3% for best results. The effect of treated jute on flexural properties
was more than tensile properties, which was due to greater stiffness of jute fibers. Chemical
treatment of jute fibers lowers the water absorption and results were comparable to glass fiber

reinforced polyester composites. addition of jute also reduced the overall cost by 22.18%.

(30) Md. Zahidul Islam et al. (2023). Studies on mechanical property characterization of hybrid
jute/hemp reinforced polyester composite material 30%, 50%, and 70% by volume and at 3% and
5% NaOH alkali treatment. From result shown the composite materials that underwent testing with
a 50 vol% fiber loading and 3% NaOH exhibited the maximum tensile strength (26.6 MPa), tensile
modulus (733.56 MPa), flexural strength (62.7 MPa).

(31) M. R. Hassan et al. (2016). The study investigates a hybrid composite material combining
hessian cloth (natural fiber) and glass fiber (synthetic fiber) in a polyester matrix using a hand lay-
up process. Results indicate promising tensile strength, flexural strength, and hardness in the natural-
synthetic fiber hybrid composites. The composite with three layers of glass fibers and two layers of
hessian cloth demonstrated the highest tensile and flexural strengths at 104.63 MPa and 134.65 MPa,
respectively. Higher hessian cloth content led to increased water absorption, while higher glass fiber
content resulted in greater hardness at 39.9 HV.

(32) M. Muthuvel et al. (2013). The study explores hybrid glass/natural fiber composites for
aerospace and naval applications, focusing on mechanical properties like tensile, impact, and

flexural strength. Hybrid design of woven glass and jute fiber mats led to a 20% cost reduction and
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23% weight saving compared to commercial solutions. Laminates, including varying glass layers,

were fabricated for testing, maintaining a total fiber weight ratio of 42% following ASTM.

(33) M. R. Sanjay and B. Yogesha (2016). Studies on the hybridization effect of jute/E-Glass fibers
reinforced Epoxy composite material on mechanical properties. The result of the test shows that
hybrid composite of jute/ E-glass fiber has far better tensile, flexural, impact, and inter laminar shear
strength properties than that of jute fiber composite. But it is found that hybrid composite has better

strength as compared to jute fiber composite fabricated separately with glass fiber.

(34) Muhammad Usman Ghani et al. (2022). Study the effect of stacking sequence on PBS-based
Glass-Jute hybrid composites on their Mechanical properties, electron microscopic images and
moisture absorption properties at ambient temperature. The TGA test was conducted to study their
thermal properties. experimental results showed that the stacking sequence of the fiber layers has a
significant effect on the overall performance of GJ hybrid composites. glass fiber layers on their

outer surfaces showed optimum mechanical, thermal, and water resistance properties.

(35) A Murdani, and U S Amrullah (2021). Studies the effect of fiber stacking sequence on flexural
behavior of Jute, glass, and carbon fibers reinforcement polyester composite material. The
composites were fabricated using vacuum bagging method cured at room temperature. The
combinations of fiber as the reinforcement are configured by arrange two and three types of fiber.
As a natural fiber, jute exists in all kind of combination. The result shows that stacking sequence of

the fibers give significant different flexural behavior regardless the effect of the fiber strength.

(36) Thais da Costa Dias et al. (2022). Study the effect of hybridization and stacking sequence on
the mechanical and physical properties of the glass/jute fiber reinforced polyester composite
laminates. The composites were characterized via C-scan analysis, density, volume fraction of
constituents and optical microscopy analyses. Result shows that the longitudinal properties were
higher than transverse properties for all laminates. The hybrids presented intermediate density and
mechanical properties compared to pure glass and pure jute laminates. In addition, the pure glass
and the hybrid laminates displayed acceptable failure morphology in the in-plane shear test, but not
the pure jute laminate.

(37) Mahammad Sharif B (2016). Investigates experimentally the impact of jute and carbon fiber
reinforced Epoxy bio-composite material on the tensile properties of the composites at different
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temperatures. Result shows that For FGE series at temperatures from 0 to 50°Cthe tensile strength
is seems to be stable, which indicates the mechanical behavior of GFRP composites remains almost
same this temperature range and after this range as temperature decreases tensile strength increases.
Again, at high temperatures above 100°C flexural strength reduces due to the change of state in the

polymer.

A lot of composite laminates due to impact were studied theoretically and experimentally. The
damage modes mostly found were delamination, matrix cracking & plastic indentation. The authors
showed that the damage area for low velocity impact is increased as the impact energies increase, &
through the impact duration the stiffness will decrease.

(38) Choi and Hong: used finite element method for their analysis with modified Hertzian contact
law to evaluate the impact load history, deflection, dynamic strain and compared favorably with the
experimental tests. They considered higher order shear deformation & large deflection effects.

(39) Ubels et.al: studied the impact damage of stiffened composite plate experimentally and showed
that with increasing impact load the transferred shear and delaminated sub laminates became the
ultimate failure mechanism.

Again, many scholars have done a lot of research on structural optimization design. Professor Gao
Yunkai uses DMTO method to optimize the thickness and layup direction of CFRP automobile
bonnet simultaneously, which reduce the weight of automobile bonnet by 51.1% (40). Ahad
Torkestani studies the influence of different materials (aluminum, steel, carbon fiber epoxy resin,
glass fiber epoxy resin) on head injury criterion (HIC). By optimizing the composite stacking
sequence, the HIC and the weight of automobile bonnet are reduced by 42.6% and 46.8%
respectively (41). Chen Lina of Hunan University adopts multi-objective topological optimization
design to deal with the design margin of the automobile bonnet.

The thickness of the components of the automobile bonnet is the variable, and the mass, modal and
head damage are the response values. An agent model is established to obtain the optimal plate
thickness combination (42). Lee et al. study the hierarchy optimization of composite materials. The
hierarchy optimization of composite materials has been carried out by using different optimization
techniques such as size optimization, shape optimization and topology optimization (43). Sha
Yundong et al, optimizes the laying scheme of composite axial structure to improve its bearing
capacity and critical buckling load (44). Ding Ling adopts step-by-step optimization method to carry

out optimization of laminate design on the full composite structure of unmanned aerial vehicle wing,
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so that the strength coefficient of wing composite structure increased to 0.98 from 1.45 after
optimization, the maximum deformation of wing decreased to 179.918 mm from 145.894 mm after
optimization, and the buckling load coefficient increased to 1.087 from 1.863 after optimization.
The stress distribution of the wing is more uniform and the utilization rate of the composite is
improved (45). As an important structural part of the autobody, the automobile bonnet has high
requirements on stiffness, vibration and strength. Therefore, the optimization design of the

automobile bonnet has always been the focus of the autobody lightweight.
2.7.  The Research Gap in Earlier findings

The extensive literature survey presented above reveals the following knowledge gap in the research
reported so far:

1. The jute fiber-based products has many low-end applications such as in housing, packing,
furniture and transportation, but its potential use in tribological application where synthetic fibers
are widely used is less.

2. Although a numerous research efforts have been devoted to the short and woven jute fiber-based
polymer composites, however the study on unidirectional nonwoven jute fiber composites is less.
3. Optimization process is also limited for most studies shown on the literature above.

4. Thermal analysis of the composite car bonnet is limited.
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CHAPTER THREE
3. MATERIAL AND METHODOLOGY

3.1. MATERIALS

Proper material selection is one and the most critical tasks for proper mechanical design. The

material used for this thesis work with their mechanical and Physical property are listed as follow.

3.1.1. Jute Fiber

Jute is a bast fiber whose scientific name is Corchorus capsularis of Tiliaceae family. Plant of jute
takes nearly 3 months to grow to a height of 12 - 15 feet (21). Jute plant is cut and kept immersed in
the water for Retting process during season to get long and pure Jute Fiber. Jute fiber is lower in

weight higher specific strength & stiffness, low cost, low density, nonabrasive, and biodegradable.

Figure 3:1 Jute Tree in Southern Part of Ethiopia in Sidamo

A) Physical Properties of Jute Fiber:

Density, fiber length, diameter, aspect ratio (length/diameter), cost, and availability of the natural
fibers are important to determine their compatibility in natural fiber reinforced polymer composites
(46). Jute fiber has lower density as compared with other natural fibers which is 1.2g/cm?® (47). Table
3:1 below shows some Physical and Chemical Properties of Jute fiber.

Table 3:1: Physical and Mechanical property of Some Natural & Synthetic Fibers (48) (49)

o ee i Density | Tensile strength | Elongation | Elastic modulus

(g/cmd) (MPa) (%) (GPa)
Kenaf 0.6-1.5 223-1191 1.6-4.3 11-60
Sisal 1.3-15 400-700 1.4-2.1 9-55
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Flax 1.3-1.6 340-1600 1.9-12 8.5-40
Hemp 1.1-1.6 285-1735 0.8-4 14.4-70
Banana 0.5-1.5 711-789 2.4-3.5 4-32.7
Jute 1.3-15 385-850 1.1-3.3 25-81
Cotton 15-1.6 200-800 2.1-12 5.5-15.1
Bamboo 1.2-15 500-575 1.9-3.2 27-40
Coir 1.15-1.6 131-593 14-40 3-7
Pineapple 1.56 150-1627 2.4 11-82
E-Glass 2.5-2.55 2000-3500 0.5-3 70-73
S-Glass 2.5 4570 2.8 86
Carbon 1.4-1.78 3400-4800 1.4-1.8 230-425

Figure 3:2 Extracted Fiber and Unidirectional Mat of Jute Fiber

3.1.2. Glass Fiber
Unidirectional E- type glass fiber relatively having High strength, low density, low cost, available,
Resistant to heat & Good chemical resistant (50).So for this project Unidirectional E- glass type is

selected because of the above advantages.
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Figure 3:3 Unidirectional E-type Glass Fiber mat
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Table 3:2 Physical Properties of Unidirectional E —type glass fiber (50)

Fiber Physical Properties Values
Density (g/cm3) 2.54
Diameter (um) 3-20
Tensile Strength (Mpa) 3400
Young’s Modulus (Gpa) 72
Elongation (%) 4.7
Relative Cost low

3.1.3. The Matrix
A. Epoxy Resin

Epoxies are thermoset polymers known for their excellent adhesive properties, high tensile and

compressive strength, chemical and thermal stability, excellent heat resistance. Epoxies are widely

applicable in automotive, aerospace, and construction industry. They are widely employed as

adhesives, coatings, and sealants. They are very effective at bonding unlike materials (metals,

woods, stone, plastics, etc.) and acting as gap-filling agents to enable bonding between poorly

conforming surfaces. Glycidyl epoxy is selected for this work because this resin is widely used in

the manufacturing of coatings, composite materials and electronics and is known for its excellent
mechanical properties. According to ASTM D1652, C613 & ASTM D3418 the Proportion and
Properties of Epoxy resin is represented in table given below
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Figure 3:4 Epoxy resin with its Hardener

Table 3:3 Physical and mechanical properties of epoxy resins (51) (52).

Properties Value
Appearance Color less
Flexural strength (MPa) 40-67
Density (g/m?3) 1.2-1.3
Viscosity at 25 <C (kg/m s) 0.25-0.75
Heat distortion temperature (°C) 50
Modulus of elasticity (MPa) 3100 to 3800
Tensile strength (MPa) 90to 120
Max percentage elongation (%) 4
Impact strength (kg/m2) 9

B. Hardener

The hardener is a highly viscous liquid that is mixed with resin in appropriate ratio during the
composite preparation process. Amines are the most commonly used curing agents for epoxy cure.
Primary and secondary amines are highly reactive with epoxy. The catalytic activity of the catalysts
affects the physical properties of the final cured polymer. It aids in the solidification and hardening
of the wet, smooth composite by initiating a chemical reaction without altering its own composition
with the resin. The ratio of Epoxy to hardener used for this project is 2:1 according to ASTM D1652,
ASTM D3418 and as recommended in various sources (51).

Table 3:4 Physical & Chemical Properties of the Hardener (52).

Parameter Value
Melting point 40-80°C
Boiling Point 200-300°C

Density at (20°C) 0.9-1.2 g/lcm?
Viscosity at (20°C) |20 Mpa
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3.1.4. Tools, machines and other necessary stuffs
The main tools which used for the project are Oven, manual stirrer, electronic balance, Roller, cutter,
wood plate, ruler, press load, cups, stirrer, Testing machine etc.
A. Electronic Balance: Uses for weighting Resin & Fibers to ensure their precise measurement.
B. Release wax: It uses in laminate to stop bonding of the molding material with the mold.

v ELECTRONIC BALANCE v CUTTER
v Release wax v" Cleaner

v" Hammer v Brush

v' Gloves v Caliper

v Roller V' Scissor

v" Cloth v' Meter etc....

Figure 3:5 Some Tools, Machines and necessary stuffs using for composite production
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3.2. METHODOLOGY

3.2.1. Materials Preparation

A) Jute Fiber: - Jute fiber was extracted manually and through Chemical extraction. To enhance Adhesion
(bond ability) between the cellulosic Jute fiber and the polymer matrix, it was treated with a 5%
NaOH solution (400 ml in water) at 50°C for one day, followed by washing with cold water and
applying force to extract the fibers (53).

B) Glass Fiber: - The fiber glass which was bought from ANA Fiber Plc at cost of 140birr/kg was
cut at proper size based on the mold dimensions (size) for sample production.

C) Matrix: - The Epoxy resin was bought from Addis Abeba resin supplier at a cost of 600 birr/liter,

was mixed with the hardener at the proper ratio of 2:1.

3.2.2. Mold Preparation

It is a rectangular shaped frame made up of either wood, sheet metal or plastic sheet used for
preparation of specimen. its approximate Size is 300x200 x4mm and consists of three parts called,
1. Rectangular side plate (frames): it is supporting part cutting up by the size and thickness of
specimen uses to maintain proper sample shape and size as needed without wasting of the resin.

2. Cavity: is the central & essential part of mold working area of specimen size with its allowance.

3. Base plate: is thick plate at the bottom to withstand the pressing load & resin from wasting.

Figure 3:6 Wood Plate Composite Mold
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3.2.3. Compositions of the Composite Material
In the design, manufacturing, and assessment of composite materials, it is essential to ascertain the
proportions of ingredients, like ratio of fibers to matrix, present. This is used for several reasons:

> To prepare and estimate the size of the composite laminate

> To get better laminate mechanical property by varying these values.

> To minimize wastage of composite constituents

The overall Properties of composite material is computed from the property value of each constituent

within the hybrid, multiplied by its corresponding weight or volume fraction in the mixture.

P, = PV, + P,V, (3:1)
when, P, = property of Composite to be investigated

P1 & P, = property of first and second system respectively

V1 & V2 = Volume Fraction of first and second system respectively
Therefore, to go through the rule-of-mixtures here are the steps to be followed.
Step-1: Weight & Weight Fraction (Ratio) of Fiber to Matrix
Depending on the pressing load available on the laboratory it is possible to estimate the amount of
fiber to resin in percent. the composite sample is assumed to contains 6 hybrid plies either Jute fiber
or Glass Fiber mat with an approximate average thickness (0.4mm) and average weight of single ply
measured using digital caliper and electronic balance respectively (54).
Wc = Ws + Wn, (3:2)

Where Wc is total weight of composite, Wr weight of fiber &Wrm weight of matrix.

Again, to calculate weight fraction of fiber Wi & weight fraction of matrix Wsm

(3:4)

But Wim + Wg =1
Step-2: Volume & Volume fraction of Fiber and matrix (VFiver, VMatrix)
Even though determination of volume and Volume fraction of fiber and matrix is not such quite

simple like weight ratio it can be calculated using the following formula
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V.= Vp+ sz‘:’—ff+‘:)’—z (3:5)

The total composite volume fraction (Vcr) must be unique i.e. Vet = Vit + Vme = 1

So, the volume fraction of fiber and volume fraction of matrix can be described as

— Wr*Pm .

— Win*ps .
me - Winxpg+ W expm (3-7)
Where: V¢ = total volume of composite, V¢, Vi = fiber & matrix volume, pr, pm = fiber & matrix
density, Vs, Vi = fiber & matrix volume fraction.

Table 3:5 Typical Fiber Volume Fraction Ranges Composite material (55)

Reinforcement Range of Fiber Volume Fraction (%)
Unidirectional 50-70
Non-Crimp 45-65
Woven, braided 35-55
Random mat 10-30

Step-3: Theoretical Density of the composite

When the fibers and matrix of a composite material are synthetic, their density can be provided by
the manufacturer. However, if they are natural, their density must be determined experimentally or
obtained from existing literature. For instance, the density of Epoxy resin has been reported as
1.25g/cm? in some journal (56). With this information, the theoretical density of the composite in

relation to weight fraction can be calculated using the following equations.

D, = % _ Wf+V|‘Zn+Wp _ %+%+t_f;}f’ (3:8)
Where pc is total density of composite, Wc = Ws + W, + Wp and V¢ = Vi+ Vi + Vp
Table 3:6 Weight and Weight Fraction of Fiber and Matrix of Hybrid Composite
Sam Symbol Weight of | Total Wt. of | Epoxy | Hardner | Total wt. of | Jute Glass
ples Fibers (g) | Matrix (g) | Wt. (g) | Wt. (g) Composite (g) | Wr (%) | W (%)
Si AL 137.2 108.32 72.21 36.11 245.52 55% -
Sz JGIIGJ 141.9 106.54 71.03 35.51 248.44 36.7% | 18.3%
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| Ss ‘ IGIGIG ‘ 145.4 ‘ 104.56 ‘ 69.71 ‘ 34.85 ‘ 249.96 ‘ 27.5% | 27.5%
Table 3:7 Volume and Volume Fraction of Fiber and Matrix of Hybrid Composite
Fiber Wgr | Matrix Volume of | Volume of
Samples Vrr (%) | Vim (%) Pe
(%) Wem (%) | Fiber Vg Matrix Vum
Si 55% 0.45 107.67 89.07 0.55 0.45 1.26
Sz 55% 0.45 113.46 89.07 0.56 0.44 1.32
Ss 55% 0.45 103.66 89.07 0.54 0.46 1.38

Step-4: Ply thickness:

The thickness of plies can be simply calculated from the Volume of the plies

of grams of mass of fibers (Kg) per density (Kg/m?) of the fibers.

v . w
Total volume (V1) = Ixbxt=<t =-L again Vr=—Z
lxb Pr
w
t=—L
lxbxpf

In terms of mass of fraction of fibers, the thickness can be expressed as
—w |y (1Y,
E=Wris Pf+pm( wy )]

3.2.4. Sample Preparation of Composite for mechanical Testing
A) Hand Layup Method:

. But volume is number

(3:9)

The hand lay-up technique is a straightforward and cost-effective method primarily used for

processing thermosetting polymer-based composites. Safety precautions, such as wearing gloves and

eye protection, are crucial due to the acidic and toxic nature of the chemical hardener, which includes

anhydrides (acids), amines, polyamides and dicyandiamide posing potential risks to the eyes and

skin. To prevent the polymer from adhering to the mold, a release gel is applied to the mold surface.

Thin plastic sheets, approximately 0.1 mm thick, are placed on the top and bottom of the mold plate

to ensure a smooth surface finish for the final product.
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The process involves cutting unidirectional Jute and glass fibers to fit the mold size and weighing
them. The liquid thermoset polymer Epoxy is gently mixed with the hardener (curing agent) in a
glass mixing cup to prevent melting during the exothermic reaction. The resulting mixture is poured
onto the mat already positioned in the mold and evenly spread using a roller. Subsequent layers of
mat are added, and excess air and polymer are removed by applying slight pressure with a roller.
This layering process is repeated until the desired laminate layers are achieved. Once the layers are
stacked, a covering plastic sheet is placed, and gel is sprayed on the inner surface of the top mold
plate. The mold is then closed, and a load of approximately 200N is applied and left for 24-48 hours,
depending on the specific polymers and hardener ratio. After curing at room temperature or a
specified temperature, the mold is opened, and the composite sample is removed and further
processed or cut into the required specimen size according to ASTM standards.

The hand lay-up method requires readily available tools and involves minimal infrastructure
investment compared to other methods. It is commonly used in the production of aircraft
components, automotive bodies, boat hulls, dashboards, decks, kitchen and office goods, among
others. It is essential to ensure the uniform distribution of the matrix throughout the fibers and a
strong bond between the fibers and matrix when producing laminate samples.

Roller Gel Coat

Fiber-2
Fiber-1

Figure 3:7 Hand layup method of Sample Preparation
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Produced Samples of Different Wt.% Specimens of Different Wt.%

Figure 3:8 Composite Laminate Sample Preparation process
B) Specimen Preparation
Specimen is a small piece with its Appropriate dimension taken from sample produced for test to
know mechanical properties like Tensile test, Compression test, Flexural test, Impact test and Water

absorption test according to ASTM and taking three per each weight ratio to estimate average value.

December 16, MATERIAL AND METHODOLOGY Page | 34




Characterization, Design and Analysis of Jute / Glass Fiber Reinforced Epoxy Composite

3.3. MECHANICAL PROPERTY CHARACTERIZATION OF THE COMPOSITE

The mechanical properties of any polymer composites depend on various factors such as

#+ Physical & Chemical properties of fiber

=+ Volume (Weight) fraction of Fiber

= Inter bonding between matrix and fibers

= Orientation and geometry of fibers
Generally, the mechanical properties of Uniformly oriented long fiber reinforced polymer such as
tensile, compression, Impact and flexural strength increased with increase in weight fraction of fiber.

3.3.1. Tensile Test of Specimen
Tensile testing in composite according to ASTM D3039-76 (57) is used to measure the longitudinal
force required to break a polymer composite specimen and the extent to which the specimen stretches
or elongates to that breaking point using Universal Testing Machine. Tensile tests produce a stress-
strain diagram, which is used to determine tensile modulus.

A) Specimen size: The most common specimen size for ASTM D3039 is a constant rectangular
cross section, 250 mm long 20 mm wide, and 4mm thickness.

B) Test procedure: Specimens were placed in the grips of a Universal Test Machine at a
specified grip separation and pulled until failure a speed of 5mm/min according to the machine

specification. finally, the results were recorded on the computer attached to the machine installed in

our campus @ civil department.

Figure 3:9 Universal Testing Machine and Specimen before Test
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The tensile strength, percentage elongation and tensile modulus of composite material were

calculated using equations below.

load at break

% thi
T thickness

Tensile strength =

elongation at rupture

% elongation =
% elo gatio initial gauge length

The slope of the curve defines Modulus of Elasticity. The modulus of elasticity (Young’s Modulus)

is the ratio of stress in Mpa to strain in millimeters per millimeter (mm./mm.)

AStress(Mpa)
AStrain(mm/mm) '

Modulus (Mpa) = To find the modulus by taking any two points on the modulus

line, & divide the differential between their stress values in Mpa to the strain differential in mm/mm.

3.3.2. Impact Test of the Specimen using ASTM D1822:
Impact test (58) is impact resistance of material which measures the amount of force needed to break
a specimen under a high-speed load introduced through a swinging pendulum.

A) Specimen Size: The Charpy impact test was carried out for the sample’s specimens with
dimensions of 100mm x 20mm X 4mm as shown in Figure 3:10 bellow.

B) Test Procedure After fixing of specimen pendulum is released and allowed to strike until
failure occurs. The machine pendulum energy engaged for the testing was 2 Joule with a speed of 2
m/s & having 25-kg weight mounted in material testing laboratory in our campus.

Finally, the Impact energy measured in joule was recorded from the apparatus.

O

Figure 3:10 Impact Testing Machine and Specimen before test

3.3.3. Flexural Test of Specimen based on ASTM D7264
According to ASTM D7264 (59) Flexural test of composite measures the force required to bend
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using rectangular cross section bar supported on a beam. for this test 3-point loading was applied.

A) Specimen size: Standard specimen thickness is 4 mm, width is 20 mm and length is 20%
longer than the support span (rectangular cross section of (150x20x4) mm?3). If the standard specimen
is not available, alternative specimen sizes may be used.

B) Test procedure: First of all, set or arrange the 2 bending beams or bar on their proper place
for three-point loading system. then specimen lies on a support span and the load is applied to the
center using loading nose until fail at a specified rate. data is displayed on the computer.

. The flexural stress in a three-point bending test is found out using the following formula

S (3:10)

~ 2bt2

When: g = stress
p = Applied Force
t = thickness
Il.  The flexural chord modulus of elasticity is the ratio (slope) of stress range and corresponding

strain Range and calculated using the following formula
P =22 (3:11)
Where: E = flexural chord modulus of elasticity (MPa)
Ao =difference in flexural stress between the two selected strain points (MPa)
Ag = difference between the two selected strain point
I11.  The data documented from the 3-point bend test above can be used to determine the inter-

laminar shear strength (SS) using Equation below,

ss =23

== (3:12)
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Figure 3:11 Flexural Testing machine and Specimen before testing

3.3.4. Compression Teste of Composites specimen using ASTM D 3410M

According to ASTM D 3410M (60) Compression strength test experiment involved in subjecting
specimen to axial compression loading using the UTM. The dimensional size of the specimen is
(100x20x4) mm. The samples were then placed between the compression anvils to commence
compression testing During testing, the maximum load attained was recorded by the UTM testing
system after the specimen failed. Laminate Compressive Strength (oc) is Calculated using the

following equation.

o, = =Tl (3:13)

A tw

when: oc = Compressive Strength
Fc = Compressive Load
w = width

t = thickness

Figure 3:12 Compression testing machine and Specimen before test

3.3.5. Water Absorption Test of the specimen According to ASTM D 570

Water absorption characteristic is another important and mandatory property for natural fiber
composites since they are applied in automotive, aerospace and marine applications. Moisture
Absorption of Composites is a gravimetric test method that change of moisture content by measuring
the total mass over time when exposed to a specified environment.

A) Specimen size: The specimen has a dimension of (60 x 30 x 4) mm?3 shown in Figure 3:13
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B) Test Procedure: First of all, the specimens must have dried via sun for at least 2days and then
allowed to cool until they reached room temperature. The dried spacemen weighed before and after
immersed using balance electro mass testing machine having a precession of 0.001 (g). This
procedure is repeated until there is no discernable increase in specimen weight for each sample

containing different weight fractions.

Figure 3:13 Specimen for Water Absorption Test of Different Weight Ratio

C) Immersion Time: It is a time recorded at which the composite’s specimen is soaked deep in to

distilled water which can be 72 hrs. The specimen removed from the water must wiped off

with a dry cloth and weighed.

% water absorption = % =100 (3:14)

When Wi is initial weight and Wr is final weight of the sample after immersion.
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3.3.6. Determination of density based on ASTM standards D792,
According to (61) Density of composite laminate sample can be determined experimentally using
Archimedes method with distilled water whose specific mass is known (0.998 g/cm?®). dimension of
the sample is 60 x 20 mm?. the apparatus used to determine density of Laminated composite are:
A. Analytical Balance: to measure sample’s weights having precision of 0.0001g.
B. Sample Holder: a wire to hold the sample when immersing into the water
C. Immersion Vessel: A beaker for holding the water and immersed specimen.
D. Thermometer: A thermometer used to measure the water temperature.
A) Test Procedure: According to Archimedes principle when an object is immersed in a liquid the
apparent loss in its weight is equal to the up push and this is equal to the weight of the liquid
displaced. Steps to calculate the arithmetic average of the density are.

Figure 3:14 Density Determination of the composite using Archimedes method

First dry the specimens on oven and Measure in air to find mass in Kg.
Measure and record the water temperature.

Suspend the specimen using wire about 20-30 mm above the vessel support.

P W np e

Determine the mass of the suspended specimen to the required precision. Record this
apparent mass as of the mass of the specimen and the partially immersed wire in liquid.

5. Weigh the sample holder in water with immersion to the same depth as used in previous step.
Then the actual (measured) density of the composite is obtained using equation 3:14 bellow (62).

PwWa

I (3:15)

T Wa—Wy—Wh
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when pa is the actual density of composite, pw is the density of distilled water, W, is weight of sample
in air, Wy is weight of the sample in water and Wh is weight of the sample holder wire in water.
Again, the theoretical density of composite materials (pt) in terms of weight fraction can easily be

obtained using the following equation 3:15 bellow (63).
_ 1
Pt =wg Wy Wm
PG  P] Pm

(3:16)

where W;, WE, and W are weight ratio and py, pc, and pm are densities of Jute, Glass, fiber, and
Matrix respectively.

Void content of a composite may significantly affect its mechanical properties & quality of
composites. i.e. higher void contents usually mean lower fatigue resistance, greater susceptibility to
water penetration and weathering, and increased variation in strength properties. According to
ASTM D2734 void percentage of composite is given by (64).

V. =100 (222) (3:17)

Pt

3.4. MACRO MECHANIC-LAMINATE DESIGN (CLT)

The classical lamination theory (CLT) is utilized to determine the stresses and strains at any position
of laminates subjected to force and/or moment resultants.
Assumptions used in classical lamination theory are

v Each lamina is homogeneous & orthotropic bonded together

v Displacements < thickness(t) & (t) is much < than lengths of the plate
v’ Transverse and shear strains (yx; and yy) are negligible
v

The transverse normal strain (g;) is negligible

3.4.1. Hooke’s Law for a 2D Orthotropic Unidirectional & Angle Lamina
A) For Orthotropic (Orthogonally Anisotropic)
An Orthotropic is when a material has three mutually perpendicular planes of material symmetry

arranged in a rectangular array and whose stiffness matrix is given by

{0} =[Q] {&}
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o1 Q Qp Q3 0 0 0 1y,

o)) Q Qyp Qy 0 0 0 [lex

o3| _ Q1 Qp Q3 0 0 0 ffess .
™| [0 0 0 Q, 0 0 [v; (3:18)

mlofo 000 Qg 0t
2o 0 0 0 0 Qe

B) For Unidirectional along 1-2 coordinate system
A unidirectional lamina falls under the orthotropic material category. If the lamina is thin and does

not carry any out-of-plane loads, one it can be assumed as plane stress conditions for the lamina.

Ty
ﬁ 'y
[ g Ty
- /f/{‘:.
ij" *
;

Figure 3:15 Local and global axis of an angle lamina

Therefore, taking the above Equations (3:17) and assuming, 033 = 0, 723=0, 713 = 0 and y,3 =
¥31 = 0 then the Hooke’s law reduced to the following equation of stress—strain relationship
stiffness matrix in the 1-2 coordinate system

011 Qi1 Qiz 0711
[0-22] = Q12 sz 0 ] [822] (3:19)
T12

0 0 Q66 V12
Where: Q;; are the reduced stiffness coefficients and whose values are given as follow

2
Q= Eyn E1q
11— -
1-v21v12 E11— Ez%py,°
Q= Vi2B22 _ _ EiE22Vi2 (3:20)
1-v21v12 E11— Egp#p,2
_ Ey _ E11E3,
QZZ - -

1-v31V12 E11— Ezp%p,,° L . . .
Qg6 =G1, When Ei, E> are the modulus of elasticity in the fiber (1), transverse (2) direction

respectively, v is the Poisson’s ratio, 1 is shear stress, G is the shear modulus, which is a function of

the two elastic constants G =

andt = — (65). Again, the Poisson’s ratio of the laminate is
2(1+v) 2w
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Lateral(3-4 times< axial)

the ratio of

(66) which is the slope obtained by plotting lateral strain against

Axial

axial strain. But since the Straino meter of the universal testing machine is not working it is
calculated in the fiber direction using ROM (67) (V = V#Vi+ VimVm).

By Inverting the above Equation (3:18) to get the compliance matrix as
1

= _hz
€11 E1n f“ } 011
— |-z 2 .
[622] - | E1q Ez2 0 |[322] (321)
12
Lo o g
G12

C) For Angled Unidirectional along x-y coordinate system

Generally, a laminate does not consist only unidirectional laminae because of their low stiffness and
strength properties in the transverse direction. Therefore, some laminae are placed at an angle. the
coordinate system shown in Figure 3:15. along 1-2 is called local axis (material axis) whose direction
-1 is parallel to the fibers called longitudinal direction L and direction -2 is perpendicular to the
fibers called the transverse direction T. The axis in the x—y coordinate system is called the global
axis or the off-axis. The angle between the two axis is denoted by an angle 6.

The global and local stresses in an angle lamina are related to each other through the angle of the
lamina 0 as follow.

Ox 0y c?> S? —2CS ] [Qu1 Q12 0 J[énn

[Uy Gz] = [52 Cc? 25C ] [le Q2 O ] [Szz] (3:22)

Txy T12 SC —-SC (C?%-s2 0 0 Qeel L7122

= 1]

cz s2 2CS
where [T] is called transformation matrix =| s2 ¢2 —2SC |, C=cos (0) and S = sin (0)
-SC SC (C?-§?

The global and local strains can be also related through the transformation matrix and rewritten as

€11 Ex
&2|=[R][T] [R]™? gy] (3:23)
V12 ny

1 0 O
where [R] is the Reuter matrix 3x3 and is defined as [R] = [0 1 0]

Then, substituting Equation (3:24) in Equation (3:25) gives
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Oy Ex Q11 g12 (216 Ex
oy | = [T]7* [Q] [R] [T] [R]7* ] = 912 922 926 [83’] (3:26)
Py Vey Q16 Q26 Qosl Yo

Where Qi]- are called the elements of the transformed reduced stiffness matrix and are given by

Q11 = Q11 C*+ Qy S*+ (Q12 + 2Q4¢) S%C?

Q12 = (Qu1 + Q22 — 4Qs6) S? C* + Q12(C* + 5%)

616 = (Q11 — Q12 — 2Qs6) C3S — 2(Q22 — Q12 — 2Q%6) S3C

Q22 = Q11 S* + Q2 C* + 2(Q12 + 2Qq6) S C?

Q26 =(Q11 — Q12 — 2Q66)CS — (Q22 — Q12 — 2Q%6) c3s

666 = (Q11 *+ Q22 — 2Q12 — 2Q%6) S?C*+ Qo6 ( C*+ 52)

For finding the engineering Moduli of elasticity (Ex, Ey), in-plane shear modulus of elasticity (Gxy)
and Poisson's ratio (vxy) of an Angle Lamina.

1) Modulus of elasticity in direction “X” (Ex) when o, = T4y, = 0 but o, # 0

_o_ 1 _ . .
E, = er  Si1 E_LC‘L"[ 1 2V12]52 241 (3:27)

Gi12 E11 E22

I1) Modulus of elasticity in direction “Y” (Ey) when oy, = 1, = 0 but oy, # 0

Ey = :_3}: - glz - E—LS‘H[Gi2 2;’1112] 52 CZ+E; c* (3:28)
I11) Shear Moduli of elasticity t,, along X, Y direction when o, =0, =0 & 1, # 0
by = é - —( Ch+ S4)+2[_1+E+4;1112] 52 (2 (3:29)
IV)  Poisons Ratio v,y along X, Y direction
y = E 2 (CH 4 % = |+ - ] s2¢? (3:30)

3.4.2. Stress—Strain Relations of Laminate
A laminate is made of a group of single Plies bonded to each other. These relationships are developed
for loads such as shear and axial forces, bending and twisting moments. coordinate system used in

CLT is shown in Figure 3:16 bellow.
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Figure 3:16 stress resultants of laminated plate along (x,y) & (L,T) Coordinate
knowing the strains at any point along the thickness of the laminate, the stress— strain equation in

the global stresses in each single lamina is:

Oy Q11 Q12 Qi6 [ &x ky ]
[Gy] =1Q12 Q2 Q2 839 +Z|ky (3:31)
Txy 616 QZ6 Qes [ y)?y kxy j
€x £r Ky
When [53/ ‘ = [83 + Z | ky | is laminate strains, “Z” is distance from centroidal line and, Kx, Ky
ny Va?y kxy

and Kyy are mid-plane curvatures.

3.4.3. Force and Moment Resultants Related to Midplane Strains and Curvatures

The mid-plane strains and plate curvatures are the unknowns for finding the lamina strains and
stresses. The stresses in each lamina can be combined through the laminate thickness to give
resultant forces and moments. The forces and moments applied to a laminate will be known, so the
mid-plane strains and plate curvatures can then be found. This relationship between the applied loads

and the mid-plane strains and curvatures is developed.

I ]
hn &

hy h/2
Y
h,
- h
+ ,."di:d-plu:ne

hi by, k-1 L

k1 hi2

| B =

ny

December 16, MATERIAL AND METHODOLOGY Page | 45




Characterization, Design and Analysis of Jute / Glass Fiber Reinforced Epoxy Composite

Figure 3:17 Coordinate locations of n plies in a laminate.
Consider a laminate made of n plies shown in Figure 3:17 above. Each ply has a thickness of tx. Then
the thickness of the laminate his: h = Y.}}_; (i)

The resultant forces and moments can be written in terms of the mid-plane strains and curvatures:

[ Ny ] (A1 A1z Aig By Bip Big) | &
y A1z Ayy Aze Biz By Byg| | &y
Ny _ A1e Az Ass Bis B2e Bes )’;?y (3:32)

M, Biy Biz Big D1y Dz Dig || k '
M, By, By B D1z Dap Dog| | k
k

<

LM xy -Bl6 BZG BZG D16 D26 D66-

Whenever Nx, & Ny, Nxy, Mx & My, Myy are (normal force, shear force, bending moments & twisting

moments) per unit length respectively. in short form it can be written
[l =[5 1] outifinvertea, 5] =[5 5] (i) when [57 5] =[5 5] ana 1= 11

The Extensional Stiffness (A;;), Coupling Stiffness (Bj;) and Bending Stiffness (Dj;) are given by

n [
Ajj = zkzl[Qij]k(hk —hy—4) i=126...andj =126 (3:33)
n
1 = . .
Bij = gzk=1[Qij]k(h,€ —h2_)),i=126...and j = 1,2,6 (3:34)
n
Dy = Zkzl[Qij]k(h,?; —hi_y),i=126..andj =126 (3:35)

The extensional stiffness matrix [A] relates resultant in-plane forces to in-plane strains, the coupling
stiffness matrix [B] couples the force & moment terms to midplane strains & midplane curvatures,
the bending stiffness matrix [D] relates the resultant bending moments to the plate curvatures.

Generally, the stress-strain relationship for K™ layer laminate composite along (x, y) and along the

transformed Longitudinal and Transversal (L, T) axis shown from fig. 3:14 above is given by:

F0x 1% Qi1 Q12 Q6 &x 1k e ¥ €y ky

Oy | =012 0 0 Sy] when [Sy] =& |+ 7| ky |is strain (3:36)
32 Qs Q26 Qesly Vay Vay Yy Kxy

[0y ¢ Qi Qiz Qe Ex ¢

Oy = [Tk |Qiz Q22 Qs [83’ & [g]l((LT) = [T]k[‘g]’({xy) is Strain (3:37)
) Qis Q26 Qeel,, Vey
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3.4.4. In-Plane & Flexural Modulus of Symmetric Laminate

A laminate is called symmetric if the material, angle, and thickness of plies are the same above and
below the midplane (Z=0). For a symmetric laminate, [B] = 0, A1s =A2 = 0 and it can be shown that
[A*] = [A] and [D*] = [D] . Then, Equation 3:33 can be decoupled to give

[Ny | Ay Az Al | & | 3 (A1, Al Alg| [N
Ny | = A, Az Ags| |8y |or|ey | =]41, A5y Asg| [Ny (3:38)
Ney| e Aze Asel |y0,] v |A1e A26 Ase [Ny
[ M, | D1y Di; Digl[kx] [kx] [Di1 Diz Dig|[Mx]
My | =D Dy Dys||Ry|or|ky|=|Di2 D3, Dig||My
_MXJ/_ Dis Dz Des kxy_ _kxy_ _Dfs Dgé Dg6_ _Mxy_

This shows that the force and moment terms are uncoupled. Thus, if a laminate is subjected only to
forces, it will have zero midplane curvatures. Similarly, if it is subjected only to moments, it will

have zero midplane strains. the uncoupling between extension and bending in symmetric laminates
makes analyzing such laminates simpler.

A) in-plane longitudinal modulus Ex for Appling load Nx # 0, Ny =0, Nxy =0 is Ex = !

hA%,
B) in-plane transverse modulus, Ey for Appling load Nx =0, Ny # 0, Nxy =0 is Ey = h:*
22
C) in-plane shear modulus Gxy for Appling load Nx =0, Ny =0, Nxy # 0 is Gxy = ﬁ
66

: . . . A}
D) The effective Poisson’s ratio, vxy, is then defined as: vxy = — A:Z
11

Also, for a symmetric laminate, the coupling matrix [B] = 0; then, from Equation (3.39),
kx Dfl DIZ DI6 Mx
ky =|Diz D3, D3 My

kxy|l [Dis Dzs Des| [Mxy

(3:39)

Using bending compliance matrix [D*] to define effective flexural moduli first Apply Mx # 0, My =

0, Myy = 0 and then substitute in Equation (3:40) the effective flexural longitudinal modulus, flexural
transversal elastic moduli, shear moduli and poisons ratio will be:

_ 12 _ 12 _ 12 _ _Di .
EX, = —— Ey,—h3D§2 , ny_h3D26 and vxy = Dt respectively.

"~ h3D3,
» Assume the laminate bonnet plate have 6plies having symmetrical and unidirectional orientation.
The plate is subjected to impact load.
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“ho Jute
Glass '
1[1 T Tute Mid -Plane
hk_ Y Jute h
Glass 2
i Jute

Figure 3:18: Laminate of the composite Plate plies via mid plane

3.4.5. Failure Analysis of Laminate
Material failures occur when component is subjected to higher stresses & strain values beyond, they
can handle. It includes fracture (breakage into several parts), buckling, and matrix cracking.
So, a laminate will fail under increasing mechanical and thermal loads until all the plies fail.
Laminate failure is not catastrophic. If one ply fails the other ply in the laminate is still capable of
taking more loads until all the plies fail.

A) Tsai-WU Failure Theory
Tsai-Wu result is more accurate and agree with the experimental values, because it does distinguish
between the tensile and compressive strengths and shows as if it exists a failure surface in the stress-
space (68). again, Tsai—Wu failure criterion used to predict the first-ply failure load.
For orthotropic lamina in a general state of plane stress for Tsai-Wu failure theory is given by
Fio, + Fy0, + F1102 + F130002 + Fyy02 + Feet2 > 1 (3:40)

where F; = Xit— xic & F, = Yit — Yic are coefficient for longitudinal strength F,; = i &F,, =

1

are coefficient for transversal strength, Fgq = tiz coefficient for shear & Fi. is determined

clt

experimentally. But if no experimental value, Tsai-Wu recommends using: F;, = —% F11F2;

Magnitude of Fi12 is constrained by inequality called the stability criterioni.e. F;;F,, — FZ, > 0.
When
Xt = Allowable tensile stress or strain in longitudinal direction.
Xc = Allowable compression stress or strain in longitudinal direction.
Yt = Allowable tensile stress or strain in transverse direction.

Y. = Allowable compression stress or strain in transverse direction.
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1= Allowable stress in shear (+ve or -ve shear has the same allowable).

B) Steps for laminate Failures
The procedure followed in this paper for finding the first ply and last ply failure load following the
fully ply discounted method is.
. Enter the basic lamina properties E1, E2, G12 and V2.
. Compute the reduced ply stiffness [Q] referred to their local axis (principal material axis)
. Enter the orientation Ok, number of layers n, through the thickness coordinate z.
. Find reduced transformed stiffness matrix [Q]xy for each ply of coordinate (x, y) using [Q].
. Knowing thickness, tk of each ply, find the coordinate of top & bottom surface hi wheni=1... n.

. Calculate the laminate stiffness matrices [A], [B], [D] and their compliance matrices.

~N OO o AW ON

. Enter the mechanical loading, [N]xy, [M]xy.

8. Calculate the mid plane strain €%, and curvature [K]xy using laminate analysis above.

9. Calculate the layer strain [£]%, and stress [o]¥, with reference to the local axis (1, 2) (Longitudinal
and Transversal) axis in each layer under the given load.

10. Enter the five-lamina strength & using a appropriate failure theory to find out the strength ratio
(safety factor) of each of the lamina. Then the minimum SR is the desired one of the laminates.

11. Multiply the minimum strength ratio to the applied load to get the load level of the failure of the
first ply. This load is called the First Ply Failure load (FPF).

12. Calculate the laminate strength by applying unit stress in the respective direction.

13. Degrade fully the stiffness of damaged plies. Apply the actual load level of previous failure.
14. Go to step 10 to find the strength ratio (SR) in the undamaged plies. If the SR>1, multiply the
SR to the applied load to get the load level of the next ply failure and go to next step

15. If SR< 1, Stiffness & Strength properties of all damaged plies reduce & go back to step 13.

16. Repeat the preceding steps until all plies in the laminate have failed. The load at which all the

plies in the laminate have failed is called the last ply failure.

3.4.6. Plate Bending

Palte is a flat structure mostly subjected to in-plane loading, transverse loads (loads normal to its
mid-surface). transverse loads supported by combined bending and shear action.

The bonnet of the car is assumed as plate subjected to concentrated load. Due to this load plate

design was considering the maximum deflection occurred in the plate surface. This maximum
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deflection can be determine using analytical modeling and finite element method software package
(Altair Hyper work/opt 2019). For this study the bonnet plate boundary condition was constrained
along the edges of the bonnet and subjected to concentrated load q (X, y) see Figure 3:19.

q (x, y)

A 17
Figure 3:19 Completely clamped rectangular plate subjected to a distributed load
Bending of completely constrained plates as shown in Figure 8.12 is traditionally addressed by using
the Ritz method, which is an approximate method known to yield acceptable results (69)
The Ritz method is based on the minimization of potential energy, and is the simplest method for
solving plate and shell deflections using hand calculations.

Therefore, the deflection is given as:

. X . Y.
16% 2 Z sm(Zm—l);sm(Zn—l)T
m=14&m=1|(2m-1)(2n-1)Dzm-1,2n-1

Wo(xJ’) -

When:

(3:41)

Dymer2n-1 = D11 (2m — 1)* + 2(Dy, + 2Dge)((2m — 1)(2n — 1)R)” + Dy ((2n — DR)*  (3:42)

where R = a/b
The maximum deflection occurs at the center of the orthotropic plates (x = a/2, y = b/2) and is
W,(x,y) = 16"—0“ (3:43)
Where:

_ ( 1)m+n -2 .
@ = Ym=12n=1 (2m-1)(2n-1)Dzm—1,2n— 1] (3:44)

The maximum deflection occurs at the center of the isotropic rectangular plates (x = a/2, y = b/2)
and is:

0.00342qya*
D(14+0.571R2+R*%)

Wo(a/2,b/2)

(3:45)

max
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CHAPTER FOUR
4. DESIGN AND ANALYSIS OF THE BONNET

4.1. DESIGN OF THE CAR BONNET
Designing a jute and glass fiber-reinforced Epoxy Composite bonnet (hood) involves considering
several key parameters, specifications, and design considerations to ensure optimal performance,

durability, and safety. Here’s a detailed breakdown:

4.1.1. Design Parameters:
1. Material Selection:
v"Unidirectional Jute and Glass Fibers Reinforced Epoxy Composite laminate.
2. Composite Layup:

v Different stacking sequence and orientation of jute and glass fibers is applied to
optimize strength, stiffness, and weight of the car bonnet.

v" Consider hybrid layup designs to leverage the strengths of both fibers (e.g., using jute
for impact absorption and glass for structural integrity).

3. Shape and Geometry:

v' The Shape of the bonnet is Double Curvature Profile, i.e. it is curved both
horizontally and vertically in the front which enhances aerodynamics efficiency,
structural rigidity and gives aesthetics.

Standard dimensions for the bonnet (hood) of a Lamborghini can vary slightly depending on the
model and design specifications. But for this work Lamborghini Urus 2019 car model is selected
because it is known for its low-slung and preferences styling, which influences the dimensions of
the bonnet. So, the geometrical dimensions of typical Lamborghini models bonnet are (70):

1. Length (Front to Rear): Around 1.8 to 2.0 meters (198 cm).

2. Width (Side to Side): Typically, between 1.2 to 1.5 meters (145 cm).

3. Height (Top to Bottom): Usually around 0.5 to 0.7 meters (55 cm).

4. Weight: Carbon Fiber Bonnet (7-10 Kg), Steel Bonnet (15-30Kg) but for urus the steel

bonnet is 18Kg.
5. Thickness: Carbon Fiber Bonnets (2 - 4 mm), Steel Bonnet (0.6 — 1.2 mm).
4. Load Conditions:
v The Load to the bonnet is Impact Load or aerodynamic forces.
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4.1.2. Design Specifications:
1. Mechanical Properties:
> Strength: The material has good mechanical properties. Glass fibers provide high
tensile strength, while jute fibers can enhance impact resistance.
> Stiffness: It is stiff having higher Modulus of Elasticity (Young’s modulus).
> Weight: Compared to conventional metal (Al, steel) bonnets, composites can
significantly reduce weight, improving vehicle performance and fuel efficiency.
2. Dimensional Accuracy:
» The Dimension of the bonnet is accurate that ensures precision and fitment to maintain
structural integrity and aesthetic alignment with the vehicle.
3. Surface Finish:
> It has good surface finish to meet aesthetic standards and minimize post-processing.
4. Environmental Considerations:
» The composite bonnet is expected to resist environmental factors such as UV exposure,

moisture absorption, and temperature variations.

4.1.3. Design Considerations:
1. Safety Standards:
+ According Automotive safety regulations and standards the bonnet ensures the main
body like engine parts against crashworthiness and fire resistance.
2. Manufacturability:
+ Consider ease of fabrication, assembly, and integration into the Lamborghini
manufacturing process.
3. Aesthetic Integration:
+ Ensure the bonnet design aligns with Lamborghini’s brand identity and enhances the
vehicle’s overall visual appeal.
Addressing all these design parameters, specifications, and considerations, it is possible to develop
a jute and glass fiber-reinforced epoxy composite car bonnet that not only meets performance
requirements but also aligns with aesthetic, cost, and environmental goals. This holistic approach

ensures a balanced design that enhances both form and function in automotive engineering.
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4.1.4. Design Calculation:
I: Calculate the loads like Impact and Moment

Having Child head form mass of impactor mim, initial Speed uim, time of collision ‘t’ etc. then

E

Impact Load (strength), I = K K is aspect ratio = 0.5 for Glass & most natural fibers

Impact (KE) Energy, E = % myu?,
The bending moment of a plate subjected to a concentrated load ‘P’ at a distance ‘d’ can be calculated

using the equation for bending moment:

M=Pxd=20
Y

I1: Select Double-Curved shape and calculate Thickness of the Composite Plate
The Cross Section for bonnet plate is almost flat with moment of inertia | = bt3/12 and Y= t/2. Since
the composite is wanted to replace the strength of conventional materials (steel) then the momentum

for steel and composite bonnet is assumed to be same.

as (1)

The bending moment equation of Steel bonnet plate is M =

*
b o "

Figure 4:1 2D and 3D Cross Sections of car Bonnet Plate

Osteel (I) _ 460Mpa (2.08x 10~8m*)
Y .012m/2

M= = 160.08Nm

Thickness of the composite bonnet can be determined from bending moment of steel equation.

M o bxt3 t
—= 2™ \whenl=2Z—and Y ==
1 Y 12 2
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= [ 6M ]= (4:1)

b*acomp

= /[w] = 3.97 = 4 mm is the total thickness of Composite laminate.
1.45%¥209Mpa

Therefore, since the average thickness single ply of jute & E-glass is 0.4mm, then around 10 layers
(JGIGJIGJIGIG) are required for fabricating composite bonnet plate.

I11: Check Stress and deflection at a given load

Assume Simply Clamped Rectangular Plate Subjected to Concentrated Load ‘P’ at Center over a
small area of radius ‘e’. then the stress and deflection at the concentrated point is given by.

1. Stress equation at the concentrated area

1.5P 2b .
m—ﬁ[(li‘l))lﬂ;‘l‘l—l(z] (42)
2. Deflection due to ‘P’ at the concentrated area:

Maximum deflection of the designed pate is checked at the given concentrated loads & must be less

than the Maximum allowable deflection.

A,=K Pra> (4:3)

1 g3

Maximum allowable total deflections due to different construction are.

Type Plastered floor Un plastered floor “Un plastered roof

construction construction construction
Amax L/360 L/240 L/180
Assuming plastered floor construction, Amax = L/360.
Therefore, Am < Amax - OK!
Table 4:1 Major Length to Minor Length ratio of the car bonnet plate
b/a
1 11 1.2 14 1.6 1.8 2 3 00
K1 0.127 |0.138 |0.148 |0.162 |0.171 |0.177 |0.180 |0.185 |0.185
Ko 0564 |0.445 |0.349 |0.211 |0.124 |0.072 |0.041 |0.003 |0.000
when:

a, b = minor (width) & Major length of rectangular plate, (m)
P = Concentrated load, (N)
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v = Poisson's ratio

E = Young's modulus, (N/m?)

t = plate thickness, (m)

e = Radius of area with force applied
om = maximum stress, (N/m?)

Am = maximum deflection, (m)
4.2.  Finite Element Analysis of the Car Bonnet

4.2.1. Impact Analysis of the Composite bonnet Using Altair-Hyper Mesh

Altair Hyper Mesh is a high-performance finite element pre-processor software used for meshing
and pre-processing of complex models in industries like automotive, aerospace, and marine
engineering. It allows engineers or analysts to create finite element models for structural, thermal,
and fluid analysis. Hyper Mesh is known for its powerful meshing capabilities, geometry editing

tools, and solver interfaces that help streamline the simulation process.

A) CAD Model of the Bonnet with the Head form Impactor:

Three-Dimensional Modeling is a geometrical representation of the real object having full
information of its volume, density, mass and inertia. the 3D modelling of the Bonnet was done using
Solid work 2023 modeling software by taking the actual data from a selected type of vehicle. the file

was saved in IGES form to import into Altair Hyper Work for further analysis purpose

Figure 4:23D view of Car bonnet (A) and Head like Impactor (B)

B) Steps for Impact Analysis of the Car Bonnet
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Import geometry

Mesh the geometry:

Creating Material:

Creating Ply:

Laminate generation:

Defining Property:

Apply Loads and BC’s (Constraints): 4.8 kg impactor @ low speed of 35Km/h
Create Set for each Component, Rbody and Load collector.

© 0 N o g bk~ w D PE

Create Group or Connect Load Collector with Set
10. Create Engine File Assistant
11. Analysis (Run) and record the Output file

4.2.2. Design optimization of the Composite bonnet laminate structure
Optimization process is a process of achieving maximized objective at a given variables under a
constrained parameter. Opti Struct software has a comprehensive optimization technology of size,
shape and Shuffle optimization. it is possible to automatically generate the appropriate laminate
shape and initial thickness distribution of the fiber reinforcement according to the structure and force
of the component. Steps for Design optimization process is listed below:

1. Analysis Type: Static, Dynamic,

2. Optimization Type: Sizing, Shape, Stacking Sequence.

3. Design Variables: No of plies and Ply orientation are variables.

4. Design Constraints: Strength ratio is the limits on the Design response.

5. Design Objective: Minimize weight, thickness and Strength.
The main objective of this analysis is to minimize the weight of the bonnet undergo minimizes cost
at its maximum impact performances and stiffness. The weight of the bonnet depends on its
thickness. according to the structural performance requirements, the ply angle of orientation and
play thickness are optimized to obtain a final structural optimization design.

A. Size Optimization
Optimization used to get the best thickness for each ply-bundle considering manufacturing
constraints.
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Objective Function: Is as a function needed to be optimized by minimizing or maximizing the
design variables. main goal of this study is to optimize (minimize) weight under the constraint of

Tsai-Wu failure criteria and variable of ply thickness. mathematically expressed in equation (4:4);

) = ) (piAit) (4:4)
i=1

Where; f(w) is minimizing weight and u is design variable of Jute and glass fiber thickness.

First import model solver Deck in new Hyper mesh session created from free sized model (model
name optimization sizing.3.fem). for each ply there is a size design variable created in the design
variable section. rename the ‘DesBoard’ to ‘DesSize’. specify a manufacturing thickness value
(TMANUF). TMANUF defines the thickness of one manufacturable ply. This parameter is used
during sizing optimization to automatically create discrete design variables such that the thickness
of the ply bundle is equal to a multiple of TMANUF. Finally run and see the result.

B. Stacking Sequence Optimization

In this phase, an optimal shuffling sequence is generated for the loads and BCs applied, that is which
ply should go where in the laminate. Import the model name_size_shuffling.fem file in a new Hyper
Mesh session. In the laminate it may found couple of plies missing this is because of their

contribution for the laminate is not required.

4.2.3. Thermal analysis of the Composite Car bonnet

Thermal analysis of a car bonnet plate is essential for ensuring the overall performance, reliability,
safety, and regulatory compliance of the vehicle. It allows engineers to optimize design choices,
select appropriate materials, and prevent potential thermal-related failures during both normal
operation and extreme conditions. So, the thermal analysis design calculation of a car bonnet plate
is crucial for several reasons:

1. Material Selection and Optimization: Thermal analysis helps in selecting the most suitable
material that can withstand the expected thermal loads without deforming, melting, or
undergoing other undesirable changes.

2. Performance and Reliability: The bonnet plate is exposed to various thermal loads during
vehicle operation, including solar radiation, engine heat, and ambient temperature fluctuations.
Analyzing these thermal loads ensures that the bonnet plate can maintain its structural integrity

and functional performance over its lifespan.
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3. Preventing Thermal Stress and Failure: Excessive heat can cause thermal stress in
materials, leading to fatigue, cracking, or even catastrophic failure over time. Thermal analysis

helps in identifying potential of a material to thermal stress.

I. Input Parameter for the bonnet:

+ Material Properties: material of the car bonnet plate is Jute/glass fiber reinforced epoxy
composites with its Thermal Conductivity (k), Specific Heat Capacity (c) and Density (p).

+ Engine Heat: Consider the heat radiated from the Diesel engine, typically produce more heat
than gasoline engines due to their higher thermal efficiency. Typically, during normal operating
conditions, the temperature rise on the bonnet due to engine can range from approximately 50°C to
150°C above ambient temperature (71).
4.2.3.1. Mathematical model of heat transfer for the bonnet
Conductive Heat Transfer: Use Fourier's law of heat conduction to calculate the steady-state

temperature distribution across the bonnet plate:

;—X (k Z—D = pc Z—: integrating both sides it gives a heat flux Q,
d
Q=k= (4:5)

Where: T is temperature, t is time, k is thermal conductivity, p is density & c is specific heat capacity.

4.2.3.2. Radiative Heat Transfer:
Calculate the radiative heat transfer using the Stefan-Boltzmann law:

Q = deA(T* — Tipient) (4:6)

Where:
e Q isthe radiative heat transfer rate
e e isthe emissivity of the bonnet plate surface
e ¢ is the Stefan-Boltzmann constant
e Alis the surface area of the bonnet plate exposed to radiation
e T isthe temperature of the bonnet plate

e Tambient IS the ambient temperature
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4.2.3.3.  Transient Thermal Analysis

Consider transient effects if the temperature changes rapidly due to sudden environmental changes
or engine operations. Use the heat diffusion equation:

pct =V« (kVT) +Q 4:7)
4.2.3.4.  Simulation Analysis

Finite Element Analysis (FEA) in ANSY'S is used to see the temperature distribution analysis on the
car bonnet based on the actual vehicle structure and size, the model of the vehicle hood location
designed and drawn is shown in figure below. The main Input Parameters (structural or material)
parameters and specification of the model are as follow.

A) Material: the material is Jute/Glass Fiber Reinforced Epoxy with its structural parameters of the
bonnet are Length = 180(cm) and width = 120(cm) from the existing bonnet whereas the material
parameters of the bonnet are density = 1500 kg/cm?®, heat conductivity (\/(w.mk %)), Specific heat
capacity (¢/ (J.kgtk™)).

B) Load Conditions: Internal heat load applied as a temperature from engine ranges from 110°C to
ambient temperature (22°c).

C) Boundary Conditions: Fixed constraints along the edges of the bonnet to simulate attachment

to the vehicle frame.

Geometry A Print Preview A Report Preview/

Figure 4:3Three-Dimensional model of the car bonnet
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The output results In ANSYS Workbench, conducting thermal analysis of a car bonnet involves
solving for the temperature distribution across the bonnet plate under steady thermal conditions. The

result typically includes:

1. Temperature Distribution: ANSYS provides a contour plot or color map showing the

minimum and maximum temperature distribution across the bonnet plate surface.

2. Heat Fluxes: The software calculates & displays heat fluxes across the bonnet plate surface.
Overall, the steady-state thermal analysis results from ANSYS Workbench provide comprehensive
insights into the thermal behavior of the car bonnet plate. These insights are essential for optimizing
the bonnet plate design, selecting appropriate materials, and ensuring reliable performance under

varying thermal conditions encountered during vehicle operation.
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CHAPTER FIVE
5. RESULT AND DISCUSSION

5.1. EXPERIMENTAL CHARACTERIZATION RESULT OF THE COMPOSITE

In this chapter Experimentally Physical and Mechanical properties, and Software Analysis result are
presented. Experimental tests were conducted on laminate composites made of jute and glass fiber
reinforced epoxy. These tests analyzed how different weight ratios and orientations of fibers affect
the mechanical properties (such as tensile strength, impact resistance, flexural strength, compression
strength, and water absorption) as well as the density of the composites. The goal was to identify

which laminate configurations exhibit optimal properties for various applications.

5.1.1. Tensile Strength Result

The Tensile strengths test of treated unidirectional hybrid fiber of jute and Glass reinforced
Laminated composite specimens was made as per the ASTM standard. the average result of stress—
strain curves for jute and Glass fiber reinforced Epoxy under tensile loading was presented in Figure
5:1 below. as observed from the figure, tensile stress increased linearly with increase in strain until

point of ultimate load under tensile loading.

Also, from this strength result graph relatively steep part of the curve represents elastic behavior and
the slope of the curve (change Stress to Strain ratio) defines the elastic modulus. the result is

calibrated result because the machine has an error and found by subtracting the error.

=
o
o

v E B

Strecs(MPa)

Figure 5:1 a) Stress Strain Curve b) specimen after teste
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Table 5-1 Calibrated Tensile Test Result of different Samples

Calibrated Tensile Test Result
) Ultimate tensile | Tensile strength Modulus of Elongation at
Specimen o
strength (Mpa) (MPa) Elasticity (Gpa) break (%)

JJJJJJ (100,0) % 305.98 202.12 46.84 3.65
JGJIGJ (75,25) % 309.16 205.55 48.78 3.61
JGJGJG (50,50) % 313.78 209.83 49.96 3.54

E 212.00 209.83

s 210.00

g 208.00 20555

I::n 206.00

o 204.00 509.12

& 202.00 .

()]

= 200.00 .

S 198.00

= s1 S2 s3

Tensile stress of treated Jute ,Glass & Epoxy

Figure 5:2 Graphical Representation of Stress Strain Curve test result

From the hybrid composite test result it is observed that the tensile strength of the samples increases
with increase the weight ratio of Glass fiber to get maximum at 209.83 MPa.

Different failure modes of the samples have been observed as per the ASTM D3039 Standards when
testing the specimen. The most common failures occurred are fiber pull out, fiber and/or matrix
fracture, Delamination, failure at the grasp (hold) and fiber/matrix debonding. Fiber pulls out and
delamination are due to weak bond (poor lamination) but the others are because of stress

concentration or due to high clamping force on the composite sample.

5.1.2. Compressive Strength Result
Compressive strength of composite specimen is the opposite of Tensile strength and is evaluated by
conducting uniaxial compression tests. The compressive strength value increases with increase Glass

fiber mass. JGJJGJ has higher compressive strength (31.34Mpa) than the other preceding samples.
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Figure 5:3 Specimen of Different Weight Ratio After Compressive Test

Compressive Strength

3 32 31.34
2 31 30.48
'an 30
o 29
& 28
g 26.96
Z 27
o
g_ 26
£ 25

24

s1 ) s3

Figure 5:4 Graphical representation of compressive Strength test result
The compressive strength values of the composites range in between [J]s of 26.96Mpa & [JGJIGJ]
of 31.43 MPa. Samples during compressive strength test also poses different types of failure mode.

But the most common one is delamination due to lack of proper boding between fiber and matrix.

5.1.3. Flexural Strength Result

Most of the time structural body experience failure due to impacts and bending loads. To prevent
such failures, composites with high resistance to both impact and bending loads are essential. Based
on experimental results of flexural strength, it is evident that the data shows fluctuations, indicating
a non-linear relationship. However, overall, there is a consistent trend: as the weight ratio of glass
fiber increases, the flexural strength also increases.
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Figure 5:5 Specimen After Flexural test

Flexural Strength

795.34

795.30
205 75 795.24
795.21
795.20
795.15
795.10
S1 S2 S3

Figure 5:6 Graphical representation of flexural strength

Strength(MPa)

Flexural strengths of the composite specimen are assessed by conducting three-point bend test in
accordance with ASTM Standard and the average test results have its failure mode but mostly

common is delamination.

5.1.4. Impact Strength Result

Impact resistance refers to the capability of composite structural materials to absorb and dissipate
energy during impact or shock loading. A pendulum impact test machine was used to assess this
ability. According to the experimental results, specimens with a higher weight ratio of glass fiber
demonstrate greater impact strength. For instance, among the given samples, JGJGJG exhibited the
highest impact strength of 348.39 J/m2.
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Impact Strength
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Figure 5:7 Graphical representation of impact strength

Similarly, with the other above mechanical property its common failure mode is delamination.

Figure 5:8 Specimen after Impact Test and Delamination failure

5.1.5. Water Absorption Test Result

The water absorption test result of the different weight ratio samples is listed below. From the result
it is observed that it increases when the weight percent of jute fiber increases.

Table 5-2 Water Absorption Test Result of Composite Samples

After 24 hrs. After 48hrs.
Original Final Absorbed | Original Final Water
Samples
mass (g) | mass (g) | Water % | mass(g) | mass(g) | Absorbed %
NNNANN 14.62 15.98 8.51 15.45 15.53 0.52
JGJIGI 14.48 15.79 8.30 15.79 15.87 0.50
JGJIGIG 14.55 15.53 6.31 14.87 1491 0.27
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As observed from the result with increasing weight percent of glass fiber decreases water absorption.
Finally, from the above samples of weight ratio it should be selected with good mechanical property.
since the aim of this characterization is for proper material selection with high mechanical property
especially impact strength. From the above results JGJGJG has better mechanical property than the
other Samples. This is further characterized based on fiber angle of orientation to Provides relatively
good mechanical properties like strength and stiffness in multiple directions (Lateral and
Transversal) or (both in the warp and weft directions of the fiber mat) so that it resists an impact

load even when a laminate is subjected to concentrated load.

5.1.6. Characterization of composite based on the Fiber Angle of Orientation
When considering the effect of fiber angle of orientation on the strength of a composite material
made up of unidirectional fiber embedded in a matrix, it is to over come
A. Composite failure occurs parallel to fibers because of if stress concentration is applied.
B. Shear failure of the matrix as a result of a large shear stress acting parallel to the fibers,
C. Tensile failure of the matrix (fiber/matrix) interface when stressed perpendicular to fibers.
D. To overcome failure during transversal impact
Further characterization is made on the composite sample having better mechanical property (sample
of weight ratio of 50% jute fiber to 50% Glass fiber). characterization based on fiber angle of offers
better impact resistance and damage tolerance due to the interlocking nature of the weave.
A. Effect of fiber orientation on Young’s modulus of composites
The Young’s modulus of a unidirectional composite is much higher when loaded in the longitudinal
(0°) direction than in the transverse (90°) direction. The Young’s modulus decreases with increasing
fiber angle, particularly from 0° to 45° when the stiffness falls sharply by nearly 70%. The high
sensitivity of the Young’s modulus to fiber angle occurs for any type of unidirectional composite

material, and their fibers must be closely aligned to the load direction to achieve high stiffness.
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00

Figure 5:9 Schematic illustration of the composites with different fiber orientation

l'ensile Direction

+ 45° 90° 0°, + 45°, 90°

The Young’s modulus of a unidirectional composite loaded at any fiber angle (©) between 0° and

90° can be calculated using:

1
E(e) = Cos*(0)  Sin*(0) v . (5:1)
oA } 5 . (Giz %) Sin2(0)Cos?(0)

The other elastic properties of unidirectional composites are also dependent on the fiber angle. The
equation bellow shows the variation in the shear modulus of Composite with fiber angle, and this
property is highest at 45° and lowest when the load is applied in the fiber (0°) and anti-fiber
directions (90°). The change in the shear modulus with fiber angle can be determined using:

G(©)= 2(1 + 2+ 222 5in2(6)Cos?(0) ) + - Sin*(0)Cos*(0) (5:2)
Eq E, Eq G2

This composite is needed to have both Elastic Modulus and Shear Strength maximum value.
Generally, the overall mechanical Properties of the Angled fiber composite result is shown below.

Table 5-3 Longitudinal Mechanical Property result of Angled JGJGJG Samples

Angle of | Tensile Impact | Impact Flexural Compressi | Water
orientation | Strength | Energy | Strength in | Strength on Strength | Absorption
(Mpa) in (J) (KJ/m2) (Mpa) In (Mpa) Rate %
[0°0%] s 209.83 30.18 348.39 795.34 30.58 8.51
[00/+45%s | 188.46 28.35 332.21 780.82 28.4 7.82
[0° /90%]as 165.74 27.9 319.79 770.23 26.7 6.70

December 16, RESULT AND DISCUSSION Page | 67




Characterization, Design and Analysis of Jute / Glass Fiber Reinforced Epoxy Composite

Table 5-4 Transversal Mechanical Property result of Angled JGJGJG Samples

Angle  of | Tensile | Impact Impact Flexural | Compressi | Water

orientation | Strength | Energy in | Strength Strength | on Strength | Absorption

(Mpa) | (J) in (KJ/m?) | (Mpa) In (Mpa)
[0°0°] s 26.53 9.25 91.54 105.28 5.64 8.58
[0°/+450]s | 120.69 22.32 152.62 571.41 20.56 7.42
[0°/907]3s 110.74 19.68 147.9 570.25 19.67 6.74

Generally, Properties like tensile, Flexural and compressive properties of composites decrease with
the increase fiber angle of orientation from 0° to 90°.in the lateral direction. But impact property

increases with the increase fiber angle of orientation in the transverse (cross) direction.
52. IMPACT ANALYSIS RESULT OF THE BONNET USING ALTAIR-HYPER MESH

5.2.1. Stress Distribution Result of The Bonnet Plate

The stress distribution result of the Jute/Glass reinforced Epoxy laminate composite bonnet structure
as shown in the fig below has maximum von mises stress of 53.78 N/mm? at the area of collision
which is below the yield strength of the material implies there will not be an immediate failure or it

is safe.

Contour Plot 1:impact analysis of car bonnet
Von Mises(Scalar value, Mid) Loadcase 1: Time = 3.5000e-02 : Frame 8
Maximum Average
— 5.378E+01
— 4.781E+01

4.183E+01

3.586E+01

2.988E+01

2.390E+01

1.793E+01

1.195E+01

5.976E+00

0.000E+00

No

Max = 5.378E+01
Node%89

Min = 0.000E+00
fode 3353

Figure 5:10 FEA Stress Distribution Analysis of the Composite Bonnet
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5.2.2. Deformations Occurred in Composite Material of Bonnet Plate

The deformations occurred in the vehicle front Bonnet Plate is expected to be small or minimum as
much as possible in order to minimize the damage of the vehicle’s front body and the passengers.
Then the Deflection for Jute/Glass reinforced Epoxy Laminate Composite Material can be observed

as shown in the Figure 5:11 below and the maximum deflection obtained is 2.8 mm.

Contour Plot 11
Displacement(Mag) Subcase 1 (load step 1) - Static Analysis : Iteration 0 : Frame 25
Analysis system
— 2.860E-04

2.542E-04

2.224E-04
[ 1907604
1.589€-05

1271E05
9533606
6355606
3.178€-06
0.000E+00
o NG Result
Max = 2.860€-07
Grids 5544
Min = 0.000E+00
forids 3164

Figure 5:11 Total Deformation of Composite Bonnet and Steel Bonnet

5.3.  Optimization Result of The Composite Bonnet Plate

5.3.1. Free Size Optimization Result
The ‘output file (results) of the analysis for different Iterations are shown bellow

1. Element Thickness, Orientation Thickness and Ply Thickness Results

Contour Plot 1:1 Contour Plot
Composite Manufacturing Constraints((DTPL 1] LAMTHK > 3.00 (constraint)) Design : Iteration 0: Frame 1 J| Orientation Thicknesses(Thickness, Max) Design : Iteration 0
Maximum AVQYAQQ Maximum f\verage
— 3600E+00 — 1.440E+00
— 3600E+00 — 1.440E+00

3.600E+00 1.440E+00
[ 3.600E+00 1.440E+00

3.600E+00 1.440E+00
= 3600E+00
| | 3.600E400
~— 3.600E400

Figure 5:12 Manufacturing Thickness (A), Orientation Thickness(B) result of the Bonnet Plate

oy
('{”5316‘

All plies have equal ply thickness of 3.6mm after optimized.
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Contour Plot
Element Thicknesses(Thickness)
Maximum Average

3.600E+00

3.600E+00

3.600E+00

Design : Iteration 0|

Contour Plot

Ply Thicknesses(Thickness, Max)
Maximum Average

— 3.600E-01

— 3.600E-01

Design : Iteration 0

3.600E-01
[ 3600601

3600601
= 3600601

3600601
— 3600601
— 3600601
L 1

Figure 5:13 Element thickness and Ply Thickness Result of the Composite Bonnet Plate

5.3.2. Sizing Optimization Result

Open animation results in HyperView and check the thickness contours.

Run Summry:
OPTIMIZATION HAS CONVERGED
Feasible Design (All Constraints Satisfied)

End Of Solver Screen output

ITERATION 1
Soft convergence criterion satisfied;
the design did not change during the last iteration

Objective Function (Minimize Mass) = 0.25380E-03
Maximum Constraint Vaiolation % = 0.00000E+00

Volume = 7.83411E+06 Mass = 9.25380E-03
Subcase Compliance Epsilon

1. 3.2064421E+05 2.152508E-07

% change = 0.00

Figure 5:14 Sizing Optimization Result of the Bonnet Plate

1. Element Thickness and Orientation Thickness Results

Contour Plot
Orientation Thicknesses(Thickness, Max)
Maximum Average

Contour Plot
Element Thicknesses(Thickness)
Maximum Average

Design : Iteration 1 Design : Iteration 1

— 1.200E+00
1.200E+00
1.200E+00
1.200E+00

8 12006400
= 1.200E+00

1.200E+00
1.200E+00
1.200E+00

No Result

3.000E+00
~ 3.000E+00
3.000E+00
3.000E+00
3.000E+00

Figure 5:15 Element Thickness(A) and Orientation Thickness (B) results
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Contour Plot
Orientation Thicknesses(Thickness, -45 deg)
Maximum Average

Contour Plot
Orientation Thicknesses(Thickness, 0 deg)
Maximum Average

Design : iteration 1 Design : Iteration 1

6.000E-01
6.000E-01
6.000E-01
6.000E-01
6.000E-01
6.000E-01
6.000E-01
— 6.000E-01
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1.200E+00
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Min = 6.000E-01
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Contour Plot
Orientation Thicknesses{Thickness, 90 deg / -45 deg)
Maximum Average

Design : Iteration 1

— 6.000E-01
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6.000E-01

— 6.000E-01

— 6.000E-01

= 6.000E-01
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E 6.000E-01
6.000E-01
— 6.000E-01
m NoResult

Figure 5:16 Orientation Thickness Result of each ply

The orientation thickness for 45°, -45° and 90° is equal which is 0.6 mm

NB: Here in this analysis several Plies are either deleted or increased dueto their need.

5.3.3. Ply Stacking (Orientation) Sequence Optimization Result
Stacking sequence for STACK 1

[teration 0 Iteration 1 lteration 2 Legend

450 degrees

0.0 degrees

-45 0 degrees

Figure 5:17 Stacking Sequence of different Angled Plies Laminate

Iteration 1 or Iteration 2 are the optimized stacking sequence for the laminate stacks.
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1. Composite Stress Results: - Under this different analysis like Shear Max., Vonmises, stress

results of the laminate and for each Ply are shown.

Contour Plot MM Contour Plot 11

Composite Stresses(Von Mises Stress, Max) S 1)- alysis : Iteration 0 : Frame 25 Element Stresses (2D & 3D)(MaxShear, Max) Subcase 1 (load step 1) : Static Analysis : Frame 3

Maximum Average Global System
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Contour Plot 1 Contour Plot
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Maximum Average Maximum Average
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Min = 2.769E-05 Min = 1.069E-05
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Contour Plot Contour Plot

Composite Stresses{Von Mises Stress, PLYS_3101) Subcs oad s 1) - Static Analysis : Iteration O [l Composite Stresses(Von Mises Stress, PLYS_5101)
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Figure 5:19 Optimized Composite Stress (Von Mises Stress) of different Angled Plies

2. Element Stress Results: - Again under this different analysis like Shear Max. ,VVonmises,
Plain stress and Presssure results of the laminate and each Ply are shown.
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Figure 5:20 Optimized Stress & Displacement Result of the Composite Bonnet
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Figure 5:21 Element Stress (2D & 3D) result along Plane 1and 2 of the Composite Bonnet
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Figure 5:22 Element Stress (2D & 3D) Pressure of then composite bonnet

5.4.  Thermal Analysis Result of the composite car bonnet using FEM

Finite Element Method (FEM) analysis is a powerful tool for evaluating the thermal performance
of composite materials, like jute and glass fiber reinforced epoxy composites used in automotive
bonnets. This analysis provides understandings into temperature distributions, thermal stresses, and
deformation characteristics at a given thermal load. This document presents the FEM analysis results
and discusses the implications for the design and performance of composite bonnets.

I. Temperature Distribution:

As shown in the figure below the temperature distribution across the bonnet was analyzed to
understand how heat propagates through the composite material surface to give a result.

@ Center of Bonnet: 67.5°C

© Edges of Bonnet: ~100.54°C
The temperature increases more significantly at the edges compared to the center this because of

heat dissipation through the fixed constraints and also decrease from inner to outer surface.

December 16, RESULT AND DISCUSSION Page | 74




Characterization, Design and Analysis of Jute / Glass Fiber Reinforced Epoxy Composite

0.000 0.700(rm) 0.000 0.400(m)

4 .
X
0350 0200

[\ Geometry {Print Preview  Report Preview/ Geometry £ Print Preview ) Report Preview/ ]

Figure 5:23 Temperature distribution of along the Composite surface of the bonnet

Generally, the temperature distribution analysis of the jute and Glass fiber reinforced epoxy
composite bonnet indicates that the temperature gradient suggests that the bonnet maintains
relatively even thermal conditions in the central areas but might face challenges in managing thermal
loads at the edges. For improved thermal management, enhancing the heat dissipation mechanisms
at the edges could be considered.

1. Heat Flux:
The heat flux for the composite bonnet is shown below. From the result it is observed that heat flux

higher at the edge than at the center this is because of the constraint.
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Figure 5:24 Heat Flux (A) and Heat Flux direction (B of the car bonnet

I11. Thermal Stresses
Thermal stress is the stress produced due to any variation in temperature of the material.
Mathematically it can be expressed as follow.
ot = aLAT, when 81 = thermal stress, o = coefficient of thermal expansion, L = length, AT =
temperature change. The analysis of thermal stresses for Jute and Glass Fiber Reinforced Epoxy
bonnet was conducted to understand the stress distribution resulting from temperature changes.
o Maximum Thermal Stress: 4.5 MPa

o Stress Distribution: Higher stresses observed near the edges due to thermal expansion

and boundary constraints which causing higher stress concentrations.
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Figure 5:25 Thermal stress (von mises stress) of the composite bonnet
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Finally, these thermal stresses should be considered in the design phase to avoid potential material
failure. A possible design improvement could be incorporating flexible edge reinforcements to better
accommodate thermal expansion and reduce stress concentrations.
IV. Thermal Deformation
The deformation due to temperature changes was analyzed to understand how the bonnet shape
changes under thermal load.
4+ Maximum Deformation: 0.35 mm
<+ Deformation Distribution: Uniform deformation across the bonnet with slightly higher
deformation at the center due to thermal expansion but lower at the edge because of the
constraint.
The analysis reveals that the deformation due to thermal load is minimal, with the maximum
deformation of 0.204 mm observed. This indicates that the composite maintains its structural
integrity under the given thermal conditions. again, this low deformation value is favorable for

maintaining the bonnet's shape and functionality.
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Figure 5:26 Thermal deformation of the composite bonnet
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CHAPTER SIX
6. CONCLUSION AND RECOMMENDATION

6.1. CONCLUSION

The following conclusions were drawn for Jute/Glass fiber reinforced Epoxy composite based on
the Experimental and Simulation results using Software (Ansys and Altair Hyper mesh).

A) Experimentally: - Starting from Activities of fiber extraction method to fabrication process
using hand layup method is made and mechanical characterization process was briefly
discussed and presented under the variation of Fiber weight (volume) ratio and Fiber Angle
of orientation.

» Optimum strength of different mechanical properties is obtained from Jute to E-glass fiber
weight ratio at 50:50.

» From the mechanical characterization results, it observed that the Jute/Glass fiber reinforced
epoxy composite material has a good mechanical property in the longitudinal direction but
lower in transverse direction.

» Mechanical properties of the composite material increase with increasing E-glass fiber content.

> 0° unidirectional laminates have higher mechanical properties.

» Adding fiber angle of orientation improves Impact strength in both longitudinal and transversal
direction when subjected to impact load. i.e. [0°, +45°] have better impact strength.

B) Simulation result: - Impact analysis was done for Jute/Glass fiber reinforced Epoxy
composite material for automotive Bonnet using Altaire Hyper mesh software & Ansys.

» The composite bonnet Plate has a lower deformation of 2.8 mm which is insignificant.

» The internal energy absorbed due to impact load is 1570J which has better energy absorption.

» The maximum equivalent VVon-Mises stress exerted in the composite bonnet is 53.78 Mpa
which is very much lower than the Materia strength implies have a capability of to withstand at
the collision load.

» Comparing the laminates composites JGJGJG] bonnet with structural steel bonnet has better in
strength and about 67% weight reduction which leads better performance of vehicle.

> Also, in the cost perspective composite bonnet is 78.5% less than steel bonnet.
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Finally, it can be concluded that Jute/E-glass fiber reinforced epoxy composite meets most of the
requirements like high strength to weight ratio, higher crashworthiness, high stiffness to weight ratio,

less deformation and high von mises stress so that it can replace the existing steel bonnet.
6.2. RECOMMENDATION FOR FUTURE WORK

Since there is no complete solution to engineering problem adding the next further studies is good.
» Using poor fabrication process of hand-lay-up technique affects mechanical property result

of Composite material so using other advanced manufacturing process technique is good.
» Economic Analysis & Structural analysis (aerodynamic analysis) of the Composite Bonnet.

Y

Deep thermal analysis Study of the composite bonnet is mandatory.

» Water absorption ability is the main drawback of composite material for automobile
application which is seriously recommended for further study.

» Shear Testing Machine is limit throughout the country universities it is good if accessible.

> Finally, Federal Government or Automotive Private Company owner should take an

Initiatives & give place for Natural Fiber Reinforced Composite in Engineering Structural

application & do more on it.
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APPENDIX-A

A. Specimens Geometry and Dimensions
Table A-1Tensile test specimens geometry dimensions

Layer Test Withd(mm) Thickness(mm) Length
Notation | Material | pean SD Mean SD (mm)
333333 Sample 1 20.1 0.16 4.52 0.13 250

Sample 2 20.2 0.15 4.50 0.12 250
Sample 1 20.2 0.17 4.43 0.14 250
JGJIGI
Sample 2 20 0.19 4.32 0.13 250
Sample 1 20.3 0.20 4.49 0.05 250
JGJGIG
Sample 2 20.4 0.21 4.50 0.06 250
Table A-2 Compressive test specimens geometry dimensions
Notation | Material | Mean SD Mean SD (mm)
Sample 1 20.2 0.15 4.50 0.15 250
JJJJjJJ
Sample 2 20.2 0.13 4.50 0.16 250
Sample 1 20.3 0.14 4.60 0.18 250
JGJIGI Sample 2 20.4 0.16 4.30 0.13 250
Sample 1 20.3 0.18 4.52 0.16 250
JGIGJG Sample 2 20.2 0.17 4.34 0.15 250
Table A-3 Flexural test specimens geometry dimensions
Notation | Material Mean SD Mean SD (mm)
Sample 1 20.5 0.16 4.22 0.15 250
JJ33J Sample 2 20.4 0.14 4.35 0.14 250
Sample 1 20.3 0.05 4.40 0.09 250
JGJIG]
Sample 2 20.2 0.04 4.42 0.08 250
Sample 1 20.4 0.19 4.50 0.20 250
JGJIGIG
Sample 2 20.5 0.20 4.44 0.19 250
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Table A-4 Impact test specimens geometry dimensions
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Layer Test Withd(mm) Thickness(mm) | | angth
N Otation M ate rial M ean SD M ean SD (mm)
333333 Sample 1 20.4 0.16 4.25 0.15 120
Sample 2 | 20.38 0.15 4.46 0.14 120
Sample 1 20.3 0.14 4.41 0.15 120
JGIJGJ Sample 2 | 20.38 0.15 4.37 0.16 120
Sample 1 20.4 0.19 4.38 0.13 120
JGJGJG Sample2 | 20.48 0.20 4.35 0.13 120

Table A-5 Water Absorption test specimens geometry dimensions

Laye r Test Wlthd(mm) Thickness (mm) Le ngth
Notation | Material Mean SD Mean SD (mm)
Sample 1 20.15 0.16 4.50 0.14 60
JJJJaJ
Sample 2 20.32 0.15 4.43 0.14 60
Sample 1 20.31 0.16 4.50 0.15 60
JGJIGI
Sample 2 20.28 0.20 4.48 0.14 60
Sample 1 20.24 0.21 4.51 0.16 60
JGIGIG Sample 2 20.3 0.20 4.55 0.15 60
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APPENDIX-B

B. Mechanical properties Test Results of composite
Table B-1 Experimental Mechanical Property Test Result of the composite material

Tensile Test Result Lalibrated Tensile Resu
_ No. of UIFimatete Tensile |Elongatio |Ultimate |Tensile
Specimen trials nsilestreng|strength( |n at break|strength |stre ngth
th(Mpa) MPa) (%0) (Mpa) (MPa)
T1 357.5 298.2 3.67 308.2 204.7
JJJiad T2 355.4 302.6 3.64 304.5 200.4
Avg 356.0 300.5 3.65 306.0 202.1
T1 366.8 336.7 3.62 254.8 206.6
JGJIGI T2 381.2 328.4 3.6 269.2 204.6
Avg 374.0 332.0 3.61 309.2 205.6
T1 390.9 364.3 3.02 278.4 213.6
JGIGIG | T2 374.4 364.3 3.06 262.9 205.3
Avg 382.6 364.3 3.54 313.8 209.8
Calibrated Result
_ No. of |Compression [Compression Impact Sl
Specimen ] Strength
trials |Load(KN)  |Strendth(Mpa) | (ky/mp) |© ngth(Gpa)
T1 30.98 298.28 338.95 795.02
JJJJiid T2 28.95 305.32 346.26 795.40
Avg 29.96 301.80 342.61 795.21
T1 31.92 328.40 343.10 795.18
JGJIGI T2 31.96 352.00 344.78 795.30
Avg 31.94 340.20 343.94 795.24
T1 29.00 442.62 350.55 795.28
JGIGIG T2 31.96 480.28 346.23 795.40
Avg 30.48 461.45 348.39 795.34
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APPENDIX-C

C. Simulation Analysis results from Altair-Hyper Work

Figure C:1 Meshed part of the laminated composite bonnet
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Figure C:4 Element Stress (2D&3D) In-Plane P1 & P2
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APPINDIX-D
D. Excell Design of the Bonnet Plate

Plates

i Check lines: 4.9;

ii ject information
?
1.0 Selection of material and units settin
1.1 Calculation units 5! Uriks D4 e, L e
1.2 Material SN RANECL S SN £ At 7
1.3 Modulus of elasticity E 210000 [MPa] [
1.4 Modulus of shearing G BO769 [MPa]
1.5 Poisson’s ratio v 0.30
1.6 Temperature coefficient of expansion ¥ 11.70 [m/m/C*e-6]
1.7 Specific mass Ro 7850.00 [kg/m~3]
1.8 Yield sirength &y 355.00 [MPa)
1.9 Requested safety coefficient SF 3.00
2.0 Circular plates
3.0 Annular circular plates
4.0 Rectangular plates |
4.1 LDading and rmuntirg tvl:m e wformn pressure 1 over small concentric e of radus vo, ol edges semply supporied w
4.2 Plate thickness t 1.200 [mm]
4.3 Long edge a 1980.000 [mm] 02.
4.4 Short edge b 1450.000 [mm] o WL
4.5 Radial location of loading ro 25.400 [mm] B oo
4.6 Total applied force w 48.50 [M] B a
4.7 Load per unit area Prasmess v q [MPa]
4.8 Plate weight m 27.04 [ka]
4.9 Maximum deflection ymax -44.85840 [mm]
4.10 Maximum stress E 87.42 [MPa]
4.11 Safety coefficient SF 4.06
5.0 Circular plates producing large deflection
6.0 Rectangular plates producing large deflection |
6.1 Mounting and loading type o Hek o Vo, 8 s o i ckc vt = 1.6 = <100 (ubillore presinre § ver s plake v
6.2 Plate thickness t 1.200 [mm]
6.3 Long edge a| 1980.000 | [mm] 07. i
6.4 Short edge b 1320.000 [mm] #.maxO 21 2
6.5 Load per unit area v  g| 4ssoooo | 7 UL f,;
6.6 Plate weight m 24.62 [kg] é; 7 a — ;’g
6.7 Maximum deflection ymax -1.70101 [mm] %:/,//;///j';’,/,/_/{;,
6.8 Diaphragm stress o4 0.97 [MPa]
6.9 Bending + diaphragm stress (sum) S 7.30 [MPa]
i Move values from paragraph [4.0]
6.10 Safety coefficient SF 48.64

Figure D:1 Numerical Design of the Composite bonnet Plate
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