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ABSTRACT

Propeller shaft connects gearbox to the final drive gears of the vehicle. Propeller shafts are
traditionally made of steel and according to various researches, the majority of the propeller
shafts suffer damage from corrosion, high fatigue, high bending, high impact, high vibration, high
compressive loading and severe shock loading. Fortunately, Composite materials have a great
damping capacity, they produce less vibration and noise while also being corrosion resistant.
Therefore, in this thesis, the propeller shaft of Tata 207 DI Single Cabin Pick up was replaced
with a two-piece propeller shaft carbon-Kevlar epoxy hybrid composite drive shaft. The main
objective of this thesis is to design and analyses of propeller shaft using carbon-Kevlar epoxy
hybrid composite. Modeling of the existing and the composite propeller shaft is carried out in
CATIA V5 and its analysis is performed in ANSYS. Basic dimensions of the existing model are
taken by direct measurement whereas the dimension of the composite propeller shaft is obtained
from analytical design. The analysis which is done on ANSYS are static structural, transient
structural, modal analysis, harmonic analysis and rigid dynamics. Three modified models were
prepared in order to consider all the necessary conditions and to select the similar design two-
piece mode propeller shaft for compare result from analysis. These are two-piece modified
propeller shaft, one-piece modified propeller shaft without center bearing and one-piece modified
propeller shaft with center bearing. According the result obtained from the analysis the two-piece
modified propeller shaft selected. The result from the analysis shows that the weight of the two-
piece modified propeller shaft is improved by 45.25% compared to the existing propeller shaft. It
also has a lowest stress distribution, lowest deformation and better performance in terms of
vibration compared to the existing and the other modified propeller shaft. It has the lowest
deformation at higher frequency ranges, for instance the maximum deformation of the two-piece

modified propeller shaft at 368.94Hz is 23.295mm which is less than the existing model.

Key Words: Carbon-Kevlar ,propeller shaft, Tata 207 DI Single Cabin Pickup, ANSYS
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CHAPTER ONE
INTRODUCTION

1.1 Background

A propeller shaft is a mechanical component for transmitting torque and rotation that is
commonly used to connect other drive train components that cannot be directly connected. The
majority of engines or motors generate torque by rotating motion. Transmission propeller shafts
account for 7-15 percent of sprung weight in an automotive transmission system, which is the
weight of the propeller shaft without any change in torque bearing capacity or stiffness(Pallavi
etal., 2015).

Drive shafts are traditionally made of steel (SM45C) and convey power from the gearbox to the
vehicle's rear axle. The graphite, carbon, glass fiber, and aluminum driveshaft tubes were
developed in response to industry demand for improved performance and efficiency in light
trucks, vans, and high-performance cars. In the automotive and aerospace sectors, glass
fiber/epoxy resin composites are often used. Glass fiber offers various advantages over other
materials, including simplicity of fabrication, the capacity to construct very long strands, and
high impact resistance. The primary reason for this is a significant weight decrease in the
driveshaft. The composite driveshaft weighs around 2.7kg, whereas the steel driveshaft weighs
approximately 10 kg(A & B. Kerur, 2021).

Most cars, vans, and small trucks have propeller shafts that are 1.25 to 2 meters long and made
of two pieces of steel or aluminum with an additional center bearing support. These shafts should
be able to transfer torques greater than 3000 Nm and operate at speeds ranging from 6000 to
7000 rpm. Vehicles with this type of propeller shaft are frequently used outlying areas with poor
road topography and construction site work. According to the owners, when compared to other
vehicles, the majority of the propeller shafts suffer damage from corrosion, high fatigue, high
bending, high impact, high vibration, high compressive loading, and severe shock loading
(H.B.H. Gubran and K. Gupta 2014).

To meet the vibration requirements, a one-piece composite driveshaft may be constructed. This
removes any assembly by attaching the two-piece steel shaft, reducing total weight, vibrations,
and cost. Fuel consumption will be lowered due to weight reduction. The car's complete driveline
is made up of multiple rotating mass components. The rotational mass of the drive train is
estimated to lose 17-22 percent of the power provided by the engine(Sweety P. Mhaske, 2016;
Yusuf et al., 2015).
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Composite materials have a great damping capacity, they produce less vibration and noise while
also being corrosion resistant. More available power is communicated by a lighter spinning
because weight. A composite driveshaft improves vibration dampening, cabin comfort, drive
train wear, and tire traction. Composite materials also have a lower modulus of elasticity. As a
result, when torque peaks occur in the driveline, the composite driveshaft can act as a shock
absorber, lowering stress on a component of the drive train while still transferring torque. Drive
shafts and propeller shafts are interchangeable terminology (Parshuram & Mangsetty,
2013).Every 10% weight reduction from the average new vehicle or light truck reduces fuel
consumption by 7%. Noise, vibration, and harshness (NVH) have become more important
aspects in vehicle design as a result of the pursuit of better refinement. Harshness is strongly
connected to vehicle refinement and the quality and transitory nature of vibration and noise
(Stoffels, 2017).

Hybrid composites are identified by the use of two or more distinct materials combined in
a single matrix. Hybrid composites show some unique features that can be used to meet the exact
requirements of the structure under consideration. Compared to monolithic composite hybrid
composites have given technological advances because they provide more balanced properties.
Some specific advantages of hybrid composites over monolithic composites include balanced
strength and stiffness, balanced bending and membrane mechanical properties, balanced thermal
distortion stability, reduced weight and/or cost, improved fatigue resistance, reduced notch
sensitivity, improved fracture toughness and/or crack arresting properties, and improved impact

resistance (Radulovi¢, 2020).

Fiber hybrids take advantage of the best qualities of several fiber types while potentially lowering
raw material prices. Carbon, basalt, glass, jute, kenaf, flax, hemp, kevlar, and other fiber
composites are all available. Kevlar is one of the most advantageous composite materials among
these accessible materials. Kevlar has several properties, including a high stiffness modulus,
toughness, thermal stability, and, most significantly, strength. Because of their low weight and
outstanding mechanical qualities, Kevlar fiber composites are becoming increasingly popular
(Priyanka et al., 2019).

Weight reduction has been the primary emphasis of automotive manufacturers in the current
development in order to save natural resources and save energy. Weight reduction in vehicles
may be achieved by the use of better materials, design optimization, and improved

manufacturing techniques (Chirinda & Matope, 2020; Czerwinski, 2021).
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To cut back on unnecessary fuel use, component counts must be lowered and composite
materials with enhanced corrosion resistance, stiffness, fatigue resistance, torsion strength,

balancing, and shock loading interference must be used.

In this thesis research, the propeller shaft was replaced with a two-piece carbon-Kevlar epoxy
hybrid composite drive shaft. The propeller shaft is built of a carbon-Kevlar epoxy hybrid
composite material with two universal joints and a jaw coupling. The composite propeller shaft is
analyzed to determine the efficiency of the composite material on the load carrying capacity and
torque transmission of the propeller shaft. Because of the increased weight of the propeller shaft,
the stainless steel was replaced with composite materials, which are much lighter than stainless
steel. When compared to stainless steel, composite materials are less expensive(Kale & Secanell,
2018).

The dimensions of the car’s existing propeller shaft, which will be used for further computation
and analysis is taken by direct measurement. Theoretical design is carried out by employing
fundamental material strength ideas. Developing a solid model: Using the CATIAV5 program, a
three-dimensional solid model of the shaft is built on the computer. This 3D model is then sent to
the ANSY'S program for finite element analysis. Finite Element Method: Pre-processing, solution,

and post-processing are the three basic processes.

The geometric domain of the problem, the element types to be used, the material properties of the
elements, the geometric properties of the elements (length, area, and the like), the element
connectivity (the mesh of the model), the physical constraints (boundary conditions), and the
loadings are all defined in pre-processing (model definition). The computed findings are then
utilized in the solution phase to determine things like deformation and element stress, which are
carried out by commercial software. ANSYS software will be used for post-processing analysis
on the finite element model of the carbon-kevlar/Epoxy composite drive shaft. In comparison to
steel and composite shafts, the study discovered that the use of composite drive shafts decreased
weight.

1.2 Statement of the Problem

A vehicle's propeller shaft is one of its most important parts. The two or three-piece propeller shaft
assembly, which consists of three universal joints, a central support bearing, and a bracket, has
caused the assembly's overall weight to grow, adding weight and complicating the mechanism
(Chirinda & Matope, 2020; Czerwinski, 2021; V.Jose Ananth Vino, 2015).
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Steel or aluminum has a lower rotational frequency than the shaft, increasing the amplitude of
vibration of the drive shaft (Gubran & Gupta, 2014). Drive shafts are often constructed in two
halves of high-quality steel (Steel SM45) to increase the basic bending natural frequency, which
is inversely proportional to the square of beam length and proportionate to the square root of
specific modulus. The two-piece steel drive shaft is composed of three universal joints, a central
supporting bearing, and a bracket, all of which increase weight and reduce fuel efficiency
(Gubran & Gupta, 2014).

Kevlar fibers and Kevlar fiber-reinforced polymer (KFRP) composites have potential applications
in defense and impact-loaded scenarios due to their high strength and impact resistance (Priyanka
et al., 2019). Carbon fibers have better strength and stiffness than other fibers but have limited
extensibility and low damage tolerance, whereas Kevlar fibers offer a higher degree of toughness
and damage tolerance, and their hybridization might be a good solution to carbon fiber limits.
Kevlar and carbon composites can be used to create lightweight and effective body armor. Hybrid
(carbon-Kevlar) composites exhibited better results than Kevlar composites and it was observed
that hybrid fabric composites exhibited superior properties compared to Kevlar

composites(Madarvoni & Sreekanth, 2022).

Tata 207 DI Single Cabin is designed for urban as well as rural use, the 207 DI is packed with
safety features that make for better stability and ease of handling. With the highest ground
clearance in its category, and larger tires for more traction, the 207 DI is the ideal multi-terrain,
multi-application vehicle which marries high performance with low maintenance
requirements .The design of the composite propeller shaft is done for Tata 207 DI Single Cabin
Pickup which uses two-piece propeller shaft. According to the owners, when compared to other
vehicles, the majority of this vehicle’s propeller shafts suffer damage from corrosion, high
fatigue, high bending, high impact, high vibration, high compressive loading, and severe shock

loading when we use rural service like construction site work, bad topography etc .

As a result, the goal of this study is to evaluate the fatigue, impact, and shock resistance of Tata
207 DI Single Cabin propeller shafts using fatigue analyses, vibration analyses, and dynamic
analyses of a two-piece propeller shaft composite material made of carbon-kevlar epoxy hybrid
composite, composed of 60% Carbon fibers for better strength and stiffness and 40% Kevlar fibers
for higher degree of toughness and damage tolerance. which has a higher strength-to-weight ratio,
high conformability, stiffness while absorbing energy, dimensional stability, high impact
resistance, and fatigue resistance. To assess the strength and behavior of engineering structures,

the finite element technique, a computer-based numerical approach, is utilized.
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1.3 Objective

1.3.1 General Objective
The general objective of this thesis is to design and analyses of propeller shaft made of

carbon-Kevlar epoxy hybrid composite.
1.3.2 Specific Objectives
The main objective of this thesis will be achieved through the following specific objectives:
v" Model and analyze the existing propeller shaft under various conditions.
v Design and model the Carbon —Kevlar epoxy hybrid composite propeller shaft
v Perform static, transient and vibration analysis on the modified model
v

Compare the performance of Carbon —Kevlar epoxy hybrid composite propeller shaft with
the existing shaft.

1.4 Significance of the Study

The significance of this study is that it provides guidelines for designing propeller shafts from
composite materials and analyzing their performance using ANSYS software. The study also
highlights the advantages of composite materials over conventional steel propeller shafts and how
they can reduce the weight of vehicles. The findings of this study can be useful for individuals,
researchers, and composite propeller shaft manufacturers. It would provide of this study is that it
provides guidelines for designing propeller shafts from hybrid composite materials and analyzing
their performance using ANSY'S software. The study also highlights the advantages of composite
materials over conventional steel propeller shafts and how they can reduce the weight of vehicles.
The findings of this study can be useful for individuals, researchers, and composite propeller shaft
manufacturers. It would provide some guidelines guideline, how to design propeller shafts from
hybrid composite materials and analyze their performance using ANSYS software. It also gives a
better understanding of the advancement of composite materials over the conventional steel

propeller shaft and reduces the weight of the vehicle.

1.5 Scope of the Thesis Work

The scope of the study in this research paper is design and analysis of propeller shaft from carbon-
Kevlar epoxy hybrid composite material by using CATIAV5 and FEA ANSYS software. The
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study was conducted at Adama Science and Technology University, School of Mechanical,
Chemical and Materials Engineering, department of Mechanical Engineering. The paper outlines
six stages of the solution for the problem, which includes defining dimensions, material selection,

theoretical analysis, creating a solid model, finite element analysis, and comparative study.

1.6 Limitation

Difficulties of obtaining proper materials from the market, increased cost and experimental
investigation prepare composite materials has not been don due to unavailability of proper
laboratory for conducting material tests, relevant materials have urged me to depend on only
materials from internet. Also prototype of propeller shaft is not manufactured due to lack of
budget.

1.7 Organization of the Thesis

This thesis is divided into six chapters. The first chapter includes information about the study's
background, issue statement, goal, and significance. A review of the literature that is relevant to
this thesis topic and has been read by many academics is given in Chapter two. Chapter three
discusses the materials and methods utilized for the investigation and design. Chapter four covers
, the design of a composite propeller shaft, modeling and analysis of the propeller shaft, and
selection of cross-section. In Chapter five, results and discussion are presented. Chapter six covers

conclusion and recommendation.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Introduction

Propeller shafts are used as power transmission pipes in a variety of various applications,
including cooling towers, pumping systems, vehicles, and aircraft. By knowing the torque and the
material's permitted shear stress, the size of the shaft's cross section can be determined when
building a metallic shaft. When the area beneath the automobile cabin constrains the outer radius,
the shaft's inner radius has a specific value because the geometric parameter (polar moment of
inertia of the cross-sectional area divided by the outer radius) equals the torque divided by the
permitted shear stress (Rangaswamy & Vijayarangan, 2005). Steel propeller shafts are typically
made in two parts to raise the fundamental bending natural frequency, which is inversely
proportional to the square of beam length and proportionate to the square root of specific modulus.
The two-piece steel drive shaft is made up of three universal joints, a central supporting bearing,
and a bracket, all of which add to the overall weight of the vehicle. Because the bending natural
frequency is inversely related to the square of the span length, increasing the critical speed of the
shaft under varied load circumstances requires either decreasing the span length or increasing the

bending strength.

The weight, low critical speed, and vibration properties of the iron propeller shaft are its
drawbacks. The use of standard metal propeller shafts causes performance limitations owing to a
lower critical speed, weight, fatigue, and vibration, which has led to the development of composite
propeller shafts, which have solved various automotive and industrial difficulties. Numerous
solutions, including vibration, shock absorbers, vibration dampers, flywheels, harmonic dampers,
numerous shafts with bearings, couplings, and heavy accompanying gear, have only patchy
success in solving the issues ParshuramD,SunilMangsetty 2013.

Composite propeller shafts provide superior vibration dampening, improved passenger comfort,
reduced wear on drive train components, and improved tire traction. One-piece torque tubes are
also more efficient in terms of assembly, maintenance, and part complexity. It is well known that
a vehicle's weight must be reduced in order to minimize fuel consumption and meet strict
environmental laws. In order to reduce the weight of structural components while maintaining the
quality, performance, and dependability of vehicles, the automotive industry is utilizing composite

materials (ParshuramD,SunilMangsetty 2013).
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A composite material is a macroscopic blend of two or more materials having an obvious interface.
In composite materials, the fiber or particle phase is frequently stiffer and stronger than the
continuous phase. Today, a variety of sectors, including aerospace, automotive, construction, and
others, employ composite materials. People employ composite materials to make car door panels

and bonnets for automotive purposes(Constantine D. Papaspyrides && Kiliaris, 2014).

A composite material is formed by combining a reinforcing material with a matrix. A composite's
qualities outperform the properties of its separate components. Reinforcement is the primary load-
bearing component and is responsible for the composite material's strength and stiffness. Fibers,
particles, and flakes are examples of reinforcement forms. Matrix, on the other hand, maintains
the orientation of the reinforcement and protects it against chemical and physical harm. It is also
in charge of the uniform distribution of an applied load among the reinforcing elements.
Composite materials are frequently utilized when traditional materials like metals, ceramics, and
polymers are unable to precisely match the requirements of a certain application. One of the key
advantages of composite materials is their versatility, which may be achieved by varying the type
and ratios of the component materials, their orientations, process parameters, and other elements.
Composites are appropriate materials for automotive and aerospace applications because they
have excellent mechanical properties and are lightweight. Composites also have high toughness,

thermal conductivity, fatigue resistance, and corrosion resistance(Buckner et al., 2016).

Advanced composite materials such as graphite, carbon, Kevlar, and glass are widely used due to
their high specific strength (strength/density) and specific modulus (modulus/density).
Applications for long power driver shafts (propeller shafts) appear to be best suited for modern
composite materials. The torque-management design of propeller shafts causes torsion and shear
stresses. The elastic properties of composite materials can be adjusted to improve the load bearing
capacity (for example, torque) of propeller shafts using a range of fiber and ply stacking sequence

designs(Ganeshan et al., 2015).

The use of fiber reinforced composite materials are increasing day by day due to their excellent
mechanical, corrosion and wear resistance properties. They are widely used in different high-
performance applications such as aerospace naval, automotive vehicle, construction etc. These
composite materials are advantageous over conventional materials (iron, steel and aluminum
alloys) because their light weight, good fatigue performance, design flexibility and low through
life maintenance and processing costs. Composites are two unique types of materials that are
combined to improve their respective qualities (Md. MilonHossain®* , M A Khan 2, R A Khan 3
, Md. Abu BakarSiddiquee* and Tauhidul Islam 5 2015).One or more discontinuous phases are

embedded in a continuous phase. The discontinuous phase is known as reinforcement and provides
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support and strength to the composite, whereas the continuous phase is known as matrix and holds
the reinforcement together. In the previous decade, many high-performance fibers such as carbon,
boron, graphite, and Kevlar have developed as a new generation of high-performance materials.
Carbon fibers have better strength and stiffness than other fibers but have limited extensibility and
low damage tolerance, whereas Kevlar fibers offer a higher degree of toughness and damage
tolerance and its hybridization might be a good solution to carbon fiber limits. (MilonHossain®",
M A Khan 2, R A Khan 3, Md. Abu BakarSiddiquee* and Tauhidul Islam 5 2015)

The utilization of two or more unique materials together in a single matrix is referred to as hybrid
composites. Hybrid composites have several unique characteristics that can be exploited to satisfy
the specific needs of the construction under consideration. In comparison to monolithic
composites, hybrid composites have provided technical improvements because to their better-
balanced features. Balanced strength and stiffness, balanced bending and membrane mechanical
properties, balanced thermal distortion stability, reduced weight and/or cost, improved fatigue
resistance, reduced notch sensitivity, improved fracture toughness and/or crack arresting
properties, and improved impact resistance are some of the advantages of hybrid composites over
monolithic composites (Md. MilonHossain®™ , M A Khan 2 , R A Khan 2 , Md. Abu
BakarSiddiquee* and Tauhidul Islam 5 2015).

There are various types of hybrid composites identified as:

1. Interplay- where two or more constituent types of fiber are reinforced together either
regular or random orientation

2. Sandwich hybrids or core-shell- in this type of composites one material is sandwiched
between two layers of another

3. Interplay or laminated, where alternate layers of the two (or more) materials are stacked
in a regular manner

4. Intimately mixed hybrids, in this type of composites reinforcing fibers are mixed randomly
to ensure homogenous distribution

5. Other kinds or super-hybrid which are based on organic polymer and metal matrix.

Matrix materials play crucial role in fabricating composite materials. Load is transferred to
reinforcement by matrix and provide the composites toughness, damage tolerance and impact
resistance. Thermo set and thermoplastics are two distinct types of matrixes commonly used in
polymeric composite materials. Thermo set matrices include PE, vinyl esters, epoxies,
bismaleimides, cyan ate esters, polyamides, and phenolicetc (Md. MilonHossain'™ , M A Khan ?
, R A Khan 3, Md. Abu BakarSiddiquee* and Tauhidul Islam s 2015).
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On other hand Polyetheretherketone (PEEK), polyetherketoneketone (PEKK), polyphenylene
sulfide(PPS), and PP are semi crystalline thermoplastics, while polyetherimide (PEI) is an
amorphous thermoplastic matrix. Matrices influences the ultimate thermo-mechanical
characteristics of the composite and also have a major influence on the interlaminar shear, and on
the in-plane shear properties (Md. MilonHossain*” , M A Khan 2, R A Khan ®, Md. Abu
BakarSiddiquee* and Tauhidul Islam 5 2015)

While thermoplastic matrices dominate the short fiber reinforced composite; the long and
continuous fiber reinforced composites are dominated by thermo set matrices due to their
suitability in impregnating the fiber reinforcement. Although they are used very widely but they
show some shortcoming such as low storage temperature, complex and long curing process etc.
result in defective manufacturing process. In this situation, thermoplastic matrices may be a good
option but higher processing temperature isrequired. Hence viscosities make the processing
difficult. In addition, cost of thermoplastic matrices is higher than thermo set. In this regard
variation in matrices affects the properties and processing of composite materials directly.(Md.
MilonHossain®* , M A Khan ? , R A Khan 3, Md. Abu BakarSiddiquee* and Tauhidul Islam ®
2015)

Drive shafts must be very strong and lightweight to improve the overall performance of the
vehicle; as a result, the automotive industry is investigating composite materials to achieve weight
reduction without noticeably lowering vehicle quality and dependability. To completely do away
with the assembly linking two-piece steel drive shafts, it is feasible to produce a composite drive
shaft in one piece. Other advantages of the composite drive shaft include less weight, quieter
operation, and decreased vibration. Because hollow round shafts can support more specific weight
than solid circular ones, they are frequently utilized(S V Gopals Krishna, B VV Subrahmanyam,
2013).

While the stress distribution is zero at the center and highest at the outside surface for solid shafts,
the stress variance is minimal for hollow circular shafts(Carloni, 2014). Hollow circular shafts are
preferred to solid circular shafts because the material at the center is not fully used in solid shafts.
Long power driver shaft (propeller shaft) applications seem to be best suited for advanced
composite materials. It is possible to modify their elastic characteristics to improve the torque and
rotational speed that they can support. It is well recognized that weight reduction is one of the
most efficient ways to achieve energy saving, one of the key goals in vehicle design(Zheng et al.,
2021).

A propeller shaft is made up of an assembly of one or more tube shafts connected by universal,

constant velocity, or flexible joints. The number of tube sections and the joints are both influenced

Page | 10



by the separation between the gearbox and the axle. In certain four-wheelers, the front wheels are
pushed by a second propeller shaft, which is identical to rear wheel drive for the rear wheels.
(ParshuramD,SunilMangsetty 2013)

In this case the second propeller shaft is replaced between a transfer gear box and the front axle.
Hence, it can be observed that a drive shaft is one of the most important components, which is
responsible for the actual movement of the vehicle once the motion is produced in the engine. The
designing of such a critical component is usually stringent, as any fracture in this part could lead
to as catastrophic failure of the vehicle when it is in motion (Parshuram D?*,Sunil Mangsetty?
2013).

2.2 Theoretical background of design analysis of propeller shaft

Muni Kishore et al.(2016) examined the characteristics of the propeller shaft to replace its material
with composite material and suitability of material by evaluating and comparing stress distribution
and deformation within the shaft to replace the steel drive shaft with a piece of E-glass/epoxy and
E-carbon/epoxy using the properties of the materials. Commercial programs like CATIA and
ANSYS are used for modeling and analysis. When weight savings, deformation, shear stress
generated, and frequency are taken into consideration, it is clear that the E-glass/Epoxy composite
among the three materials investigated has the most promising qualities to serve as a steel
substitute. They only looked at the relationship between stress distribution and propeller shaft
deformation, and they only used one type of composite material. They failed to take into account
factors such as fatigue analysis, corrosion resistance, vibrate analysis, dynamic analysis, etc. and
also used composite material E-glass/epoxy has low strength when we compare other epoxy and
also carbon/epoxy has low impact resistance but in this thesis I use hybrid composite material
carbon-kevlar epoxy which have high strength-to-weight ratio, high conformability, stiffness
while able to absorb energy, dimensional stability, have high impact resistance and have fatigue
resistance when compare to carbon and E-glass composite material propeller shafts.which was
one of the gaps that this thesis study used to identify.

The design and analysis of a composite driveshaft for power transmission have been researched
by Mohan et al. (2017). In order to achieve more efficiency, it also compares the convectional
two-piece drive shafts with various composite materials including S-glass, E-glass, and carbon
epoxy. Here, the goal is to improve mechanical characteristics including deflection, weight
reduction, shaft natural frequencies, and stress under applied load. It claims that due to the
composite material's better specific stiffness and strength, replacing convectional steel buildings
with them offers various benefits. Additionally, it used the CATIA and ANSYS tools for design
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and analysis. This study claims that replacing the convectional driveshaft reduces the weight of
the car, improving fuel efficiency. S-Glass epoxy composite material may be employed as an

alternative propeller shaft material, it has been determined.

They employed a single composite material and exclusively studied deflection, weight reduction,
and natural frequencies of the propeller shaft. They didn't analyze fatigue analysis ,vibration
analysis ,dynamic analysis or corrosion resistance, The used composite material E-glass/epoxy
has low rigid when we compare other epoxy, S-glass /epoxy has low rigid and also carbon/epoxy
has low impact resistance but in this thesis hybrid composite material carbon-Kevlar epoxy is used
which have high strength-to-weight ratio, high conformability, stiffness while able to absorb
energy, dimensional stability, have high impact resistance and have fatigue resistance when
compare to carbon and E-glass composite material propeller shafts. which is regarded a research
gap in this thesis study and may be filled utilizing two epoxy hybrid composites made of carbon-

Kevlar composite material .

S. Thennarasan et al., (2017) investigated the fundamental design requirements of torsion strength,
torsion buckling, and bending natural frequency. It takes four examples by winding different
layers of composite materials and conducting an experiment in which the steel plays a part in
transmitting the needed torque, whilst the E-glass epoxy composite enhances the bending and
natural frequency. According to the findings of this study, increasing the number of layers
improves maximum static torsion by 66% for +45/-453s laminates over pure aluminum and
reduces mass by 42% when compared to steel driveshaft. A one-piece hybrid composite complete
driveshaft is best studied using finite element ANSYS software, and the findings show that
employing composite materials may save weight by up to 30% when compared to structural steel.
According to the article, E-glass/epoxy composite has better weight-saving, deformation, shear
stress induced, and resonant frequency qualities than steel. Limited work is done on the basis of
increased specific stiffness, fatigue analysis, corrosion resistance; vibration analysis, dynamic
analysis utilizing two different epoxy hybrids, composite material made of Carbon-Kevlar epoxy
hybrid composite which have high strength-to-weight ratio, high conformability, stiffness while
able to absorb energy, dimensional stability, have high impact resistance and have fatigue
resistance when compare to previously composite material propeller shafts don from single
materials. and so on. they use E-glass/epoxy has Lowest Strength to Weight Ratio, Comparably
Lower Strengths than Carbon Fiber, and Less Rigid than Carbon Fiber and Kevlar epoxy.

D. Ganesh and K.H. Munde (2017) explored how the fatigue life of the generated composite

driveshaft is assessed and how design adjustment improves propeller shaft performance. The FEA
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study of a composite shaft with varied degrees of glass fiber orientation is investigated in this
work. It entails modeling the shaft with CATIA software.

Hyper mesh will be used for meshing and boundary condition application and ANSYS will be
used for fatigue analysis of the composite shaft. When compared to conventional material, the
composite material did not break after 22100 cycles after applying a moderate stress. They only
considered fatigue life and used a single composite material they use E-glass/epoxy has Lowest
Strength to Weight Ratio, Comparably Lower Strengths than Carbon Fiber, and Less Rigid than
Carbon Fiber and Kevlar epoxy. However, the focus of this thesis is on the enhanced specific
stiffness, corrosion resistance, vibration analysis, dynamic analysis, and other features of two
epoxy hybrid composites constructed from different epoxy which have high strength-to-weight
ratio, high conformability, stiffness while able to absorb energy, dimensional stability, have high
impact resistance and have fatigue resistance when compare to previously composite material
propeller shafts don from single materials. Based on this knowledge gap, it is vital to design and
test propeller shafts made of carbon-Kevlar epoxy hybrid composites rather than traditional

propeller shafts.

R. Srinivasa Moorthy et al., (2017) investigated the replacement of the traditionally used steel
driveshaft of vehicles with a suitable composite driveshaft using different fiber orientations such
as 00, 45, and 900 for the composite ply orientations, each with its own set of advantages. Torsion
strength, bending natural frequency, and torsion buckling were designed and analyzed for their
appropriateness after being made from composites of carbon/epoxy and Kevlar/epoxy by
comparing them with the convectional drive shaft under the same design constraints, and they
discovered that composite material takes precedence, so it is recommended for use. This study
clearly shows a weight reduction percentage of 89.756% when built from carbon/epoxy driveshaft
with nearly half the wall thickness of convectional steel driveshaft. They only investigated the
torsion strength, bending natural frequency, and torsion buckling of a propeller shaft made of a
single composite material carbon/epoxy has low impact resistance and | and also Kevlar/epoxy
Low Compressive Strengths. However, not only is weight decreased in this thesis study, but also
fatigue analysis, corrosion resistance, vibration analysis, dynamic analysis, and so on, by applying
two epoxy hybrid composites constructed from different epoxy. According to the study gap
researcher, it is necessary to design and test propeller shafts made of carbon-Kevlar epoxy hybrid
composite rather than traditional propeller composite material made of Carbon-Kevlar epoxy
hybrid composite which have high strength-to-weight ratio, high conformability, stiffness while

able to absorb energy, dimensional stability, have high impact resistance and have fatigue
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resistance when compare to previously composite material propeller shafts don from single

materials.

Esmael Adem et al. (2015)investigated the characterization of E-glass/Epoxy and E-glass-
/Polyester Composite Material. The compressive, shear, and flexural properties of the E-
glass/epoxy composite improve as the strain rate increases, but the tensile strength decreases. He
just used one composite material they use E-glass/epoxy has Lowest Strength to Weight Ratio,
Comparably Lower Strengths than Carbon Fiber, and Less Rigid than Carbon Fiber. However,
based on this research gap, two epoxy hybrid composites derived from different epoxy composite
material made of Carbon-Kevlar epoxy hybrid composite which have high strength-to-weight
ratio, high conformability, stiffness while able to absorb energy, dimensional stability, have high
impact resistance and have fatigue resistance when compare to previously composite material

propeller shafts don from single materials have been used to create and evaluate propeller shafts.

Hussain and Vino (2015) explored the substitution of convectional driveshaft material with several
alternative composite materials such as E-glass/epoxy, which resulted in a considerable weight
reduction of 28% when compared to structural steel shaft. Considering the weight savings,
deformation, shear stress created, and resonant frequencies, it is obvious that the E-Glass/Epoxy
composite has the most promising properties for use as a steel alternative of the two materials
studied. they use E-glass/epoxy has Lowest Strength to Weight Ratio, Comparably Lower
Strengths than Carbon Fiber, and Less Rigid than Carbon Fiber and Kevlar. However, minimal
research has been conducted with an emphasis on enhanced specific stiffness, fatigue analysis,
corrosion resistance, vibration analysis, and dynamic analysis, among other things, using two
separate epoxy hybrids composite material made of Carbon-Kevlar epoxy hybrid composite which
have high strength-to-weight ratio, high conformability, stiffness while able to absorb energy,
dimensional stability, have high impact resistance and have fatigue resistance when compare to

previously composite material propeller shafts don from single materials.

Asmamaw (2012) investigated a one-piece composite shaft optimized for E-Glass/Epoxy
composites using Finite Element Analysis Software, with the goal of minimizing shaft weight
while meeting constraints such as torque transmission, critical buckling torque capacity, and
bending natural frequency. He investigated changing the diameter and length and came to the
conclusion that selecting the lowest outer radius can save a large amount of bulk.

In contrast, he simply used one composite material. he use E-glass/epoxy has Lowest Strength to
Weight Ratio, Comparably Lower Strengths than Carbon Fiber, and Less Rigid than Carbon Fiber
In the thesis research, however, a carbon-Kevlar epoxy hybrid composite substitutes a regular

propeller shaft with a composite propeller shaft built of a different epoxy composite material made
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of Carbon-Kevlar epoxy hybrid composite which have high strength-to-weight ratio, high
conformability, stiffness while able to absorb energy, dimensional stability, have high impact
resistance and have fatigue resistance when compare to previously composite material propeller
shafts don from single materials. This study focuses not only on comparing torque transmission,
critical buckling torque capacity, and bending natural frequency propeller shafts, but also on
greater specific stiffness, fatigue analysis, corrosion resistance, vibrating analysis, dynamic

analysis, and other factors.

Lelisa (2019) researched the design and analysis of a composite driveshaft for power transmission
in order to achieve maximum efficiency, weight reduction, greater comfort, noise reduction, and
vehicle part complexity. This thesis is concerned with the replacement of a two-piece steel drive
shaft with a composite material made of E-glass fiber/epoxy in one piece, as well as the
experimental investigation of mechanical properties of composite material, such as tensile,
bending, and compression strength tests, by preparing specimens of composite shaft according to
ASTM using hand lay-up technique. He uses E-glass/epoxy has Lowest Strength to Weight Ratio,
Comparably Lower Strengths than Carbon Fiber, and Less Rigid than Carbon Fiber. The limited
work is done with a focus on enhanced specific stiffness, fatigue analysis, corrosion resistance,
vibration analysis, and dynamic analysis, among other things, using two distinct epoxy hybrids
composite material made of Carbon-Kevlar epoxy hybrid composite which have high strength-to-
weight ratio, high conformability, stiffness while able to absorb energy, dimensional stability,
have high impact resistance and have fatigue resistance when compare to previously composite

material propeller shafts don from single materials
2.3 Design criteria for propeller shaft

Basic terms and mathematical relations which are used while designing a propeller shaft are

discussed as follows.
» The shaft needs to withstand critical torsional buckling (Tcr) such that Te> T.
» The minimum bending natural frequency of the shaft (fn, (min)) = 80 Hz.
2.3.2Moment Inertia of Composite Hollow Shaft

The general formula for calculating the moment of inertia of a hybrid carbon-Kevlar/epoxy resin
composite propeller shaft is as follows(Nadaf & Raikar, 2017):

I:é[dg‘—d;‘] 2.1)

Where I=Moment of inertia and do=outer diameter of composite propeller shaft
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2.3.3Polar Moment of Inertia Composite Propeller Shaft

General formula for calculating the polar moment of inertia of a hybrid carbon-Kevlar/epoxy resin

The composite propeller shaft is as follows(Nadaf & Raikar, 2017):
J =21 (2.2)
Where I=Moment of inertia

2.3.4Maximum Shear Strain Composite Propeller Shaft

The general formula for calculating the maximum shear strain of a hybrid carbon-Kevlar/epoxy

resin composite propeller shaft is as follows(Nadaf & Raikar, 2017):

_TL
GJ

Where 7= Ultimate Torque,J= Polar moment of inertia and&= Shear modulus

¢ (2.3)

2.3.5Total Deformation Composite Propeller Shaft
The total deformation of a hybrid carbon-Kevlar/epoxy resin composite propeller shaft was
calculated using general formula.

o=¢xl (2.4)
Where @= Maximum shear strain
{=length of shaft

2.3.6Maximum Shear Stress, Composite Propeller Shaft
The maximum shear stress of a hybrid carbon-Kevlar/epoxy resin composite propeller shaft was

calculated using general formula(Salaisivabalan & Natarajan, 2016).

Td, 2.5)
T= .
J
Where: 7= Ultimate torque, &,=Outer diameter &/= Polar moment of inertia
2.3.7Torque Transmission Capacity of Propeller shaft(Nadaf & Raikar, 2017)
T GO T 26
r L] (2.6)
For hollowshaft(S. Mohan & M. Vinoth, 2016)
T
T =1z (d}—df) (2.7)
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For hollow shaft (S. Mohan& M. Vinoth 2016)
A
J =55 (dE—d}) 28)
The maximum torsional strength of the shaft is calculated by using the following equation from
equation (3.6).

Where: G = Shear Modulus in N/m?2.
O = angle of twist in radians.

| = length of shaft in m.

Thus, the torsional strength of the shaft will be calculated by(Nadaf & Raikar, 2017),
T GO T
T=T=7 (2.9)

2.3.8Torsional Buckling Capacity of the propeller Shaft (Ter)

As the shaft is designed based on static torque capacity, it is needed to calculate the buckling
torque to verify shaft is safe under buckling with current torque following equation gives us value
of torsional buckling capacity of shaft (Timoshenko & Gere, 1963).

1 Lt

\/TLLZ X 27 > 55

Where, r is mean radius

1 + T

(2.10)

For long shaft, the critical stress is given by,

3

E t\z
Ter = X (—) 2.11
cr 3\/?)((1—],12)3/4 r ( )
The relation between the torsional Buckling Capacity and critical stress is given by,

Ter = Ter X 22t

2.3.9 Bending Natural Frequency

The shaft is considered as simply supported beam undergoing transverse vibration or can be

idealized as a pinned-pinned beam. Natural frequency can be found using the Bernoulli’s-Euler
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theories. It neglects both transverse shear deformation as well as rotary inertia effects. Natural
frequency based on the Bernoulli-Euler beam theory is given by (Rao, 2002).
fop = Z—?ZM (2.12)
Where: fnp = natural frequency based on Bernoulli Euler theory, HZ
P =1, first natural frequency
r = mean radius of shaft
Ix =Area moment of inertia in x direction in m*
m1 = mass per unit length in kg/m
| = length of the shaftin m
E =Young’s modulus
The moment of inertia of hollow shaft is given by(Nadaf & Raikar, 2017)

I, = — (4% — d¥)(2.13
(= o2 (0 — d)(213)

The mass per unit length of the shaft is given by(Nadaf & Raikar, 2017)
m, = p(n/4)(d2 — d?) (2.14)
Where: p =Density of Mechanical properties of carbon-kevlar epoxy
do=Outer diameter shaft
i=Inner diameter of shaft
Therefore, upon substitution of equation (3.9) and (3.10) values in equation (3.8) bending natural

frequency can be obtained. Here, the fundamental bending natural frequency of steel shaft is

greater than the minimum natural frequency of the shaft assumed that is 80Hz.

2.3.10 Hooke’s Law

Generalized Hooke’s law for orthotropic material is given by:

o = [Ql{e} (2.15)

Where: [Q] = material stiffness matrix.
o = stresses and
€ = strains in material direction

2.4 Selection of Cross-Section

The drive shaft can be solid circular or hollow circular. Here hollow circular cross-section was

chosen because,
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» The hollow circular shafts are stronger in per kg weight than solid circular (Bhajantri et
al., 2014)
» The stress distribution in case of solid shaft is zero at the center and maximum at the outer

surface while in hollow shaft stress variation is smaller.

In solid shafts the material close to the center are not fully utilized. Here is prove that a hollow
shaft is stronger and stiffer than a solid shaft of same material, length and weight

Let,D: Diameter of solid shaft
Di: Outer diameter of hollow shaft
Da2: Inner radius of hollow shaft

For solid shaft, torque resisted is:

Since material, weight and length are same, Weight of the solid shaft is the same as weight of the

hollow shaft

nD,Lp (D} — D3)Lp

2.16
2 2 (2.16)
D? = D} — D?

For solid shaft, torque resisted(Ts) is,
_Jsxt _(mD*/32)t tmD?
5="R ="p2 " 16 @17
For hollow shaft, torque resisted(Tr) is:
(D} — D3)
Ty =——"7"7"+—7 2.18
Therefore, the ratio of hollow shaft torque resisted to solid shaft torque resistedwill be
Ty _Di—D3
—_— == 2.19
Ts D3 x D, (219

Substituting equ (3.13 & 3.14) in the above equation proves, hollow shafts are stronger and stiffer
than solid shafts of same material, length and weight. Hence hollow shaft is used for the design

purpose depending on its both stiffness and strength.
2.4.1 Torsional strength

Since the primary load on a drive shaft is torsion, the maximum shear stress (tmax) at the outer
diameter (do) and inner diameter (d;) of the shaft is given by(Nadaf & Raikar, 2017);
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—=— (2.20)

T]
?szexr (2.21)

T is the maximum torque applied in N-m, do and d; are outer and inner diameters of the shaft

respectively in m. Factor of safety (FOS).

Thus, the wall thickness of the hollow steel shaft:

t=1r,—r (2.22)
Tmax T

= 2.23
FOS 2mrt ( )

2.4.2 Torsional critical buckling (T¢r) for composite propeller shaft

When a hollow shaft is subjected to torsion for a certain amount of torsional load instability
occurs.lt is called torsional buckling load. Considering the hollow composite shaft as an isotropic

cylindrical shell, the buckling torque is given by Equation
Ty = (21r26)(0.272) (ExE3)"** (t/r) 154 (2.24)

Where: t = the overall wall thickness
r = the mean radius
ExandEy are the young’s moduli in ‘x’ and ‘y’ directions respectively

And T¢> T condition satisfied

2.4.3 Bending natural frequency

The drive shaft is idealized as a pinned-pinned beam. The lowest natural frequency is calculated
using the equation(Nadaf & Raikar, 2017)

T
£ = = JaE L./ WL (2.25)
£, == JE L /m L2 (2.26)

Here, the moment of inertia of hollow shaft is given by,

N

\S]

L VI
Ix =2 (d§ — ) (2.27)
The mass per unit length of the shaft is given by (Nadaf & Raikar, 2017)

my = p(r/4)(d2 — d?) (2.28)
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Bending natural frequency of carbon-kevlar/Epoxy Propeller Shaft

Where: fnp = the lowest natural frequency in hertz.
W/g= the mass per unit length,
I= the moment of inertia and

L = the length of the Propeller shaft
2.4.4 Specification of The Propeller Shaft Problem

To prevent whirling vibration, the propeller shaft's basic natural bending frequency should be
higher than 6,500 rpm and the torque transmission capability of the drive shaft for automobiles,
small trucks, and vans should be greater than 3,500 Nm. Due to space restrictions, the drive shaft's
outside diameter shouldn't be larger than 100 mm. The transmission system's drive shaft has to be

properly constructed to meet the parameters listed in Table 3.2 below(Nadaf & Raikar, 2017).

Table 2.1: Design requirements and specifications of existing model(Nadaf&Raikar, 2017)

Parameter Notation Value Unit

Ultimate Torque Tmax 3500 Nm

Max. Speed of Nmax 6500 Rpm
Shaft

Outer Diameter of Do 90 Mm
a shaft

Inner diameter of Di 80 Mm
a shaft

Length of shaft L 1250 Mm

Because the drive shaft would be subjected to dynamic stress, natural frequency will be an
important design issue; hence, dividing the drive shaft in two halves with an extra universal joint
at its center would raise the driveshaft's fundamental natural frequency. Vibration is the most
typical cause of drive shaft problems. The vibration problem can be solved by extending the shaft's
diameter; however, this raises its strength beyond what is necessary for torque carrying while also
increasing its inertia, which opposes the vehicle's acceleration and deceleration(Kumar et al.,
2016).

Additionally important in automotive applications is weight reduction. Drive shafts made of
composite materials will have a greater strength-to-weight ratio than metallic shafts. Additionally,
composites have higher dimensional stability because to their enhanced corrosion resistance,
substantial damping capability, and low coefficient of thermal expansion (Sivakandhan & Suresh
Prabhu, 2012).
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2.5 Finite Element Method (FEM)

Finite element analysis first developed in 1943 by R. courant; who used the Ritz method of
numerical analysis and minimization of vibration calculated to approximate solution to vibration
system shortly thereafter, a paper published in 1956 by turner, clough, Martine and top established
a boarder definition of numerical analysis. The Finite Element Analysis (FEA) is a numerical
method for solving problems of engineering and mathematical physics (Reddy et al., 2007). Useful
for problems with complicated geometries, loadings, and material properties where analytic
solutions cannot be obtained. In mathematics, the FEM is a numerical technique for finding
approximate solutions to boundary value problems for partial differential equations. It uses
subdivision of a whole problem domain into simpler parts, called finite elements, and variational
methods from the calculus of variations to solve the problem by minimizing an associated error
function (Reddy et al., 2007).

Finite element methods are numerical methods for approximating the solutions of mathematical
models. Mathematical models are mathematical problems formulated so as to precisely state an
idea of some aspect of physical reality (Hoe, 2015). A finite element method is characterized by
a variational formulation, a discretization strategy, one or more solution algorithms and post-
processing procedures, FEA uses a complex system of points called nodes which make a grid

called a mesh.

This mesh is programmed to contain the material and structural properties which define how the
structure will react to certain loading conditions. Examples of variational formulation are the
Galerkin method, the discontinuous Galerkin method, mixed methods, etc. (Eddy & Angeelal,
2017).

v Steps in Finite Element Implementation

The solution of a general continuum problem by the finite element method always follows an
orderly step-by-step process viz: Discretization of the Structure, Selection of proper interpolation
or displacement model, Derivation of Element Stiffness Matrix and Load Vectors, Assemblage of
Element Equations to Obtain the Overall Equilibrium Equations, Solution for the nodal
displacement and Computation of Element Strains and Stresses for structural problems (Sharma
etal., 2020).

2.5.1 Static Analysis

The representation of static system of equations, is expressed as (Kumar, 2021):
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K{D} = {F} (2.30)

There are multiple techniques to solve for global static displacement vector of all elements, {D}.
The Gauss elimination or LU decomposition methods are commonly used for solving the above

system of equations (Kumar, 2021).

For further analysis, the global displacement vector of element, {De}, is extracted from {D},
which is utilized to evaluate the local displacement vector of element, {de}, using the

mathematical relation expressed below (Kumar, 2021).
{de} = T{De} (231)

Finally, the static analysis provides the nodal stress, {ci}, calculated using {€;} from the expression

given below.

{Ue} = C{Ee} (2.32)

2.5.2 Modal Analysis

Modal analysis is also known as normal mode analysis, eigenvalue analysis, or eigenvalue
extraction. You can perform modal analysis in FEA to:

v" Determine the natural frequency and mode shape the structure will represent.

v Check communication between systems

v Understand that BC has been applied correctly to the system.

v’ Predict the dynamic response of the system
After all, the natural frequency must not match the frequency of the applied periodic load, which
will result in resonance, i.e., large deformation of the system or system failure. The natural
frequency of a structure depends on the mass and boundary conditions associated with the

structure, including its stiffness and its own weight (Abd Elsalam et al., 2017).

Modal analysis is a technique carried out using block lanczos method to obtain the modal

parameters (Abd Elsalam et al., 2017):

1. Natural frequency: the frequency at which the structure naturally tends to vibrate if
subjected to a pulse.
2. Mode shape: deformed shape of the structure will vibrate when excited at the specific

natural frequency.

2.5.3 Harmonic Analysis
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A harmonic analysis is used to determine the response of the structure under a steady-state
sinusoidal (harmonic) loading at a given frequency from the modal analysis (Chittilla et al., 2013).
Loads may be out of phase with one another, but the excitation is at a known frequency. For
automobiles, the low frequency noise and vibration problems radiated into the car caused by the
vibration of vehicle parts will not only seriously affect the ride comfort of the driver and
passengers, but also have a great impact on the driving safety and service life of the vehicle (Hatti

etal., 2021).

In order to obtain a more comfortable and safe driving and riding environment, and to improve
the market competitiveness of vehicles, it is extremely important to control the low frequency
noise radiated into the vehicle by the vibration of the automobile parts. The generation path of
low-frequency noise radiated by automobile parts. The car is driving on rough roads, and the
displacement excitation of the road is transmitted to the body vehicle parts through the tire—

suspension system.

Excitation generates low-frequency vibration and radiates low-frequency structural noise into the

car, causing serious discomfort to passengers and drivers (Liao et al., 2022).

A harmonic, or frequency-response, analysis considers loading at one frequency only. Loads may
be out of phase with one another, but the excitation is at a known frequency. This procedure is not

used for an arbitrary transient load (Wu et al., 2012).

To better understand a harmonic analysis, the general equation of motion is provided first (Aydin
etal., 2021):

M1{E + [1{2) + kW) = (F)

dx? dx

Where, /M] is structural mass matrix, /C/ is structural damping matrix, /K] is structural stiffness
matrix, d°U/dx’ is nodal acceleration vector, dU/dx is nodal velocity vector, U is nodal

displacement vector and F is applied load vector.

2.6 Research Gap

According to the findings of this study's literature review, almost all of the researchers used a
single composite material. They did not uses hybrid composite which have balanced strength
and stiffness, balanced bending and membrane mechanical properties, balanced thermal

distortion stability, reduced weight and/or cost, improved fatigue resistance, reduced notch
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sensitivity, improved fracture toughness and/or crack arresting properties, and improved impact
resistance when compare to single composite material (Radulovié, 2020).

The goal of this study is to evaluate the fatigue, impact, and shock resistance of automobile
propeller shafts using fatigue analyses, vibration analyses, and dynamic analyses of a two-piece
of Tata 2027 DI Ex for use rural construction work or bad topography ,rough road etc. Propeller
shaft composite material made of carbon-kevlar epoxy hybrid composite, which has a higher
strength-to-weight ratio, high conformability, stiffness while absorbing energy, dimensional
stability, high impact resistance, and fatigue resistance. Because hybrid composites are identified
by the use of two or more distinct materials combined in a single matrix. Hybrid composites
show some unique features that can be used to meet the exact requirements of the structure under
consideration. Compared to monolithic composite hybrid composites have given

technological advances because they provide more balanced properties.(Radulovi¢, 2020).

To assess the strength and behavior of engineering structures, the finite element technique, a
computer-based numerical approach, is utilized.
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CHAPTER THREE
MATERIALS AND METHODOLOGY

3.1 Introduction

This chapter includes a list of the sources used in the study. The many phases of the techniques
are also explained in this chapter. The most important section to look at when evaluating the
overall quality of any research distribution product is the materials and methods section since it
tells readers about the procedures, approaches, designs, and treatments employed in the study and
makes it possible to replicate the findings. A detailed literature research was used to help choose
the best working materials, learning strategies, and simulation software. The ideal selection of
working materials was used in the design of this investigation.

3.1 Design for hybrid Carbon-Kevlar /epoxy resin composite propeller shaft

During the design of a propeller shaft the following assumptions were made in calculations:

1. The shaft rotates at a constant speed about its longitudinal axis.
2. The shaft has a uniform, circular cross section.
3. The shaft is perfectly balanced, i.e., at every cross section, the mass center coincides with

the geometric center.

4. All damping and nonlinear effects are excluded.

5. The stress-strain relationship for composite material is linear & elastic
6. The shaft is assumed to be acting in a vacuum.

3.2 Materials

The tools utilized in this investigation were a meter to measure the propeller shaft's original length,
a caliper to measure its inner and outer diameter, a flash to capture soft cop pic material, and a
digital camera. propeller shaft will be photographed in its entirety using a camera.

3.3 Methodology

» Computer Aided Three-Dimensional Interactive Application is referred to as CATIA. The
program is much more than a simple CAD (Computer Aided Design) tool. This complete
software set includes CAD, CAE (Computer-Aided Engineering), and CAM (Computer-
Aided Manufacture). The propeller shaft diagram in this project was simulated using CATIA
V5

Page | 26



ANSYS was the second piece of software utilized to assess the design outcomes. It did so by
analyzing the analytical results of both steel and carbon-Kevlar epoxy composite propeller shafts.

This thesis work is focused with the design and analysis of a carbon-Kevlar/epoxy hybrid
composite propeller shaft, which entails analyzing the techniques employed and the theories or
ideas underlying them in order to create a strategy that is in line with the goals.The method
solution for the problem is performed in the following six stages: defining dimensions, material
selection, theoretical analysis, creating a solid model, finite element analysis, and comparative

study.

» Defining dimensions: Taking the dimensions of the pre-existing propeller shaft of the car
and using them for further calculation and analysis

» Material selection: selecting the feasible material for the propeller shaft of a car
considering the required parameters These include conventional materials as well as
different composite materials.

» Theoretical Design: Theoretical design is performed by using the basic concepts of
strength of materials.

» Creating a Solid Model: A three-dimensional solid model of the shaft is created on the
computer using CATIA 5 software. This 3D model is exported to ANSYS software for
performing finite element analysis.

» Finite Element Analysis: There are three main steps, namely, pre-processing, solution,

and post-processing.

In pre-processing (model definition), the geometric domain of the problem is defined, the element
type(s) to be used, the material properties of the elements, the geometric properties of the elements
(length, area, and the like), the element connectivity (the mesh of the model), the physical
constraints (boundary conditions), and the loadings.In the solution phase, the computed results are
then used to determine things like deformation and element stress, which are carried out
commercially.Post-processing is to be carried out on the finite element model of the Carbon-
Kevlar Epoxy composite drive shaft using ANSYS software.

Comparative study: weight reduced due to the use of composite drive shafts compared to steel

shafts, also suggesting different possible materials depending upon the comparison of composites.
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3.3.1 Data Collection

Data were gathered for this research from both primary and secondary data sources. Primary data

Length of propeller shaft 125Mm,Outer diameter 90Mm and Inner diameter 80Mm direct

measured from vehicle and secondary data book, Internet. The following strategies are employed

in thesis research to meet the goals of the thesis:

>
>

A relevant data was collected through literature review

An actual data was collected by observing and measuring the specifically selected
propeller shaft specification.

Design and analyses of theoretical calculation of the steel Propeller shaft and hybrid
Carbon-Kevlar epoxy propeller shaft is done.

The 3D model ofthe existing and hybrid Carbon-Kevlar propeller shaft is done using
CATIA.

Finally, the analysis for the existing and the new propeller shaft is conducted byusing
ANSYS

~
=>( Primary and secondary data =>[ Conceptual Design ]q—-_
collection ﬂ

[ Numerical analysis }<:{ 3D modelling ]

No

Check for
validity

4"

[ Conclusion ]

Figure 3.1:Block diagram of the methodology

3.4 Vehicle Specification

The design of the composite propeller shaft is done for Tata 207 DI Single Cabin Pickup which

uses two-piece propeller shaft. According to the owners, when compared to other vehicles, the

majority of this vehicle’s propeller shafts suffer damage from corrosion, high fatigue, high

bending, high impact, high vibration, high compressive loading, and severe shock loading.
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Figure 3.2: Tata 207 DI Single Cabin Pickup
Tata 207 DI Single Cabin Pickup

Designed for urban as well as rural use, the 207 DI is packed with safety features that make for
better stability and ease of handling. With the highest ground clearance in its category, and larger
tires for more traction, the 207 DI is the ideal multi-terrain, multi-application vehicle which
marries high performance with low maintenance requirements. Select a variant below for more

details

Table 3.1: Specification of TATA 207 DI single cabin diesel
Driveline — Engine
Model TATA 207
DI
Type Water-

cooled,
Direct
injection,
Diesel
Maximum Engine Output 65hp @ 2800

rpm

Maximum torque 180 Nm at
1500 - 2000
rpm
2956¢c

Performance

Speed 100 kmph
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Gradability 24%

Minimum turning circle dia. 15
(mm)

GVW 2950
Capacity

3.5 Material Properties of Carbon-Kevlar/Epoxy Hybrid Composite

Table 3.2:Material Properties of Carbon-Kevlar/Epoxy Hybrid Composite (Parshuramé& Sunil,

2013)

Property Symbol Units Values
Longitudinal Modulus Ell GPa 123.6
Transverse Modulus E22 GPa 7.4
Shear Modulus G12 GPa 4.28
Poisson’s Ratio v -—-- 0.328

Density p Kg/m?3 1470
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CHAPTER FOUR

DESIGN, MODELING AND ANALYSIS OF THE PROPELLER
SHAFT

4.1 Introduction

Modeling of the existing and the composite propeller shaft is carried out in CATIA V5 and its
analysis is performed in ANSYS. Basic dimensions of the existing model are taken by direct
measurement whereas the dimension of the composite propeller shaft is obtained from the
analytical design which is included under this chapter. The analysis which is done on ANSYS are
static structural, transient structural, modal analysis, harmonic analysis, rigid dynamics and

random vibration. Each of the analysis systems are discussed in the result and discussion part.

4.2 Design of Hybrid Carbon-Kevlar /Epoxy Resin Composite Propeller Shaft
The following assumptions were made in calculations:

1. The shaft rotates at a constant speed about its longitudinal axis.

2. The shaft has a uniform, circular cross section.

3. The shaft is perfectly balanced, i.e., at every cross section, the mass center coincides with
the geometric center.

4. All damping and nonlinear effects are excluded.

5. The stress-strain relationship for composite material is linear & elastic; hence, Hooke’s
law is applicable for composite materials.

6. The shaft is assumed to be acting in a vacuum.
First, the fibers are selected to provide the best stiffness and strength beside cost consideration.

4.2.1 Moment inertia of composite hollow shaft
V4
| =—=|ds —d/ 4.1
= la:—a] @)

Where: I=Moment of inertia

do=outer diameter of propeller shaft

di=Inner diameter of propeller shaft

According to table 4.2 outer diameter and inner diameter of the shaft is taken as 90mm and 80mm

respectively. So, substituting in the equation gives,

3.14
I = or [0.09* — 0.08*] = 0.0000013m*
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The physical size of the hybrid carbon-Kevlar/epoxy resin composite propeller shaft is
0.0000013m*.

4.2.2 Polar Moment of inertia composite propeller shaft

J =2l (4.2)
J = 0.0000024 m*

4.2.3 Maximum shear strain composite propeller shaft

_TL

=53

(4.3)

Where: T= Ultimate Torque
J=Polar moment of inertia
G= Shear modulus
T=3500Mpa Ultimate Torque
G=4.28Gpa

Therefore, the maximum shear strain of the composite propeller shaft is 0.4259 m/m?.
4.2.4 Total deformation composite propeller shaft

§=0xlI (4.4)
Where: @= shear strain
0= Length of shaft
€= 1250mm

Therefore, the total deformation of the composite propeller shaft is 0.0156m.

4.2.5 Maximum shear stress, composite propeller shaft

_ Td,
J

T (4.5)

Where: T= Ultimate Torque
do=0uter diameter
J=Polar moment of inertia

Substituting in the equation,t

3500 x 0.09

T = 0.000008164m2 _ o1MPa
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4.3 Design Criteria for Propeller Shaft

4.3.1 The maximum torsional strength

T GO _ T 16
Tt
J = 55 [dd - df] (4.7)
T
I=3 [0.09% — 0.08%] = 2.41 x 10~ 5m*
And
Ty +71;
r=2_"1 (4.8)
2
0.045 + 0.04
r=————=0.0425m
2
The shear stress can be calculated as
_ GXOXr 49
T= L ( . )
Where: G = Shear Modulus in N/m?
© = angle of twist in radians and L = length of shaft in m.
Now
_ 80x 107 x51/180 X 0.0425 _ ., o6y
= 1.250 = a3 /m
And
L r 4,10
r - ] ( " )
_ 237.24 X 10°N/m? x 2.41 x 10°m* _ 13425 9N
= 0.0425m = m
4.3.2 Torsional Buckling Capacity of the Propeller Shaft (Tcr)
If
! X Lt > 5.5 411
J1—pz @r) . (#11)
Where, r is mean radius
T, +1;
r= > = 0.0425m
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And the thickness is
t=1,—1;=0.005mm

Let substitute the values in the equation (4),

1 (1.25)2(0.005)
-3y X 2% 0.0425)3

13.65 > 5.5 so it is long shaft

> 5.5

Therefore, it is called as long shaft otherwise it is called as short or medium shaft. For long shaft,

the critical stress is given by,

3

T =3 (1E_ worTke (;)2 (4.12)
Tor = 2140 X 106N /m?
The relation between the torsional Buckling Capacity and critical stress is given by,
T = Tep X 2Tr2t (4.13)
T, = 2140 x 10%(21)(0.0425)2(0.005)
T = 119,935.77Nm
Hence T¢>T, the condition is satisfied. Therefore, the design is safe.
4.3.3 Torsional strength
t.% (4.14)
r 1
T]/t=GXx0Xr (4.15)

_ 370Mpa x 51/180 x 0.0425

t 1.250

T=10.97 X 10°N/m?

T is the maximum torque applied in Nm. do and d; are outer and inner diameters of the shaft
respectively in m. Factor of safety (FOS) of 6,

r =0.0425m

Thus, the wall thickness of the hollow steel shaft:
t=1,—r17; (4.16)

t = 0.045m — 0.04m = 0.005m = 5mm
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And it is known that the maximum shear stress is 10.97Mpa.

Tmax — T
FOS 2mr?t

(4.17)

Tmax = 10.97Mpa and for a factor of safety of 6
7%t = 4.44005 X 10™°m
Thus, t > 1.06x103m.Since the thickness of each ply is 0.13 mm, the number of plies used is

1106 X 107%m
=013 x103m

4.3.4 Torsional critical buckling (Tcr) for composite propeller shaft
Ter = (21r2t)(0.272) (ExES) 25 (t /r) 154 (4.18)
T, = (2 X 3.14 x 0.0422 x 0.005)(0.272)(123600 x 74003)%25(0.005/0.0425)->4

T.. = 34228.12Nm

Where: t = the overall wall thickness, r = the mean radius, and Exand Ey are the young’s modulus

in ‘x” and ‘y’ directions respectively. Since T¢> T, the condition is satisfied.

4.3.5 Bending natural frequency

T
fnb = E\/ .gExIx/VVL4 (4-19)
T
fab = 2V Eyl./myL* (4.20)
The moment of inertia,
T 4 4
Ix = 64 (do — di) (4.21)
3.14
Iy = H(0.094 —0.08%) = 1.2 x 1075m*

The mass per unit length of the shaft is given by;

my = p(n/4)(d3 — d}) (4.22)
m, = (1470)(0.785)(0.09* — 0.08%) = 1.96kg/m

Thus, bending natural frequency will be

T
far = 5/123.6 X 10° x 1.2 X 1076/1.96 x (1.25)* = 177Hz

Therefore, bending natural frequency of carbon-kevlar/Epoxy Propeller Shaft is 177Hz.
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Where: fnp = the lowest natural frequency in hertz.
W/g = the mass per unit length,
I= the moment of inertia and

L = the length of the Propeller shaft

Upon substitution, fi,=177 Hz (> 80 Hz).Thus, the designed carbon-kevlar/epoxy composite

propeller shaft meets all the requirements.

4.3.6 Mass of hybrid carbon-kevlar composite
m =m; X Ly, (4.23)
4.3.7 Critical Speed of Shaft

The critical speed of the shaft (N¢r) and natural frequency (fn,) are related by using equation
N = 60f,,
Ne = 60 X 177
N = 10620rpm
Therefore, the critical speed of the shaft is 10620 rpm which is more than the maximum speed of

the transmission system.
4.3.8 Fatigue Analysis of Composite Drive Shaft
v" Design of shaft against fatigue loading

To find bending moment in the shaft, it is assumed that only the force due to self-weight of the

shaft is acting on the shaft. It is acting at the centered the shaft.
P =mg (4.24)

Central distance of propeller shaft is 1250mm and the maximum bending moment is 7500Nmm.

4.4 Modeling of the Propeller Shaft

There are three basic steps in formulating finite element analysis. These are pre-processing,
solution and post processing. The pre-processing step includes: define the geometric domain of
the problem, the material properties of the element, the geometric properties of the elements
(Length, area, and the like), the element connectivity (mesh the model), the physical constraints
(boundary condition) and the loading. The next step is solution. The computed results are then
used to determine like deformation and element stress which carried out by commercial software.
The final step is posting processing, the analysis and evaluation of the result is conducted in this
step. Specific procedures of pre and post processing are different up on the program (M. Mahesh
Babu and Dr.N. Ramesh (2018).
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4.4.1 CAD Modeling of the Existing Model

In order to do the numerical analysis, the necessary dimension for the existing propeller shaft is
taken from direct measurement. Then, using the dimension the existing model is prepared with
full scale. The geometry is created using CATIA V5 and the entire analysis and the post-
processing is performed in ANSYS Workbench. The detailed process involved in geometry
creation, mesh generation and the strategy used for optimization are explained in the subsequent

sections.

The existing propeller shafts is a two pieces of steel shaft. It has six main parts these are front
yoke, rear yoke, slip yoke, three universal joints, two shafts and a center bearing. All of these parts
are modeled and assembled to be used for the analysis.

» Front and Rear Yoke

Figure 4.1:Different view of the yoke modeled using CATIA
» Slip Yoke

It is a Splined output shaft which allow for changes in driveline length by sliding in and out. The

outer diameter is machined smooth, providing a bearing surface for the bushing and oil seal.

N il
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Figure 4.2:Different view of the yoke modeled using CATIA
» Universal Joints

It provides swivel connection capable of transferring a turning force between shafts at an angle to
one another. It is made of two Y-shaped yokes, connected by a cross. Bearings on each end of the
cross allow the yokes to swing into various angles while turning. Since the existing propeller shaft
is a two-piece shaft three universal joints are used. Figure 4.3 (a & b) shows the universal joint

used at the front and at the middle. The rear universal joint is the same as the front one.

Figure 4.3:(a) Universal joint at the front and (b) the intermediate universal joint

€ =

Figure 4.4:Cross or spider created using CATIA

> Drive shafts

It is a hollow steel tube with permanent yokes welded on each end. The existing propeller shaft is

a two-piece shaft.

\

Figure 4.5:The front drive shaft created using CATIA
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Figure shows the front drive shaft with a splined shaft at its front. The splined shaft integrated
with the slip yoke to allow changes in driveline length by sliding in and out.

&

>

Figure 4.6:The middle drive shaft created using CATIA
» Center Bearing

Since the existing model is a two-piece shaft center bearing is needed to support the drive shaft.

Figure 4.7:The middle drive shaft created using CATIA

Figure 4.8 shows the assembled regenerative shock absorber. the regenerative shock absorber is

designed based on the load distributions and the results obtained from the coil spring analysis.
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Figure 4.8:The existing drive shaft assembly created using CATIA
4.4.2 CAD Modeling of the Modified Model

Three modified models were prepared in order to consider all the necessary conditions and to
select the better model. All the necessary dimension for the modified propeller shaft is taken from
the results obtained in the design calculation. Then, using the dimension the model is prepared
with full scale. Like that of the existing model, the modified geometry is created using CATIA

V/5.The three modified models are:

v' Two-piece modified propeller shaft
v One-piece modified propeller shaft without center bearing
v One-piece modified propeller shaft with center bearing

Case 1: Two-piece modified propeller shaft

The two-piece modified propeller shaft looks like the existing model but they are different in terms

of their thickness. There dimensions are given in Appendix.

S

Figure 4.9:Two-piece modified propeller shaft
Case 2: One-piece propeller shaft without center bearing

As it is discussed in the literature review one piece propeller shafts are better in terms of vibration
and weight. Therefore, that is why a single propeller shaft is used to compare its performance with

the existing model.
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Figure 4.10: One-piece modified propeller shaft without center bearing
Case 3: One-piece propeller shaft with center bearing

In this case a center bearing is integrated on the one-piece shaft to analyze its effect on the
performance of the propeller shaft.

VR IRTR |

Figure 4.11: One-piece modified propeller shaft with center bearing

4.5 Analysis of the Propeller Shaft
4.5.1 Geometry Creation

The geometry of the existing and the modified propeller shafts are imported to ANSYS workbench

in IGES format. Figure 4.12-4.16 shows the geometries after imported to ANSY'S workbench in
IGES format.
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Figure 4.12: The Geometry of the existing shaft after imported to ANSYS

Ansys

2022 R1

Figure 4.13: The Geometry of the one-piece modified shaft after imported to ANSYS

Ansys

2022 R1

Figure 4.14: Geometry of the one-piece modified shaft with center bearing imported to ANSYS
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Figure 4.15: The Geometry of the two-piece modified shaft after imported to ANSYS

MAnsys
Ansys Aners ot

&

() ©

Figure 4.16:(a) Slip yoke and front flange, (b) Center bearing and middle universal joint and (c)

rear universal joint
4.5.2 Mesh Generation

Mesh generation is the method in which the geometry is divided in small number of elements. A
structure consists of infinite number of particles or points hence they must be divided in to some
finite number of parts. In meshing components divided into finite numbers. Dividing helps to carry
out calculations on the meshed part. The component by is divided by nodes and elements. The

components are going to mesh using 3D elements.

The results of the analysis can be affected by the mesh on the geometry. Therefore, it is important
that the surface mesh resolves all relevant details of the geometry and satisfies the requirements
of the physical models used in the simulation (Lanfrit, 2005).In order to obtain a good result, a
fine mesh of unstructured triangles was put on the geometry of the propeller shaft. Figure 4.17 (a-

d) shows the generated mesh for the existing and the modified model.
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Figure 4.17:(a)The mesh generated on the existing assembly, (b)The mesh generated on one-
piece modified assembly, (c)The mesh generated on the one-piece modified assembly with

center bearing, (d) Closer look at the mesh generated on the assembly

The other thing that must be considered here is quality of the mesh. As it is mentioned in Fluent
User's Guide the quality of the mesh plays a significant role in the accuracy and stability of the
numerical computation. According to Fluent User's Guide Minimum orthogonal quality is an
important indicator of mesh quality. Values for orthogonal quality can vary between 0 and 1 with

lower values indicating poorer quality cells. The figures given below shows quality of the mesh
for each case:

Mesh
Elernent Quality I\ y
g820/2023 2:35 PM ns s
2022 R
0.99995 Max

0.897

0.72405

0.69M

05335
048519
033224
027329
017634
0.073389 Min

Figure 4.18: The quality of the generated mesh for the existing assembly
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Mesh
El Quali I
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2022 R1

. 0.99008 Max
0.8977y

— 079557
— 0.69336
— 0.59116
— 04829
— (0.38675
— 0.25455
018234
0.080139 Min

Figure 4.19: Quality of mesh for one-piecemodified shaft with center bearing

Mesh
Elernent Quality I\ y
Q252043 142 PR ns s

2022 R1

. 0.99998 Max
0.89777

— 079557
— 0.69336
— 0.59116
— 0.4589
— 0.38675
— 0.28455
018234
. 0.080139 Min

Figure 4.20: Quality of mesh for one-piece modified shaft without center bearing

Mesh
Elernent Quality I\ y
97272023 1:36 PM ns s

2022 Rl

. 0.99993 Max
0.8%623

— 075402
— 0.65107
— 0.385812
— 048517

01761
. 0.073359 Min

Figure 4.21: Quality of mesh for two-piece modified shaft
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In general, the minimum orthogonal quality should not be below 0.01 with the average value
significantly larger. As it is shown in Figure 4.18-4.21, the minimum quality of the mesh is
0.073389, 0.080139,0.080139 and 0.073359 respectively which is greater than 0.01. Therefore,
the quality of the mesh is as per the standard given in Fluent manual. Therefore, it is possible to

proceed to the next step.
4.5.3 Grid Independence Test

The choice of mesh size is always a critical thing in most of numerical analysis; hence it isone of
the most influencing factors which determine the computational time and accuracy(Ali, 2017).
Therefore, it is important to choose an optimum mesh size. A typical way of choosing mesh size
is predicting the sensitivity on results (Wagner, 2018). In this case, the effect of mesh size on total
deformation and on the value of maximum stress is studied and the mesh size is selected
appropriately. The results of grid independence test are summarized in the tables given below. In
order to do the grid independence test angular velocity is applied as a load. The magnitude of the
load on the existing model, on the two-piece modified model, on the one-piece modified model
without center bearing and, on the one-piece, modified model with center bearing is 314 rad/s,

105 rad/sec and 523 rad/sec respectively.

Table 4.1: Grid independence test of the existing model assembly

Maximum deformation | Maximum stress
Mesh Nodes Elements
(mm) (MPa)
1 51013 27436 1.4498 56.306
2 59792 30622 1.1065 55.096
3 66706 35811 1.1360 55.668
4 87450 47097 1.2042 54.907

Table 4.2: Grid independence test of the two-piece modified model assembly

Maximum deformation | Maximum stress
Mesh Nodes Elements
(mm) (MPa)
1 50790 27269 1.4726 10.213
2 54903 29621 1.3275 11.113
3 56827 30647 1.5011 9.940
4 66590 35720 1.4193 10.292
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Table 4.3: Grid independence test of one-piece modified model without center bearing assembly

Maximum deformation | Maximum stress
Mesh Nodes Elements
(mm) (MPa)
1 31637 16832 0.20098 1.71774
2 38730 20733 0.21478 1.71542
3 40663 22073 0.28081 1.94205
4 54347 29548 0.29471 1.92092

Table 4.4: Grid independence test of one-piece modified model with center bearing assembly

Maximum deformation | Maximum stress
Mesh Nodes Elements
(mm) (MPa)
1 32866 17334 1.1583 515.04
2 40038 21223 1.5354 506.49
3 41890 22512 1.6625 520.46
4 55715 30048 1.6169 541.60

As itis seen from Table 4.1-4.4, the maximum deformation deviation between the values obtained
in mesh 3 and mesh 4 is 6.0%, 5.4%, 3.5% and 2.7% respectively. Additionally, the maximum
stress deviation is 1.36%, 3.54%, 1.08% and 4.06% respectively. Therefore, since the variation is

very less mesh 4 is applied for all the cases.
4.5.4 Boundary Condition

Since the propeller shaft has a rotational motion, a proper joint has to be applied for the analysis.
The applied joints are similar for all cases. As it is shown on the CAD modeling three universal
joints are used for both two-piece existing and modified shafts. Whereas only two universal joints
are used for the one-piece modified shaft. There are three basic joints applied on finite element
model of the propeller shaft to get the right dynamics property. These are revolute joint, fixed
joint and translational joint. Basically, the boundary condition is applied to the front yoke, rear
yoke, universal joints, slip yoke and center bearing. Figure 4.22-4.28 shows all the joints applied
on the existing model. The same procedure is followed to set the joints of all the modified models

as well.

> Front and Rear Yoke

Page | 47



Both the front and the rear yoke are subjected to moment and as a result they rotate. Therefore, in
order to do the analysis and get a correct result, it is needed to set a revolute joint at both ends.

Figure 4.22 — 4.23 shows the revolute joint applied at the front and rear yoke respectively.

Revolute - Ground To PartBody
8/20/2023 3:54 PM

Figure 4.22: Revolute joint at the front yoke

Revolute - Ground To PartBody
8/20/2023 4:00 PM

Figure 4.23: Revolute joint at the rear yoke

As it is shown in Figure 4.22-4.23 both the yokes can rotate along the Z-axis. Therefore, the

analysis can be done at various conditions.
» Universal Joints

On the existing propeller shaft three universal joints are used and the boundary condition applied

to all is similar.

General - PartBody To PartBody
8/20/2023 410 PM

Figure 4.24: Revolute joint between the yoke and the cross
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Since it provides swivel connection capable of transferring a turning force between shafts at an
angle to one another, a revolute joint is applied to all. Figure 4.24-4.26 shows the revolute joint

applied on the universal joint.

As it is shown in Figure 4.25 the cross and the front yoke have a relative rotation along the lateral

direction which is Y-axis because of the revolute joint applied between them.

General - PartBody To PartBody
B/20/2023 476 PM

Y

"R e
Figure 4.25: Revolute joint between the slip yoke and the cross

Figure 4.25 shows that there is a relative rotation along the vertical axis between the cross and the

slip yoke.
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Figure 4.26: Revolute joint between the two propeller shafts

» Slip Yoke

As it is being explained before the slip yoke is a Splined to allow for changes in driveline length
by sliding in and out. Therefore, to maintain this a translational joint is applied between the slip

yoke and the drive shaft.

General - PartBody To PartBody
B/20/2023 4:22 PM

Figure 4.27:Translational joint between the slip yoke and the drive shaft

As it is shown in Figure 4.27, a translational joint is applied between the splined section. As is
seen from the diagram, X is checked and it implies that there is a translational motion along the

X-axis.
» Center Bearing

The center bearing is used to support the drive shaft. Two basic joints are applied at the center
bearing, these are revolute joint and fixed joint. As it shown in Figure 4.28 (a), revolute joint is
applied between the drive shaft and the center bearing because the drive shaft will be rotating in
the center bearing.

General - PartBody To PartBody
BR0V2023 433 PM

Fixed - Ground To PartBody

Ox 82072021 429 PM
|:|~.r
iz
= 0
|:||w |:|2
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[ Rx
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ez
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Figure 4.28:(a) Revolute joint between the drive shaft and the center bearing, (b) Fixed joint

between the center bearing and the vehicle’s frame

The center bearing is fastened with the vehicles frame to support the drive shaft. Therefore, as it
is shown in Figure 4.28 (b) a fixed joint is applied between the center bearing ang the vehicle’s

frame.

The maximum torque and angular velocity of the engine are taken as a load applied on all cases
of the propeller shaft. As it is given on the vehicle’s specification the maximum torque of the
engine is 180Nm at 1500 rpm to 2000 rpm which is taken for the analysis on both the existing and
modified models of the shaft. Additionally, the idle speed and the maximum speed of the engine
is taken for the analysis. The simulation is considered at three different angular velocity of 1000
rpm, 3000 rpm and 5000 rpm.

© (@

Figure 4.29: (a)Torque applied on the existing shaft, (b)Angular velocity applied on the two-
piece modified shaft, (c)Angular velocity applied on the modified one-piece shaft with center
bearing (d)Angular velocity applied on the modified one-piece shaft without center bearing.

Since all of the models have the same loading condition, Figure 4.29 shows only a single condition
applied on each model but all of the four-conditions are applied on each model for the analysis.
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CHAPTER FIVE
RESULT AND DISCUSSION

5.1 Introduction

The FEA was performed by simulating the existing and the modified assembly under actual
loading conditions. First, the Static analysis is conducted on the 3D model of the propeller shaft
to evaluate deformation and stress responses. Then, Modal analysis evaluates the characteristics
of vibration such as natural resonance frequencies and corresponding mode shapes. The stress
frequency response is generated after performing the harmonic analysis on the shaft. Dynamics
and performance of the propeller shaft is analyzed over practical frequency range of 0 Hz to 1000

Hz. The results led to identification of the better model from the given cases.

5.2 Rigid Dynamics of the Existing and Modified Model

Dynamics problem can be solved by implicit and explicit methods to obtain the response of
structures under dynamic loads. In some cases, when deformation of material is not the main
concern, but the rigid motion is the response which is needed, rigid dynamics is the right path.

This applies when:

v Objects are very stiff.

v" Deformation of material points is not important.

v You are dealing with a large-scale, complex system

v’ Different rigid parts are linked by joints/contacts.
Unlike dynamics for flexible bodies which looks for deformation at each material point, rigid body
dynamics looks for the rigid motion of the system. Especially, it solves for relative displacement

between different parts.

Therefore, in the case of the existing and the modified propeller shafts different parts are linked
by three main joints. These are revolute joint, fixed joint and translational joint. In all cases
universal joint is used to provide swivel connection capable of transferring a turning force.
Additionally, splined slip yoke which allow for changes in driveline length by sliding in and out
is used. With all these integrated parts and joints, the power needed to drive the vehicle should be

delivered to the wheels. In order to achieve this, the propeller shaft should have a smooth rotation.
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Therefore, rigid dynamics is used to solve the relative motion between the shaft and the joints.
The propeller shaft should transmit the torque from the engine to the differential. As it is discussed
under chapter 4 all the boundary conditions were applied and checked whether all the joints are

linked with the shaft properly or not. The first step in this analysis is setting all the required the

joints. Figure 5.1-5.4 shows the connection applied to the existing and modified model.

Figure 5.1:Jointconnection of the existing model

Figure 5.2:Jointconnection of the two-piece modified model

Figure 5.3:Jointconnection of the one-piece modified model without center bearing
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Figure 5.4:Jointconnection of the one-piece modified model with center bearing

The connections shown in Figure 5.1-5.4 are very essential to create the respective rotational
motion on all the models of the propeller shaft which results an acceptable result. After this, the
input load is applied at the front flange which is connected to the gearbox and then the output load
at the outer flange is analyzed. If the connections are correct the input load have to be equal with

the output load.

(@) ()

© @)
Figure 5.5: Angular velocity applied at the front flange of (a)the existing model (b) two-piece

modified model (c)one-piece modified model without center bearing (d) one-piece modified
model with center bearing
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As it is shown on Figure 5.5 (a-d) angular velocity is applied at the front flange of each model.
The angular velocity applied on the existing model, two-piece modified model, one-piece
modified model without center bearing and one-piece modified model with center bearing is
100rad/sec, 314rad/sec, 420rad/sec and 523rad/sec respectively. As it seen from the diagram
different angular velocity values are used but since the values are given to check if the joints are
linked right or not, it has no effect on the analysis.

If the connections at the joints are right the input and the output values have to be similar. To
check this, the output value is taken for the rear flange. As it is known since the rear flange is

connected to the differential, taking the output from this part of the propeller shaft is logical.

(© @

Figure 5.6: Output angular velocity applied at the rear flange of (a) the existing model (b) two-
piece modified model (c) one-piece modified model without center bearing (d) one-piece
modified model with center bearing

Figure 5.6 (a-d) shows that the rear flange of each model is selected to see the angular velocity

delivered to the differential. The output results are shown in Figure 5.7 (a-d).
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Figure 5.7: Output angular velocity at the rear flange of (a) the existing model (b) two-piece

modified model (c) one-piece modified model without center bearing (d) one-piece modified

model with center bearing

As it is seen from Figure 5.7 (a-d) the output angular velocity is the same as the input value at any

time. This implies that the applied boundary conditions at each model is correct and the results

obtained from the analysis is acceptable. Therefore, it is now possible to do the numerical analysis.

5.3 Static Structural Analysis

The static analysis is conducted to see how the existing and the modified propeller shaft responds

when subjected to a static loading. The results obtained from this analysis is used to compare and

select the better design from the given modified alternatives. From the static analysis three results

were taken, these are total deformation, equivalent (Von-Misses) stress and elastic strain. The

analysis is carried out at three different angular velocity of the propeller shaft which are 1500rpm,
3000 rpm and 5000 rpm.
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These values are taken by considering the angular velocity at which the propeller shaft is subjected
to maximum torque which is 180Nm at 1500 rpm and by considering the maximum angular
velocity. Therefore, based on the applied load, the results obtained from the analysis are given as

follows.

5.3.1 Total Deformation

Deformation refers to the change in size or shape of an object. In ANSYS Workbench there are
two types of deformation these are total deformation and directional deformation. Both
deformations are used to find displacement through stress. Directional deformation acts in
directions like X, Y and Z. In the case of total deformation, it is the square root of the total of the
square of X, Y & Z direction (Balwant, 2020).

Total deformation = X2 + Y2 + Z2

Figure 5.8-5.13 shows the total deformation of the existing and the modified propeller shaft at
angular velocity of 1500rpm, 3000rpm and 5000rpm. The existing propeller shaft is made of steel,
whereas all of the modified propeller shafts are made of Carbon-Kevlar/Epoxy Hybrid Composite.

© @)

Figure 5.8: Total deformation at 1500rpm for (a) the existing model (b) two-piece modified
model (c) one-piece modified model without center bearing (d) one-piece modified model with

center bearing
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As it is seen from Figure 5.8 (a-d), the results of the total deformation of the existing and the
modified propeller shafts are calculated at 1500rpm. From the results it can be seen that total
deformation of the existing propeller shaft is maximum at the same load, which is about
1.6932mm. Additionally, from the given alternatives of the modified propeller shafts total
deformation is minimum on the modified one-piece propeller shaft without center bearing two-

piece modified model with a value of 1.1101mm.

@

028253
02119
014127
0.070634
0 Min

(© @)

Figure 5.9: Total deformation at 3000rpm (a) the existing model (b) two-piece modified model
(c) one-piece modified model without center bearing (d) one-piece modified model with center

bearing

0.92131
| 0.69003 .
0.46066 I<z
0.23033
0 Min

Figure 5.10:Total deformation of the existing propeller shaft at 5000rpm
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Figure 5.11:Total deformation of the modified two-piece propeller shaft at 5000rpm
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Figure 5.12:Total deformation of the modified one-piece propeller shaft at 5000rpm

0.7709
—{ 057817
0.38545
0.19272
0 Min

Figure 5.13: Total deformation of the modified one-piece propeller shaft with center bearing at
5000rpm

As it is seen from Figure 5.9-5.13, in all applied load the total deformation of the existing propeller
shaft is maximum at the same load, which is about. Additionally, from the given alternatives of
the modified propeller shafts total deformation is minimum on the modified two-piece modified
model.
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5.3.2 Equivalent (Von-Mises) Stress

Von Mises stress is a value used to determine if a given material will yield or fracture. The yield
point is the point on a stress-strain curve that indicates the limit of elastic behavior and the
beginning of plastic behavior. A material is said to start yielding when the von Mises stress reaches
a value known as yield strength. In this case the maximum applied load and different deflection
points were considered to see the equivalent stress of the existing and the modified propeller shaft.

According to Figure 5.16, the maximum equivalent stress on the existing propeller shaft is
797.31MPa at 5000rpm.

49049

: 4 3.6787 X
: %X Ll 24524 E

61761 7 12262 z

6.9116e-18 Min 2.7379e-17 Min

(@) (®)

(©) (@)

Figure 5.14: Equivalent (Von-Mises) Stress at 1500rpm for (a) the existing model (b) two-piece
modified model (c) one-piece modified model without center bearing (d) one-piece modified

model with center bearing
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Figure 5.15:Equivalent (Von-Mises) Stress at 3000rpm for (a) the existing model (b) two-piece

modified model (c) one-piece modified model without center bearing (d) one-piece modified

model with center bearing
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Figure 5.16:Von-Mises Stress of the existing propeller shaft at 5000rpm

30347 i:z

1.8409e-16 Min

Figure 5.17:Von-Mises Stress of the modified two-piece propeller shaft at 5000rpm

As it is seen from Figure 5.14-17, the analysis of the existing and the modified propeller shafts
is conducted at three different angular velocity which are 1500rpm, 3000rpm and 5000rpm.
From the results it can be seen that the equivalent stress of the existing propeller shaft is
maximum in all applied loads compared to the modified models.
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The maximum value is obtained at 5000 rpm which is 797.31Mpa. Whereas, from the given
alternatives of the modified propeller shafts equivalent stress is minimum on the modified one-
piece propeller shaft without center bearing with a value of (11.036MPa, 98.038MPa and
273.12MPa at 1500rpm, 3000rpm and 5000rpm respectively.

C: One-piece ‘modified propeller shaft without center'i:eaﬁig

Equivalent Stress A y
Type: Equivalent (von-Mises) Stress ns s
Unit: MPa 2022 R1
Time: 55

5.1894 Max

. 1.1532
Ha &~
Figure 5.18:VVon-Mises Stress of the modified one-piece propeller shaft at 5000rpm

D: One-piece modified propeller shaft with center bearing

Equivalent Stress _ A y
Type: Equivalent (von-Mises) Stress ns s
Unit: MPa 2022 R1
Time: 5 s

349.84 Max

11661 |
L 77,04 I<:}z

5.2562e-18 Min

Figure 5.19:VVon-Mises Stress of the modified one-piece propeller shaft with center bearing at
5000rpm

In engineering design, the equivalent (Von Mises) stress is computed from equations based on
distortion theory. These criteria used to predict or check whether the design will withstand a given
load within a safe working condition or not. As it seen from Figure 5.14 — 5.19 the equivalent
stress keeps increasing as the value of angular velocity gets higher. The maximum equivalent
stress is obtained at an angular velocity of 5000 rpm. At this respective point the maximum
equivalent stress for the existing model, two-piece modified model, one-piece modified model
without center bearing and one-piece modified model with center bearing is 450.12MPa,
273.12Mpa, 5.1894Mpa and 349.84Mpa respectively. In all cases the maximum stress is below
the yield strength of the material which is 519.6MPa for alloy steel of the existing model and
755.4MPa for Carbon-Kevlar/Epoxy Hybrid Composite of the modified models.
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5.3.3 Equivalent Elastic Strain

In engineering, the deformation of a structure is related to the concept of strain. When an external
load is applied to an engineering assembly, its components may experience a change in shape,
quantified by “strain”. The strain is useful in determining the amount of elongation or distortion a

structure may experience under various loading conditions.
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Figure 5.20: Equivalent Elastic Strain at 1500rpm for (a) the existing model (b) two-piece
modified model (c) one-piece modified model without center bearing (d) one-piece modified

model with center bearing
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Figure 5.21: Equivalent Elastic Strain at 3000rpm for (a) the existing model (b) two-piece
modified model (c) one-piece modified model without center bearing (d) one-piece modified

model with center bearing
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Figure 5.22:Equivalent elastic stress of the existing propeller shaft at 5000rpm
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Figure 5.23:Equivalent elastic stress of the modified two-piece propeller shaft at 5000rpm
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Figure 5.24:Equivalent elastic stress of the modified one-piece propeller shaft at 5000rpm

 D: One-piece modified propeller shaft with center bearing
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Figure 5.25:Equivalent elastic stress of the modified one-piece propeller shaft with center

bearing at 5000rpm

The strain is useful in determining the amount of elongation or distortion a structure may
experience under various loading conditions. Figure 5.20 — 5.25 shows elastic strain of the models
at 1500rpm, 3000rpm and 5000rpm. As it seen from the results, the equivalent elastic strain keeps
increasing as the value of angular velocity gets higher. The maximum equivalent elastic strain is
obtained at an angular velocity of 5000 rpm. At the maximum angular velocity, the maximum
equivalent elastic strain for the existing model, two-piece modified model, one-piece modified
model without center bearing and one-piece modified model with center bearing is 0.0044595
(0.44%), 0.0066992 (0.66%), 0.00012734 (0.013%) and 0.0085523 (0.855%) respectively. These
values can also be expressed in terms of percentage and the percentage shows how much the
respective model is elongated compared to the model before a load is applied to it. The least

percentage obtained at single-piece modified propeller shaft without the center bearing.
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5.4 Modal Analysis

Modal analysis provides insights to the dynamic characteristics of the existing and modified
propeller shafts. It is a linear analysis that does not utilize any excitations or loads. Mode
frequencies depend on stiffness and mass. It provides information on how the design may respond
to different types of loading and it is the basis of other dynamic analysis such as harmonic response
and random vibration. The modal analysis is performed to determine the natural frequency and
mode shape of the existing and the modified propeller shaft. In order to compare the model’s
similar frequency range is used in the analysis. The modal analysis is done for the frequency range
of 0 — 1000Hz.
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Figure 5.26: Modal analysis at 150 — 400Hz for (a) the existing model (b) two-piece modified
model (c) one-piece modified model without center bearing (d) one-piece modified model with

center bearing
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Figure 5.27: Modal analysis at 200 — 1000Hz for (a) the existing model (b) two-piece modified
model (c) one-piece modified model without center bearing (d) one-piece modified model with
center bearing

The analysis is also used to analyses participation factor and effective mass which gives an idea
how the design will respond to different types of dynamic loading. Participation factor measures
the amount of mass moving in each direction for each mode. A high value of a participation factor
in a direction indicates that the mode will likely be excited by forces in that direction. The effective
mass is a measure of how much mass is associated with each node.

As it is seen from Figure 5.27(a) the maximum deformation of two-piece modified
model364.59Hzis 23.295mm .

which is less than the existing model and other modified models even at lower frequency. For
instance, as it is shown in figure 5.26(a) the maximum deformation of the existing shaft at 192.43
is 32mm which is higher than the modified model at 364.59Hz.
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5.5 Transient Analysis

Transient analysis is used to determine the response of the propeller shafts to arbitrarily time-
varying loads. To conduct the transient analysis time varying load is needed. Therefore, to do this
various driving condition of the vehicle need to be taken in to consideration. The analysis is carried
out for five seconds. The conditions considered in each second were between the angular velocity
in which the torque becomes maximum and the maximum angular velocity of the engine which is
5000rpm. From the dynamic analysis three results were taken for comparison, these are total
deformation, equivalent (Von-Misses) stress and elastic strain.

5.5.1 Total Deformation

0.22339 0.10218
0 Min 0 Min

() (b)
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1 0.0012011
000003404
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Figure 5.28: Total deformation of transient analysis for (a) the existing model (b) two-piece
modified model (c) one-piece modified model without center bearing (d) one-piece modified

model with center bearing
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As it is shown in Figure 5.28 (a - d), the maximum deformation from the dynamic analysis for the
existing model, two-piece modified model, one-piece modified model without center bearing and
one-piece modified model with center bearing is 2.0105mm, 0.91962mm, 0.0042032mm and
0.84994mm respectively. Therefore, it can be seen that the total deformation is less on single-
piece modified propeller shaft without center bearing two-piece modified propeller shaft

compared to the existing and the other modified models.

5.5.2 Equivalent (Von-Mises) Stress

Von Mises stress is a value used to determine if a given material will yield or fracture. Figure 5.29
(a-d) shows equivalent Stress of transient analysis for the existing and the modified propeller
shafts.
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Figure 5.29:Equivalent Stress of transient analysis for (a) the existing model (b) two-piece
modified model (c) one-piece modified model without center bearing (d) one-piece modified

model with center bearing
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From Figure 5.29 (a - d), it is seen that the maximum equivalent stress from the dynamic analysis
for the existing model, two-piece modified model, one-piece modified model without center
bearing and one-piece modified model with center bearing is 446.01MPa, 241.9MPa, 3.66MPa
and 60MPa respectively. Therefore, it can be seen that the maximum equivalent stress is less on
single-piece modified propeller shaft without center bearing two-piece modified propeller shaft
compared to the existing and the other modified models. In all cases the maximum stress is below
the yield strength of the material which is 519.6MPa for alloy steel of the existing model and
755.4MPa for Carbon-Kevlar/Epoxy Hybrid Composite of the modified models.

5.5.3 Equivalent Elastic Strain

Figure 5.30 (a-d) shows equivalent elastic strain of transient analysis for the existing and the
modified propeller shafts.
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Figure 5.30: Equivalent elastic strain of transient analysis for (a) the existing model (b) two-
piece modified model (c) one-piece modified model without center bearing (d) one-piece

modified model with center bearing
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Figure 5.30(a-d) shows elastic strain of all the models. As it seen from the results, the minimum
equivalent elastic strain is obtained at the single-piece modified propeller shaft without the center
bearing. The maximum equivalent elastic strain for the existing model, two-piece modified model,
one-piece modified model without center bearing and one-piece modified model with center
bearing is 0.0017682 (0.177%), 0.0062198 (0.622%), 0.0000884 (0.0088%) and 0.0090329
(0.9033%) respectively. These values expressed in terms of percentage shows how much the

respective model is elongated compared to the model before a load is applied to it.

5.6 Harmonic Analysis

Harmonic analysis is used to determine the response of the models under a steady-state sinusoidal
(harmonic) loading at a given frequency from the modal analysis (Chittilla et al., 2013). Loads

may be out of phase with one another, but the excitation is at a known frequency.

Harmonic analysis can be used to verify whether or not a machine design will successfully
overcome resonance, fatigue, and other harmful effects of forced vibrations. Different from
transient dynamic analysis harmonic analysis doesn’t solve the time history response of the
structure. It treats the structure dynamic behavior in the frequency domain. Sinusoidal response
of harmonic analysis only applied to direct results like directional displacement, normal stress or
strain and shear stress or strain. For derived results like total deformation, principal stress or strain
and equivalent stress or strain the results ca be periodic. The frequency response data obtained

from harmonic analysis is conducted over frequency range of OHz to 1000Hz.

5.6.1 Applied Load

To conduct harmonic analysis, it is crucial to do the modal analysis first. Therefore, this analysis
is linked with the modal analysis that is why the frequency range is 0 Hz to 1000 Hz. According

to Figure 5.31(a-d) the maximum torque is applied in all models as a load.
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Figure 5.31: Applied load for (a) the existing model (b) two-piece modified model (c) one-piece
modified model without center bearing (d) one-piece modified model with center bearing

Unlike modal analysis, to conduct harmonic analysis it is necessary to apply a load on the models.
Therefore, other than the frequency range, the maximum torque is considered as loading condition.
Figure 5.31(a-d) shows the applied load on the existing and modified models. The reason for the
maximum torque to be selected for the loading condition is that it is the critical point in terms of

design.

5.6.2 Harmonic Frequency Response

The frequency response data obtained from the harmonic analysis shows the amplitude of the
model over the frequency range which is OHz — 1000Hz. Figure 5.32-5.35 shows the harmonic
frequency response of the existing and the modified propeller shaft. The results are necessary to
know the frequency value which causes a higher amplitude and then the deformation as well as
the stress distribution over each model will be analyzed.
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Figure 5.32: Harmonic response of the existing propeller shaft
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Figure 5.33: Harmonic response of the two-piece modified propeller shaft
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Figure 5.34: Harmonic response of the single-piece modified propeller shaft without center

bearing
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Figure 5.35: Harmonic response of the single-piece modified propeller shaft with center bearing

Figure 5.32-5.35 shows the harmonic frequency response of the existing and the modified
propeller shaft. The frequency in which maximum amplitude is obtained for the existing model,
two-piece modified model, one-piece modified model without center bearing and one-piece
modified model with center bearing is 410.14Hz, 433.74Hz, 400Hz and 521.2Hz respectively.
These values are useful to know the maximum deformation and the stress distribution over the
models. As is seen from the results, the frequency value of the modified models is closer to the

existing one.
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5.6.3 Directional Deformation

Figure 5.36(a-d) shows the directional deformation of the existing and the modified models at the

frequency value in which the amplitude high.
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Figure 5.36: Directional deformation from the harmonic analysis for (a) the existing model (b)
two-piece modified model (c) one-piece modified model without center bearing (d) one-piece

modified model with center bearing

The directional deformation for the existing model, two-piece modified model, one-piece
modified model without center bearing and one-piece modified model with center bearing is
0.033451mm, 0.078117mm, 0.53277mm and 0.017864mm respectively. As is seen from the
results, the directional deformation of the modified models is closer to the existing one.
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5.6.4 Equivalent Stress

As it is seen from Figure 5.37 (a - d), the maximum equivalent stress from harmonic analysis for
the existing model, two-piece modified model, one-piece modified model without center bearing
and one-piece modified model with center bearing is 50.33MPa, 48.154MPa, 77.772MPa and
28.72MPa respectively.
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Figure 5.37: Equivalent stress from the harmonic analysis for (a) the existing model (b) two-
piece modified model (c) one-piece modified model without center bearing (d) one-piece
modified model with center bearing

In all cases the maximum stress is below the yield strength of the material which is 519.6MPa for
alloy steel of the existing model and 755.4MPa for Carbon-Kevlar/Epoxy Hybrid Composite of

the modified models. Therefore, the modified models are safe from the design aspect.
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5.7 Comparison Between the Existing and the Modified Propeller Shaft
5.7.1 Comparison in terms of Weight

The existing propeller shaft is made of alloy steel whose density is 7850Kg/m?, whereas the
modified propeller shafts are made of Carbon-Kevlar/Epoxy Hybrid Composite whose density is
1570Kg/m?3. Since density and mass are directly proportional, the overall mass of the modified
propeller shaft will be less than the existing propeller shaft. The mass of each model can be known
from ANSYS.

Table 5.1: Comparison in terms of weight

Models Weight (Kg) Material Density (Kg/m?)
Existing propeller shaft 16.2 Alloy steel 7850Kg/m’
Two-piece modified
P 4 8.8692
propeller shaft
Single-piece modified
Carbon-

propeller shaft without 8.0079

Kevlar/Epoxy Hybrid 1570Kg/m?
center bearing

Composite
Single-piece modified
propeller shaft with center 8.559

bearing

As it seen from Table 5.1 the weight of the modified propeller shafts is reduced in half compared
to the existing models. The difference in weight between the modified models is because of their
slight design difference. Since the two-piece modified propeller shaft has three universal joints
and a center bearing, its weight is higher than the other modified models. The weight of the two-
piece modified model, one-piece modified model without center bearing and one-piece modified
model with center bearing is reduced by 45.25%, 50.57% and 47.16% respectively compared to
the existing propeller shaft. There is a slight weight difference between the modified models
because of some additional parts. The weight of the two-piece modified propeller shaft is higher
by 9.7% and 3.5% compared to one-piece modified model without center bearing and one-piece
modified model with center bearing respectively. Therefore, one of the objectives is achieved. The

weight reduction is helpful in terms of fuel consumption and performance.
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5.7.2 Comparison in terms of Deformation

The maximum deformation obtained at the static analysis, transient analysis and harmonic

analysis is considered to compare the existing propeller shaft with the modified propeller shaft.

Table 5.2: Comparison in terms of deformation

Maximum Deformation (mm)

Static analysis
Models Transient | Harmonic
At At At analysis analysis
1500rpm | 3000rpm | 5000rpm
Existing propeller shaft 1.6932 1.8466 2.0729 2.0105 0.03345
Two-piece modified
1.1101 1.4242 1.6831 0.91962 0.07812
propeller shaft
Single-piece modified
propeller shaft without 0.0026 0.0042 | 0.00616 0.0042 0.53277
center bearing
Single-piece modified
propeller shaft with center | 0.0918 0.6357 1.7345 0.84994 0.01786
bearing

In the case of harmonic analysis, the frequency in which maximum amplitude is obtained is used
to find the deformation. This frequency value for the existing model, two-piece modified model,
one-piece modified model without center bearing and one-piece modified model with center
bearing is 410.14Hz, 433.74Hz, 400Hz and 521.2Hz respectively. These values are useful to know

the maximum deformation and the stress distribution over the models.

As it is seen from Table 5.2 the maximum deformation of the modified model is minimum
compared to the existing propeller shaft. From all the modified models the Single-piece modified

propeller shaft without center bearing has lower deformation in all cases.
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5.7.3 Comparison in terms of Stress Distribution

Stress distribution is used to determine if a given material will yield or fracture. The yield point is
the point on a stress-strain curve that indicates the limit of elastic behavior and the beginning of
plastic behavior. A material is said to start yielding when the stress reaches a value known as yield
strength. The maximum stress distribution obtained at the static analysis, transient analysis and
harmonic analysis is considered to compare the existing propeller shaft with the modified
propeller shaft.

Table 5.3: Comparison in terms of stress distribution

Maximum stress (MPa)
Static analysis
Models Transient | Harmonic
At At At analysis analysis
1500rpm | 3000rpm | 5000rpm
Existing propeller shaft 55.565 312.75 450.12 446.01 50.333
Two-piece modified
11.036 98.03 273.12 241.9 48.333
propeller shaft
Single-piece modified
propeller shaft without 2.3057 3.6033 5.1894 3.6033 77.772
center bearing
Single-piece modified
propeller shaft with center | 29.656 265.91 349.84 60.578 28.78
bearing

As it seen from Table 5.3 the maximum stress of the modified propeller shaft is minimum
compared to the existing propeller shaft. Especially Single-piece modified propeller shaft without
center bearing has lower stress value in all cases which make it preferable from the other modified
models. In all cases the maximum stress is below the yield strength of the material which is
519.6MPa for alloy steel of the existing model and 755.4MPa for Carbon-Kevlar/Epoxy Hybrid

Composite of the modified models.
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5.8 Summary

Generally, this thesis presents design and numerical analysis of a carbon-Kevlar/epoxy hybrid
composite propeller shaft for Tata 207 DI Single Cabin Pickup. Three modified models were
prepared in order to consider all the necessary conditions and to select the better model. These are
two-piece modified propeller shaft, one-piece modified propeller shaft without center bearing and
one-piece modified propeller shaft with center bearing. All the necessary dimension for the
modified propeller shaft is taken from the results obtained in the design calculation. Then, using
the dimension the model is prepared with full scale. The analysis which is done on ANSYS are

static structural, transient structural, modal analysis, harmonic analysis and rigid dynamics.

v Rigid dynamics is used to solve the relative motion between the shaft and the joints. The
propeller shaft should transmit the torque from the engine to the differential.

v’ Static analysis is conducted to see how the existing and the modified propeller shaft
responds when subjected to a static loading.

v' Modal analysis provides insights to the dynamic characteristics of the existing and
modified propeller shafts. It is a linear analysis that does not utilize any excitations or
loads.

v" Harmonic analysis is used to determine the response of the models under a steady-state
sinusoidal (harmonic) loading at a given frequency from the modal analysis.

v" Transient analysis is used to determine the response of the propeller shafts to arbitrarily
time-varying loads.

According the result obtained from the above analysis the Single-piece modified propeller shaft
without center bearing is selected from the other modified models. These is because:

v The weight of two-piece modified model without center bearing is reduced by 45,25%
compared to the existing propeller shaft. It is also the highest compared to other modified
models.

v It has the lowest stress and deformation value in all analysis.

v" It has a better performance in terms of vibration. It has the lowest deformation at higher
frequency ranges, for instance the maximum deformation of the propeller shaft at two-
piece modified model 364.59Hz is 23.295mm .which is less than the existing model and
other modified models even at lower frequency.

v" It has a simple design.
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CHAPTER SIX
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

In this thesis design and numerical analysis of a carbon-Kevlar/epoxy hybrid composite propeller
shaft for Tata 207 DI Single Cabin Pickup is conducted. Modeling of the existing and the modified
composite propeller shaft is carried out in CATIA V5 and its analysis is performed in ANSYS.
Basic dimensions of the existing model are taken by direct measurement whereas the dimension
of the composite propeller shaft is obtained from the analytical design. The analysis which is done
on ANSYS are static structural, transient structural, modal analysis, harmonic analysis and rigid
dynamics. Three modified models were prepared in order to consider all the necessary conditions
and to select the similar model propeller shaft for compare. According the result obtained from
the analysis the two-piece modified propeller shaft is selected from the other modified models for

compare similarity design propeller shaft.

Key findings are summarized as follows:

v The weight of the two-piece modified model, one-piece modified model without center
bearing and one-piece modified model with center bearing is improved by 45.25%,
50.57% and 47.16% respectively compared to the existing propeller shaft.

v The modified models have better performance in terms of vibration., two-piece modified
propeller shaft has the lowest deformation at higher frequency ranges, for instance it has a
maximum deformation of two-piece modified model 364.59Hz is 23.295mm .

v" From the static analysis the maximum equivalent stress is minimum on the modified one-
piece propeller shaft without center bearing with a value of for modified two-piece
propeller shaft(11.036MPa, 98.038MPa and 273.12MPa) at 1500rpm, 3000rpm and
5000rpm respectively. It is below the yield strength of the material which is 519.6MPa.

v’ At the maximum angular velocity, the maximum equivalent elastic strain for the existing
model, two-piece modified model, one-piece modified model without center bearing and
one-piece modified model with center bearing is 0.0044595 (0.44%), 0.0066992 (0.66%),
0.00012734 (0.013%) and 0.0085523 (0.855%) respectively.

v The maximum deformation from the dynamic analysis for the existing model, two-piece
modified model, one-piece modified model without center bearing and one-piece modified
model with center bearing is 2.0105mm, 0.91962mm, 0.0042032mm and 0.84994mm

respectively.
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v" The frequency in which maximum amplitude is obtained for the existing model, two-piece
modified model, one-piece modified model without center bearing and one-piece modified
model with center bearing is 410.14Hz, 433.74Hz, 400Hz and 521.2Hz respectively.

6.2 Recommendation

Based on the results obtained from finite element analysis, carbon-Kevlar/epoxy hybrid composite
is a promising material for propeller shaft since it has better mechanical and physical property in
terms of total deformation, equivalent von mess stress, vibration and weight. When However,
prior to the implementation of the new composite material, cost effectiveness analysis and

experimental investigation are needed, in order to utilize the benefits associated with the material.

6.3 Recommendation for Future Work

The following recommendations can be taken into consideration for future work:
v In this thesis, the finite element analysis is done only on ANSY'S workbench, it is
recommended to validate the numerical analysis by using experimental analysis.

v' The usage of high-performance computers is recommended for future work in order to

get accurate results from numerical analysis.
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APPENDIX
Appendix: ANSYS Results

5.7206
4.7671
3.8137
— 2.8603 .
11,0069 ©
0.95343
8.0328e-18 Min 1.6281e-14 Min

@ (®)

12.363
10303
8.2421
! 6.1816

{ 41211
20605
1.9231e-13 Min

(© C))

14,302
10.727
71511
3.5755
1.1511e-13 Min

1.269e-15 Min 1.5487e-12 Min

(e) ®

Figure A.1: Total deformation of the existing propeller shaft at different mode shapes
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Figure A.2: Total deformation of the Two-piece modified propeller shaft at different mode
shapes
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Figure A.3: Total deformation of the single-piece modified propeller shaft without center

bearing at different mode shapes
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Figure A.4: Total deformation of the single-piece modified propeller shaft with center bearing at

different mode shapes
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