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Abstract: The weight decrease of the drive shaft can have a specific part in the overall
weight decrease of the vehicle and is an exceptionally higher objective. The steel that are
used to manufacture these kinds of the shafts leads to consumption of energy due to its
weight. To avoid these kinds of energy loss, composite materials are used. It is realized that
energy protection is one of the main targets in vehicle plan and decrease of weight is one of
the best measures to acquire this good range of electric vehicles. In this project,
examination is done on drive shaft with various composite materials with various
proportion mixtures and concludes that the utilization of composite materials for drive
shaft would induce less amount of stress which furthermore decreases the weight of the
vehicle. CATIA is the modelling software used to design the drive shaft assembly and
ANSYS is the analysis tool used to carry out analysis with different composite materials.
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1. INTRODUCTION

The mix of various kinds of materials to shape or to breed another material with
intriguing attributes and required properties for different applications are known as composite
materials. Composite materials have been created all through this decade under different
areas like material science, nano innovation and so on. Out of the multitude of various
methods of executions of composite materials in different fields, the auto ventures give a
tremendous arrangement of utilization situated use of the composite material. The auto is
large equipment that has loads of parts in it. Every one of the parts give loads of weight,
hence takes lots of fuel to make the vehicle to move. The weight of the auto likewise
establishes the measure of the fuel utilization. A thought of diminishing the heaviness of the
parts in the vehicle and to give the very effectiveness as that of the unique segments is being
conferred. The answer for this materialistic approach is given by the composite material. Out
of all different parts in the vehicle, the shaft is essentially centered in this investigation.

1.1. Drive shaft

The drive shaft of a vehicle refers to the gathering of components that works to deliver
power from transmission to the driving wheels of a vehicle. The ability to run a vehicle begins
in the crankshaft. It is then conveyed to the clutch, by means of the flywheel (in a manual
transmission), or to a torque converter (in an automatic transmission). Power at that point goes
to the transmission, where it is diverted to the drive shaft (likewise called prop shaft, driveline
or propeller shaft). The drive shaft guides the ability to the drive axle, which contains both a
final drive gear, and a differential. The final drive gear associates the drive shaft to the
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differential, which at that point guides power to each wheel. The shafts are the important
components in an automobile for the purpose of transmission of power from the engine to the
drive wheels. It delivers power from the prime mover of the vehicle (engine/electric motor) to
the central differential, transmission system and axle. The drive shafts are longitudinal
sections that carry torque for vehicle propulsion. The drive shaft that helps in the torque
transmission are subjected to shear stress and tends to have a lot of power consumption. The
objective of the drive shaft is to move the motor force to the drive wheels. It should likewise
make up for all varieties in point or length coming about because of moving and deflection for
ideal synchronization between joints. Drive shafts for vehicles with front wheel drive
comprise of the outboard fixed joint, the inboard constant speed joint and the associating shaft.

1.2. Composites

A composite material is a blend of two materials with various physical and chemical
properties. At the point when they are combined together, they make a material which is
particular to make a specific job, for example to get more stronger, lighter or resistance to
various properties. They can likewise improve strength and stiffness. The explanation behind
their utilization over conventional materials is because that they improve the properties of their
base materials and are applicable in many situations. Composites, otherwise called Fiber-
Reinforced Polymer (FRP) composites, are produced using a polymer matrix that is reinforced
with a designed, man-made or natural fiber (like glass, carbon or aramid) or other reinforcing
material. The matrix protects the fibers from environmental and external damages and
transfers the loads between the fibers. The fibers, thus, give better strength and stiffness to
reinforce the matrix—and assist it with opposing failures and cracks.

2. PROBLEM IDENTIFICATION

The main issue in automobile is the vehicle’s weight. The higher weight of the vehicle
requires higher acceleration to propel the vehicle. The drive shaft is subjected to high torsional
and shear stress. To withstand these forces, steel was used in manufacturing of the drive shaft.
The usage of steel leads to increased drive shaft weight which leads to increase in overall
weight of the vehicle. This leads to increase in consumption of fuel in case of IC engine
vehicle and consumes more battery power in case of electric vehicle. Due to its weight. Also,
the steel when subjected to moisture climate regularly, it has the possibility of iron oxide
formation. In the present study, the various is things that is prepared are exploring composite
materials by replacing the conventional one for weight reduction, weight reduction of the drive
shaft can have a certain role in the general weight reduction of the vehicle and increasing life
of the component by reducing iron oxide formation. Based on several previous studies, usage
of composite materials on replacing conventional one would reduce in overall weight, the
strength, stiffness and other parameters can be increased on introducing composite materials in
the manufacturing of drive shaft, overall reduction in the weight of electric motor and the
drive line on manufacturing the components with composite materials would result in efficient
battery usage thereby increasing the range of the vehicle, carbon fiber reinforced epoxy
composite cylinders produced by filament winding represent a weight reduction of up to 47%
compared to a steel-based drive shaft.
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3. MATERIALS AND METHODS

3.1. Materials

E-Glass or electrical evaluation glass was initially created for remain off encasings for
electrical wiring. It was subsequently found to have fantastic fiber shaping abilities and is
presently utilized only as the building up stage in the material generally known as fiberglass.
E-Glass / Epoxy Resin, Borosilicate Glass Reinforced Epoxy Composites are extremely
strong materials used in roofing, automobiles, and pipes with less than 1% w/w alkali oxides,
mainly used for glass-reinforced plastics. E-glass ("E" due to initial electrical application), is
soluble base free, and was the main glass detailing utilized for nonstop fiber development. It
currently makes up the majority of the fiberglass creation on the planet, and furthermore is
the single biggest purchaser of boron minerals all around the world. It is vulnerable to
chloride particle assault and is a helpless decision for marine applications. Epoxy resins to
any of the fundamental segments or restored finished results of epoxy gums, just as an
informal name for the epoxide useful group. Epoxy resins, otherwise called poly epoxides,
are a class of responsive prepolymers and polymers which contain epoxide groups. Vinyl
ester resin, or frequently vinyl ester, is a resin created by the esterification of an epoxy resin
with acrylic or methacrylic acids. The "vinyl" groups allude to these ester substituents, which
are inclined to polymerize. The diester item is then broken down in a reacting agent, like
styrene, to around 3545 percent content by weight. Polymerization is started by free
radicals, which are created by UV-illumination or peroxides. These vinyl esters are used in
homebuilt airplanes that use vinyl ester fiberglass-reinforced structures. These are also
commonly used in marine industry as it has high property of corrosion resistance and also it
has the ability to withstand water absorption. The FRP tanks are manufactured with the use of
these vinyl ester resin as the manufacturing follows the standard BS4994. This vinyl ester is
treated with methyl ethyl ketone peroxide for laminating purpose so that it is capable of
producing higher strength and mechanical properties than any polyester and epoxy resin.
Araldite glue sets by the connection of an epoxy RESIN with a hardener. Blending an epoxy
RESIN and hardener together beginnings a synthetic response that produces heat. This is
called an exothermic reaction. After relieving, the joint is professed to be impenetrable to
bubbling water and all regular natural solvents. It is accessible in a wide range of sorts of
pack, the most well-known containing two unique cylinders, one each for the gum and the
hardener. Different varieties incorporate two-fold needle type bundles which naturally
measure equivalent parts.

4. MODELLING AND ANALYTICAL STUDY

4.1. Assumptions

e The drive shaft has a uniform, circular cross section

e The drive shaft is considered to rotate at a constant speed at its longitudinal axis
To design a drive shaft, one must know about how much of torque it has to be transfer,
torsional buckling capacity, length of drive shaft, diameter of drive shaft, bending natural
frequency and mass. We can easily compute the required data by knowing some essential
parameters.
4.2. Selection of cross section of the drive shaft

For the choice of cross section of the drive shaft solid round or hollow round about are for

the most part thought of. In this study hollow shaft cross section is picked due to following
benefits:
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e The solid circular shafts are more fragile in per kg weight than the hollow circular shaft.

e The stress distribution will be more at the outer surface of the solid circular shaft and at
center, the stress distribution will be zero.

e In case of hollow circular shaft, the stress variation will be smaller.

e In the solid circular shaft, the material at its center is not being used. It only increases the
weight of the shaft.

4.3. Calculations:

The composite drive shaft should satisfy three designs specifications such as,
1.Torque Transmission Capability

2.Buckling Torque Capability

3.Bending Natural Frequency.

For the taken vehicle, Maximum power is 37bhp@5000rpm.

P = 37bhp = 27.5kW; N= 5000rpm

InNT
il 10

T =52.52Nm = 5. 35kgf.m;

From the design data book, for the given torque, the diameter of the shaft is 17mm.
kgf
Material = C45 steel; Maximum shear stress = 400m?

STEEL SHAFT:

Torque transmitted capacity:
T T

I r .
_ T a4
’_22 d

T=50.83 + 105~

- E 6 1
For steel, shear stress is 50.83 107

Torsional buckling capacity of the drive shaft

E (rJE
3 r

TCT = 3[4t e

For solid shaft, t=r
6 J‘ll
rer = 5312.54 4 10° —
Th = ter « 2ar3 = 21980. 6Nm
Th > T,

Design is safe

Bending natural frequency
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fnb: m ¥

| = 405*10° m*
m = 1.87 kg/m
fro = 215.37Hz > 80Hz

Critical speed
Ner = 60*frp = 12922rpm > N
W = Density * Volume = 2.26Kg

Bending stress:

IIM
ab = 22
wd?

Wl

Bending moment: M = =2.21Nm
ob = 4,27 * 10° N/m?

FIBRE = EGLASS; MATRIX = EPOXY RESIN:
Ec=ErfVE+ EmVwm,
also(Vm+Ve)=1o0orVm=(1-VE).
Er=78GPa Em=35GPa Vr=0.6
Ec =48.2 GPa
VC=EVE VE+TVMVM
vi=0.25; vn = 0.34

v i=0.286

pc = piVi+ p mVm

pr = 2540 kg/m?®;  pm = 1200 kg/m?

pc = 2164 kg/m?®
E E,

) 1“11"31‘252 1—‘ﬁ;Vn

o

E =60.39Gpa
E = 60.39GPa

FIBRE = CARBON; MATRIX = EPOXY RESIN
Ec=EFVE+ EvVwm,

[IAS
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also(Vm+Ve)=1orVm=(1-VE).
ErF=220GPa Em=3.5GPa Vr=0.6
Ec =133.4 GPa
VC=VF VFEtVMVM
vi=0.22; vm=0.34
v¢=0.268
pc = piVi+ p mVm
pr = 2540 kg/m®;  pm = 1200 kg/m?
pc = 1690 kg/m?®

EX= 133.45Gpa

E, =133.45GPa

50.77+10° — 51.86%107+0.028
R 0.4

R =0.014m
D =27.8mm

_T Ey Iy
(fur) =2 |2

Diameter 17.4mm 49mm 28mm
Critical 12922 rpm 56275 rpm 36374 rpm
speed
Mass 2.26Kg 1.6Kg 0.4Kg
E 210GPa 60.3GPa; 60.3GPa 133.45GPa;
133.45GPa
Gb 4.27 * 10°N/m?  0.9*10°N/m? 0.203*10°
N/m?
v 0.3 0.286 0.268
p 7850 2164 kg/m?® 1690 kg/m?
kg/m?
Stress 50.77* 6.38*10°N/m? 12.18*10°
10°N/m? N/m?
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M = 1.025kg/m
Ix=2.93*10° m*

Fnb = 606.24 Hz > 80 Hz
Ner = 36374.8 rpm > N
W= 0.4kg

5. ANALYSIS

5.1. TOTAL DEFORMATION IN MODAL ANALYSIS:

STEEEL

EGLASS
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ECARBON
5.2. TOTAL DEFORMATION IN STRUCTURAL ANALYSIS:

Y,
a 1100 W0 ¢ i
] ey

EGLASS

ECARBON

5.3. EQUIVALENT STRESS:
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STEEL

ECARBON

6. CONCLUSION

m Total deformation — modal analysis
15
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0
total deformation - modal

W steel Wepoxyeglass, ™ epoxy carbon

FIG 6.1. TOTAL DEFORMATION — MODAL ANALYSIS

Total deformation

total deformation

W steel Mepoxygglass ™ epoxy carbon

FIG 6.2. TOTAL DEFORMATION — STRUCTURAL ANALYSIS
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Pa Equivalent stress
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FI1G 6.3. EQUIVALENT STRESS

N Weight
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2
15
1
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0

H steel epoxy gglass. epoxy carbon

FIG 6.4. WEIGHT

weight

From the results obtained, it is seen that the drive shaft made of composite material of e-
glass and resin has the ability to withstand higher stress and in calculation it also resulted in
40% of weight reduction.

On considering all these results, | conclude by saying that epoxy glass with 60% resin ratio
could be used for manufacturing driveshaft to reduce weight and thus the stress induced in the
driveshaft could also be reduced. This weight reduction would have certain amount of weight
reduction in overall weight of the vehicle, which would have certain role in increasing fuel
efficiency and increasing range of electric vehicle.
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