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Abstract—The propeller shaft is the very important component in
a vehicle, forward and reverse motion of the vehicle can be done
by the shaft. i.e. transmission of torque from the engine to wheels
is performed by a shaft. This shaft is known as a propeller shaft,
the overall objective is to design and weight optimization of
propeller shaft of the light motor vehicle. This paper deals with
the replacement of conventional steel shaft with E glass fiber. In
this work, E glass fiber is used as the composite material. Weight
is minimized. Natural frequency and mode shape of propeller
shaft are analyzed also carrying out experimental investigation
and predict failure of drive shaft using suitable software.

Keywords—Propeller Shaft, E Glass Fiber, Optimization, Light
Motor Vehicle Etc

I.  INTRODUCTION

Nowadays composite material is using an automotive
application. Because of latest technology metallic composite
parts are replaced by the composite. High-quality steel is a
common material used to construct propeller shaft. The steel
shaft is manufactured in a two-piece to increases bending
natural frequency .i.e. Two piece shaft which increases the
total weight of vehicle and degrees of power transmission.
Now replacing steel shaft SM45C with composite gives many
advantages due to higher specific strength and stiffness of
composite materials. Also, composite drive shafts have a
lower modulus of elasticity which results in degrees of stress
and best shock absorber when torque is more Composite
materials having a lesser weight than steel shaft SM45C and
aluminum with similar strength. Composite shaft is
manufactured in a single piece which eliminates assemblies of
three universal joints, a bracket and a center support bearing of
the two-piece driveshaft. This paper deals with design and
optimization of E glass epoxy fiber composite propeller shaft
and compares the result with a steel shaft Also by suitable
FEA software determining natural frequency and mode shape
of the shaft.

Il.  LITRATURE REVIEW
V Jose Ananth Vino et al [1] This paper deals with
the replacement of conventional propeller shaft with the
composite shaft. Design parameter was optimized for
optimizing the weight of the shaft. the modeling is done by
SOLIDWORKS software. He evaluated stress under subjected
load, defection and natural frequency using Ansys.

Mr.S.S. Patil
Associate Professor
Department of Mechanical Engineering
P.V.P.L.T Budhgaon
Sangli, India

S Dharmadhikari J P Giri et al [2] Study deals with design and
analysis of composite drive shaft using Ansys and genetic
algorithm.

S Shinde et al [3] This paper deals with Design of propeller
shaft For Mahindra considering torque capacity, Shear stress,
and critical rpm requirement. And epoxy and aluminum
material used for replacement of conventional shaft.

Bhirud P.P et al [4] This paper deals with the replacement of
steel shaft with E glass resign composite drive shaft. ANSYS
is used as analysis software.

Salaisivabalan T et al [5] This paper deals with propeller shaft
of MARUTI OMNI to design shaft for its minimum
dimension. then part can be created in NX 8.5 and after
modeling Torsional buckling analysis and model analysis can
be carried out in NX NASTRAN. Obtained results can be
compared.

Parshuram D et al [6] in this work studied weight optimization
of the shaft by using the composite material. design of the
shaft is carried out in CATIA and analysis is carried out in
ANSYS.

B Wankhede et al [7] they studied Failure analysis of
automotive front wheel drive shaft. the drive shaft is
commonly subjected to torsional and bending stress due to
which fatigue and fractural failure may occur. some common
causes of failure may like design defect raw material,
Manufacturing defects.

C G Rothe et al [8] this paper deals with design and analysis of
composite drive shaft. In this composite shaft and genetic
algorithm is successfully applied for weight optimization of
the shaft. The main aim is to design procedure with FEA. the
parameter was optimized by genetic algorithm .and modeling
is done in CAD software to perform static, buckling and model
analysis of both shaft by using ANSYS Software.

H banker et al [9] they studied various composite materials for
the composite drive shaft. This paper deals with various
composite propeller shaft material like E glass/epoxy, HS
carbon/Epoxy, HM Carbon/epoxy, Polystyrene etc. he
compared various materials propeller shaft. And analysis is
carried out in ANSY'S software.
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S P Maske et al [10] This paper deals with Failure analysis and
design optimization of propeller shaft of Bus. the SAE 1045
Steel shaft is replaced by Chromium steel SAE 3145 and
analysis can be carried out in ANSY'S.

D Khushwaha et al [11] this paper deals with optimal design
and analysis of composite drive shaft for a light commercial
vehicle. The design is carried out in PRO E and analysis in

ANSYS.

I1l.  DESIGN OF SHAFT

The torque transmitted by engine must be transmitted to
wheels by a shaft to forward and reverse motion [2] Design of
shaft is important to calculate torque transmission capacity,
Torsional buckling capacity, the diameter of the shaft and
natural frequency. Mechanical properties of steel as given
below [2]

Mechanical Properties Symbol Units Steel
Young's Modulus E Gpa 207
Shear Modulus G Gpa 80
Poisson’s ratio N - 0.3

Density P Kg/ M | 7600

Shear Strength Ss MPa 370

Various formulas for designing shaft as given below [2]
a) Mass (m)-

m=pAL=p X w/4 X (D* X D;*) X L

b) Torsional buckling capacity-

Ter= (2nr*1)(0.272)(Ex Ey®)%2% (t/r)*®

The different parts of the drive system as shown in fig below
(8-
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Fig-component of shaft [8]

Causes of failure —

The failure analysis is important to find out various
causes of failure and find out prevention of it [7]. A product
fails in service or failure occurs during manufacturing or
during production processing. it is very important to prevent
failure and in any case, one must determine causes of failure to
prevent future occurrence. The common causes of service
failure are [7]

Abuse-
e Road condition
e  Environment condition

c) Torque - e Improper material
ro: e Poor storage condition
I
Where T-Torque, J-polar moment of inertia,T- Maximum 35
shear stress, r-radius of the shaft. 30
d) Bending natural frequency [4] - 25
20
Fb:E* il 15
Lo Ml 10 -
e) Critical speed [2] - 5
N, =60*F, 0"
er =00 e $ 8 £ 5 E 3% %
< 2 3 & =z &§s ¢C
As per Taguchi matrix clearly indicates ratio of < § i g '5..% 2
diameters for hollow shaft is inversely proportional to mass of = Eg
shaft [3] due to limited space available below vehicle, the i
maximum diameter is allowed for shaft is 75mm in case of FFig-Distribution of causes of failure [7]
Mahindra load king, Standard shaft of 50-100 mm are
available at different size in steps of 2 mm.
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IV.  MODELING AND ANSYS SIMULATION

1. Selection of element type- SHELL181 may be used
for layered application of structural steel.it allows up
to 250 layers. The element has 6 degrees of freedom
at each node. Translation in nodal X,Y & Z and
rotation about X,Y & Z axes. Shell181 provides us to
use different material properties in X, Y and Z
direction [9].

= SX(TOP)
TS (MID)
SX (BOT)

Loy et Rt Db imagec

*g, = Element x-axis if ESYS is not provided.

® = Element x-axis if ESYS s provided.

Fig-selection of element type [9]

2. Selection of plies- stress in each ply is calculated and
then by using first ply failure criteria, failure of all
laminate is determined. When the first ply fails
laminate is assumed as fail. This is GA showing a
variation of Young's modulus of laminas.

Exlamina & Eylamina Vs Ply Orientation
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Fig- Ply orientation [9]

From above fig found that Young's modulus in the
x-direction is higher for smaller ply angles, also falls
down from above 25 degrees. and in case of Y-
direction constant at lower ply angles and increases
suddenly above 70 degrees [9]. The shear modulus in
fig shows that maximum value between 30 to 70
degrees.

Gxylamina Vs Ply Orisntation
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Fig-shear modules and ply orientation [9]

It is important to select an equal number of ply
angles for maximum Young's and shear modulus.
The analysis is carried out in Ansys [16] as shown in fig,
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Fig-Meshing of shaft [16]
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Fig-deformation of shaft [16]
For modeling purpose, there is so many software like as

CATIA, SOLIDWORKS, UG-NX, Pro E and for analysis
ANSYS, HYPERMESH, ABACUS are used. The modeling
and analysis purpose various author used the software as
shown in a pie chart.

Modeling

W CATIA=47%
M Soildworks=24%
WProE=12%

B Ug-Nx=17%

Chart-Modeling/Designing
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Analysis

H ANSYS=70%

B Abacus=10%
Hypermesh=15%

B NX-Nastran=5%

Chart-Analysis chart

V. CONCLUSION
The replacement of steel drive shaft results in a

reduction of weight of automobile vehicle. FEA analysis is
used to predict deformation of the shaft.it concluded that E
glass epoxy material is used as shaft material. The composite
material is free from corrosion apart from the lightweight use
of composite also ensure less noise and vibration. The
composite material is recyclable hence able to reuse. Less Fuel
consumption because of the light in weight composite shaft
and much better natural frequency than steel shaft [24]
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