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Abstract— Composite structures for Conventional metallic 

structures have many advantages because of higher specific 

stiffness and strength of composite materials. In the recent 

days, there is a huge demand for a light weight material such 

as fiber reinforced polymer composites seems to be a 

promising solution to this arising demand. This work deals 

with the replacement of conventional steel drive shafts with a 

Kevlar/epoxy or E glass polythene resin composite drive 

shaft for an automotive application. The intention of work is 

to minimize the weight of drive shaft. The automotive 

industry is exploiting composite material technology for 

structural components construction in order to obtain the 

reduction of the weight without decrease in vehicle quality 

and reliability. It is known that energy conservation is one of 

the most important objectives in vehicle design and reduction 

of weight is one of the most effective measures to obtain this 

result. Actually, there is almost a direct proportionality 

between the weight of a vehicle and its fuel consumption, 

particularly in city driving. This project is analysis done on 

drive shaft with different composite materials and concludes 

that the use of composite materials for drive shaft would 

induce less amount of stress which additionally reduces the 

weight of the vehicle. Modelling package used to model the 

drive shaft arrangement and ANSYS is the analysis package 

used to carry out analysis. 
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I. INTRODUCTION 

The advanced composite materials such as Graphite, Carbon, 

Kevlar and Glass with suitable resins are widely used because 

of their high specific strength (strength/density) and high 

specific modulus  (modulus/density) [1]. The steel drive shaft 

is usually manufactured in two pieces to increase the 

fundamental bending natural frequency because the bending 

natural frequency of a shaft is inversely proportional to the 

square of beam length and proportional to the square root of 

specific modulus. The two-piece steel drive shaft consists of 

three universal joints, a center supporting bearing and a 

bracket, which increases the total weight of an automotive 

vehicle and decreases fuel efficiency. Since carbon fiber 

epoxy composite materials have more than four times specific 

stiffness (E= ρ) of steel or aluminum materials, it is possible 

to manufacture composite drive shafts in one-piece without 

whirling vibration over 9200 rpm[2]. It is known that energy 

conservation is one of the most important objectives in 

vehicle design and reduction of weight is one of the most 

effective measures to obtain this result. Actually, there is 

almost a direct proportionality between the weight of a 

vehicle and its fuel consumption, particularly in city driving. 

A. Purpose of the Propeller Shaft 

 The drive shaft must also be capable of rotating at the 

very fast speed required by the vehicle. 

 The drives shaft must also operate through constantly 

changing the angles between the transmission, the 

differential and the axels. 

 The length of the drive shaft must also be capable of 

changing while transmitting torque. 

 The drive shaft should provide a smooth, uninterrupted 

flow of power to the axles. 

B. Types of Shafts 

There is various type of transmission shaft among them 

following are important 

 Transmission shaft. 

 Machine shaft. 

 Spindle. 

 Automobile drive shaft. 

 Ship propeller shaft. 

 Helicopter tail rotor shaft. 

These drive shafts can be manufactured by replacing 

the Stainless steel with the composite materials. 

C. Composite Material 

The different composite material likes, E glass, Kevlar 

Epoxy, boron epoxy, etc. are going to analyzed and studied. 

The various characteristics and properties of composite 

material are as under 

1) Characteristics of Composite Material: 

 They have high specific modulus and strength 

 Reduced weight 

 Due to weight reduction, fuel consumption will be 

reduced. 

 They have high damping capacity and hence they 

produce 

 less vibration and noise. 

 They have good corrosion resistance 

 Greater torque capacity than steel and aluminum shaft 

 Longer fatigue life than steel and aluminum shaft 

 Lower rotating weight transmits more of available 

power. 

II. LITERATURE REVIEW 

Nowadays, composite materials are used in large volume in 

various engineering structures including spacecraft’s, 

automobiles, boats, sports' equipment, bridges and buildings. 

Widespread use of composite materials in industry is due to 

the good characteristics of its strength to density and hardness 

to density. The possibility of increase in these characteristics 

using the latest technology and various manufacturing 

methods has raised application range of these materials. 
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Drive shafts are usually made of solid or hollow tube of steel 

or aluminum. Over than 70% of single or two- piece 

differentials are made of several piece propeller shaft that 

result in a rather heavy drive shaft Composite drive shafts 

were begun to be used in bulk in automotive since 1988. The 

graphite/carbon/fiberglass/aluminum driveshaft tube was 

developed as a direct response to industry demand for greater 

performance and efficiency in light trucks, vans and high 

performance automobiles. 

The main reason for this was significant saving in 

weight of drive shaft; the results showed that the final 

composite drive shaft has amass of about 2.7 kg, while this 

amount for steel drive shaft is about 10 kg. The use of 

composite drive shafts in race cars has gained great attention 

in recent decades. When a steel drive shaft breaks, its 

components, are thrown in all directions such as balls, it is 

also possible that the drive shaft makes a hole in the ground 

and throw the car into the air. But when a composite drive 

shaft breaks, it is divided into fine fibers that do not have any 

danger for the driver. Numerous studies have been carried out 

to investigate the optimal design and analysis of composite 

drive shafts with different materials and layers orientation. C. 

Sivakandhan & P.sureshprabhu studied that the epoxy/glass 

fiber composite can be employed in the drive shaft. 

Moreover, author believes that the real ANSYS 

analysis should be done to verify the stability of developed 

composite material under the proposed concept. The usage of 

composite materials and optimization techniques has resulted 

in considerable amount of weight saving when compared to 

conventional steel drive shaft. These results are encouraging 

and suggest that glass/epoxy composite materials effectively 

used in engineering applications. Pollard [5] studied different 

applications of composite drive shafts for automotive 

applications. He compared the advantages and disadvantages 

of them at various conditions. 

Rangaswamy and et al. [3] optimized and analyzed 

a one piece composite drive shaft using genetic algorithm and 

ANSYS. They found that the use of composite materials lead 

to the significant reduction in weight compared to steel drive 

shaft. They also reported that the fiber orientation of a 

composite shaft strongly affects the buckling torque. 

Rangaswamy & Vijyarangan have investigated the 

manufacturing of composite shafts for automotive 

applications. 

The composite shaft is expected to transmit certain 

amount of torque, hence should have a certain torque 

capability. A factor of safety of 2 is chosen and three different 

materials are investigated. Due to their high length/diameter 

ratio, the torsional buckling capability of the shafts 

Composite Drive Shaft is a Good Strength and Weight Saving 

to Compare Conventional Materials Design and Analysis of 

E Glass/Epoxy Composite Drive Shaft for Automotive 

Applications Rastogi implemented a FEA approach to design 

and analyze a composite drive shaft in different conditions is 

also studied both experimentally and with ANSYS modeling. 

In the present work an effort has been made to design a HM-

Carbon/Epoxy composite drive shaft. 

A one piece composite drive shaft for rear wheel 

drive automotive application is designed and analyzed using 

ANSYS software. Since performance of conventional drive 

shafts can be severely limited by the critical speed and large 

mass inertia moment of metal shaft, it was investigated in the 

second part of the paper. Thomson [4] has discussed 

mechanical properties of a sandwich composites containing 

interfacial cracks or impact damage when loaded edgewise 

compression, flexure or shear. The implication of these 

findings on the structural integrity of mine hunting ship made 

from GFRP/PVC foam sandwich composite is discussed. 

Potluri et al., [6] have investigated stitch bonded sandwich 

structures of close cellular core and woven broadcloth. The 

stiffness of the sandwich panels, up to the top skin failure 

increases with increase in stitch density. Kim et al., [7] has 

studied the failure mode and energy absorption capabilities of 

different kinds of circular tubes made of carbon, Kevlar, and 

carbon – Kevlar hybrid fibers composite with epoxy resin. 

Based on the linear regression analysis results, the crushing 

parameters generally showed good correlation with 

compressive strength and shear modulus. 

III. AIM AND SCOPE OF THE WORK 

This work deals with the analysis of conventional steel shaft 

and composite shaft .Results proves that how beneficial is the 

replacement of a conventional steel drive shaft with E- Glass/ 

Epoxy glass polyester resin, Kevlar/Epoxy composite drive 

shafts for an automobile application. To estimate the 

deflection, stresses, natural frequencies under loads using 

ANSYS. This present work an attempt has been to estimate 

the deflection, stresses, and natural frequencies under 

subjected loads using FEA. Further comparison carried out 

for both conventional and composite shaft. 

IV. METHODOLOGY 

To meet the stringent design requirement, a shaft has to be 

design. In this work, we will compare the conventional steel 

shaft with the composite shaft with various materials like 

Boron /epoxy; Kevlar /epoxy E glass polyester resin will be 

analyses at +/- 45 degrees ply orientation.  
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The material properties of all material considered from design 

consideration. The analysis will be carried out using ANSYS. 

Properties 
Sy 

mbo l 

Un 

it 

Steel 

(SM 

45C) 

Carbon 

/epoxy 

UD 

E- 

glass/ 

epoxy 

UD 

Kevlar 

/epoxy 

UD 

Young's modulus 

(x- direction) 
Ex 

GP 

a 
207 209 45 80 

Young's modulus 

(y- direction) 
Ey 

Gp 

a 
207 9.45 10 55 

Ult.Tensile 

strength (x- 

direction) 

σut 
M 

Pa 
650 1979 1100 1300 

Poisson’s ratio xy 

plane 
Μ - 0.29 0.27 0.3 0.34 

Poisson’s ratio yz 

plane 
Μ - 0.29 0.4 0.61 0.34 

Poisson’s ratio zx 

plane 
Μ - 0.29 0.27 0.3 0.4 

Shear modulus xy 

plane 
G 

M 

Pa 

8139 

5 
5500 5200 2200 

Density Ρ 

Kg 

/m 

3 

8760 1600 2000 1400 

Table 1: Properties of materials 

V. MATHEMATICAL ANALYSIS 

The torque generated by the engine = 280lb-ft = 380N-m 

Over all gear ratio = 4.23*2.55 

Maximum torque transmitted to the shaft T = torque 

generated by engine x overall gear ratio = 4100 N-m     (1) 

Allowable stress is obtained by considering factor of safety, 

σallowable= (σultimate)/FoS                                  (2) 

Torsional shear strength is 0.18 times the Allowable stress, 

τ=0.18σallowable                                                               (3) 

The diameter, d is calculated by the relation,  

d=[(16xT)/(Πxτ)]1/3                                                 (4) 

After this we take the nearest diameter value of 

standard size from reference book 

For proper strength we take hollow shaft of 3.2mm 

thickness(t) and using this the outer and inner radius are 

calculated from relation, ro=d/2 and ri=ro-t. 

Mass of Propeller Drive Shaft is calculated by the product of 

density of material and volume of shaft  m=ρAL               (5) 

To find the percentage mass reduction let us consider, a = 

mass of the steel shaft 

B = mass of the composite shaft therefore, percentage mass 

reduced = [(a-b)/a] x 100…………………………………(6) 

do = outer diameter of shaft di = inner diameter of shaft 

L = length of the shaft = 1430 mm A = cross sectional area of 

the shaft factor of safety = 3 

Fundamental Natural frequency of shaft is obtained by using 

Timoshenko’s beam theory, 

1/Ks2 = 1 + [p2×Π×rm/(2L2)] × (1+ [fs× Ex/(Gxy]……….(7) 

Fnt = Ks × [30× Π × p2 / L2 ] × [Ex × r 2 /(2ρ)]…………..(8) 

Ncrt = 60 Fnt……………………………………………..(9) 

Ks = shear coefficient of lateral natural frequency p = 1, first 

natural frequency 

rm = mean radius of shaft fs = 2 for hollow shaft 

Fnt = natural frequency, Hz Ncrt = critical speed, RPM 

As long, thin and hollow shaft are vulnerable to torsional 

buckling so torsional buckling(Tcr) of composites are 

calculated as, 

Tcr = (2×Π×rm×t) × (0.272) × (Ex ×E 3)0.25 × (t/rm)1.5 ….(10) 

VI. RESULT AND DISCUSSION 

A. Torsional Analysis 

The primary load carried by a Propeller Drive Shaft is torsion. 

The long thin hollow shafts are vulnerable to torsion. 

Externally applied forces, moments and state inertial forces 

such as gravity are imposed over the propeller drive shaft. If 

the stress values obtained in this analysis crosses the 

allowable values it will result in the failure of the structure in 

the static condition itself. To avoid such a failure, this 

analysis is necessary. 

B. Boundary Condition and Loading: 

 The one end of the Propeller Drive Shaft is constrained 

in all direction. 

 The moment of 4100 N-m is applied at the other end. 

 Material properties of SM45C alloy Steel and of the 

composites are from ANSYS library created during 

Analysis. 

 The solver used for this FEM analysis is Mechanical 

APDL solver. 

1) Total Deformation Result 
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C. Result Tables 

These results are obtained from the mathematical calculations 

as well as from the software we used for the analysis, 

Parameter 
Uni 

t 

SM45 

C 

Carbon 

/epoxy 

Glass/e 

poxy 

Kevlar/ 

epoxy 

Natural frequency, 

Fnt 
Hz 6893.7 

13986. 

7 
6468 9370.6 

Critical speed, 

Ncrt 

RP 

M 
413623 839202 388080 

 

562236 

Torsional buckling 

load, Tcr 
N 

43076. 

7 
4264.6 3030.9 

12569. 

4 

Mass, m Kg 10.93 2 2.5 1.75 

%mass reduced - - 81.7 77.12 83.98 

Table 2: mass result and comparison 

 



Design & Analysis of Propeller Shaft for TUV Automotive with Composite Materials using FEM 

 (IJSRD/Vol. 7/Issue 07/2019/095) 

 

 All rights reserved by www.ijsrd.com 412 

Material 
Total 

Deformati on 

Equivalent (Von-

Mises) Stress 

Equivalent 

Elastic Strain 

Units mm MPa m/m 

Steel 17.99 196.7 0.002273 

Carbon/Ep 

oxy 
4.066 759 0.00379 

Glass/Epo 

xy 
4.29 50.12 0.00583 

Kevlar/Ep 

oxy 
2.14 25.63 0.00233 

Table 3: Torsional analysis result comparison 

 
Fig. 11: Graph of equivalent stress (max value) at various 

ply 

 
Fig. 12: Graph of maximum shear stress (max value 

VII. CONCLUSION AND FEATURE SCOPE 

1) The usage of composite material has resulted to 

inconsiderable amount of weight saving in the range of 

28% when compared to conventional steel shaft. 

2) Taking into considerations the weight saving, 

deformation, shear stress induced and resonant 

frequencies it is evident that Kevalar/Epoxy composite 

has the most encouraging properties to act as 

replacement for steel out of the considered two materials. 

3) The presented work was aimed to reduce the fuel 

consumption of the automobile in the particular or any 

machine, which employs drive shafts ,in general it is 

achieved by using light weight composites like 

Kevelar/Epoxy. 

4) The presented work also deals with design optimization 

i.e converting two piece drive shaft (conventional steel 

shaft) in to single piece light weighted composite drive 

shaft. 

5) The drive shaft of Toyota Qualis was chosen for 

determining the dimensions, which were used then used 

for the material properties of composites were used the 

stability of drive shaft is ensured by limiting the include 

values with in the permissible range  in Ansy 16.0. 
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