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 Abstract

In this paper an attempt has been made for analyzing of composite drive shafts for
power transmission applications. The one-piece composite drive shaft is designed to
replace conventional steel drive shaft of an automobile using E-glass / epoxy and high
modulus (HM) carbon/epoxy composites.(This paper just analyze Carbon/Epoxy
shaft!).
The first generation of composite drive shafts all exist of propshafts. These are the
drive shafts in longitudinal direction of the automobile. The advantages of composite
propshafts compared to their steel equivalents include: minimised weight with
superior tensile strength, virtually no thermal expansion of the composite shaft and
corrosion resistance. Side shafts are the drive shafts between the differential and the
wheels. Up to now, no production automobile is known that has ever made use of a
fibre reinforced plastic composite side shaft. Although, it can be expected that the
application of such a drive shaft will give benefits comparable to those for the
propshaft. Cost and end-fitting attachments seem to be the major problems for the
application. The major points of attention during the whole design process are the
maximum applied torque, the natural frequency, and the torsional stiffness.(In this
paper we just analyze the torque effect!!!). The design of the composite drive shaft is
split up into three parts: the design of the composite tube, the design of the adhesive
bonded connection, and the design of the complete drive shaft that includes the steel
end-fittings

 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).
Advanced composite materials seem ideally suited for long, power driver
shaft (propeller shaft) applications. Their elastic properties can be tailored
to increase the torque they can carry as well as the rotational speed at which
they operate. The drive shafts are used in automotive, aircraft and
aerospace applications. 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.

 Description of the Problem
Almost all automobiles (at least those which correspond to design with rear
wheel drive and front engine installation) have transmission shafts. The
weight reduction of the drive shaft can have a certain role in the general
weight reduction of the vehicle and is a highly desirable goal, if it can be
achieved without increase in cost and decrease in quality and reliability.
It is possible to achieve design of composite drive shaft with less weight to
increase the first natural frequency of the shaft and to decrease the bending
stresses using various stacking sequences. By doing the same, maximize
the torque transmission and torsional buckling capabilities are also
maximized.


Aim and Scope of the Work

This work deals with the replacement of a conventional steel drive shaft
with E-Glass/ Epoxy, High Strength Carbon/Epoxy and High Modulus
Carbon/Epoxy composite drive shafts for an automobile application.


Analysis

Molding of the high strength carbon/epoxy composite drive shaft using ABAQUS.

 Background
Composites consist of two or more materials or material phases that are
combined to produce a material that has superior properties to those of its
individual constituents. The constituents are combined at a macroscopic
level and or not soluble in each other. The main difference between
composite and an alloy are constituent materials which are insoluble in
each other and the individual constituents retain those properties in the case
of composites, where as in alloys, constituent materials are soluble in each
other and forms a new material which has different properties from their
constituents.

 Classification of Composites
Composite materials can be classified as
Polymer matrix composite
Metal matrix composite
Ceramic Matrix
Technologically, the most important composites are those in which the
dispersed phase is in the form of a fiber. The design of fiber-reinforced
composites is based on the high strength and stiffness on a weight basis.
Specific strength is the ratio between strength and density. Specific
modulus is the ratio between modulus and density. Fiber length has a great
influence on the mechanical characteristics of a material. The fibers can be
either long or short. Long continuous fibers are easy to orient and process,
while short fibers cannot be controlled fully for proper orientation. Long
fibers provide many benefits over short fibers.These include impact
resistance, low shrinkage, improved surface finish, and dimensional
stability. However, short fibers provide low cost, are easy to work with, and
have fast cycle time fabrication procedures. The characteristics of the fiberreinforced composites depend not only on the properties of the fiber, but
also on the degree to which an applied load is transmitted to the fibers by
the matrix phase.
The principal fibers in commercial use are various types of glass, carbon,
graphite and Kevlar. All these fibers can be incorporated into a matrix
either in continuous lengths or in discontinuous lengths as shown in the Fig 1.
The matrix material may be a plastic or rubber polymer, metal or

ceramic. Laminate is obtained by stacking a number of thin layers of fibers and matrix
consolidating them to the desired thickness. Fiber orientation in each layer can be
controlled to generate a wide range of physical and mechanical properties for the
composite laminate.

Fig1. Types of fibers

Advantages of Fiber Reinforced Composites
 High strength to weight ratio
 High stiffness to weight ratio
 High impact resistance
 Better fatigue resistance
 Improved corrosion resistance
 Good thermal conductivity
 Low Coefficient of thermal expansion. As a result, composite
structures may exhibit a better dimensional stability over a wide
temperature range.


 Limitations of composites
Mechanical characterization of a composite structure is more
complex than that of a metallic structure
The design of fiber reinforced structure is difficult compared to a
metallic structure, mainly due to the difference in properties in
directions
The fabrication cost of composites is high
 Rework and repairing are difficult
They do not have a high combination of strength and fracture
toughness as compared to metals
They do not necessarily give higher performance in all properties
used for material selection

 Applications of Composites
The common applications of composites are extending day by day.
Nowadays they are used in medical applications too. The other fields of
applications are,
Automotive : Drive shafts, clutch plates, engine blocks, push rods,
frames, Valve guides, automotive racing brakes, filament-wound fuel
tanks, fiber Glass/Epoxy leaf springs for heavy trucks and trailers,
rocker arm covers, suspension arms and bearings for steering system,
bumpers, body panels and doors
Aircraft: Drive shafts, rudders, elevators, bearings, landing gear doors,
panels and floorings of airplanes etc.
Space: payload bay doors, remote manipulator arm, high gain antenna,
antenna ribs and struts etc.
Marine: Propeller vanes, fans & blowers, gear cases, valves &strainers,
condenser shells.
Chemical Industries: Composite vessels for liquid natural gas for
alternative fuel vehicle, racked bottles for fire service, mountain
climbing, under ground storage tanks, ducts and stacks etc.
Electrical & Electronics: Structures for overhead transmission lines
for railways, Power line insulators, Lighting poles, Fiber optics tensile
members etc.

Sports Goods: Tennis rackets, Golf club shafts, Fishing rods, Bicycle
framework, Hockey sticks, Surfboards, Helmets and others.

 Purpose of the Drive Shaft (or Propeller shaft)
The torque that is produced from the engine and transmission must be
transferred to the rear wheels to push the vehicle forward and reverse. The
drive shaft must provide a smooth, uninterrupted flow of power to the
axles. The drive shaft and differential are used to transfer this torque.

Fig 2.

 Functions of the Drive Shaft
1. First, it must transmit torque from the transmission to the
differential gear box.
2. During the operation, it is necessary to transmit maximum low-gear
torque developed by the engine.
3. The drive shafts must also be capable of rotating at the very fast
speeds required by the vehicle.
4. The drive shaft must also operate through constantly changing
angles between the transmission, the differential and the axles. As
the rear wheels roll over bumps in the road, the differential and
axles move up and down. This movement changes the angle
between the transmission and the differential.

5. The length of the drive shaft must also be capable of changing while
transmitting torque. Length changes are caused by axle movement
due to torque reaction, road deflections, braking loads and so on. A
slip joint is used to compensate for this motion. The slip joint is
usually made of an internal and external spline. It is located on the
front end of the drive shaft and is connected to the transmission.

 Different Types of Shafts
1. Transmission shaft: These shafts transmit power between the
source and the machines absorbing power. The counter shafts, line
shafts, overhead shafts and all factory shafts are transmission shafts.
Since these shafts carry machine parts such as pulleys, gears etc.,
therefore they are subjected to bending moments in addition to twisting.
2. Machine Shaft: These shafts form an integral part of the machine
itself. For example, the crankshaft is an integral part of I.C.engines
slider-crank mechanism.
3. Axle: A shaft is called “an axle”, if it is a stationary machine
element and is used for the transmission of bending moment only. It
simply acts as a support for rotating bodies.
Application: To support hoisting drum, a car wheel or a rope
sheave.
4. Spindle: A shaft is called “a spindle”, if it is a short shaft that
imparts motion either to a cutting tool or to a work-piece.
Applications:
1. Drill press spindles-impart motion to cutting tool (i.e.) drill.
2. Lathe spindles-impart motion to work-piece.

 Drive Shaft Arrangement in a Car Model
Conventional two-piece drive shaft arrangement for rear wheel vehicle driving system
is shown in figure 3 below.

Figure 3 Conventional two-piece drive shaft arrangement for rear wheel
vehicle driving system

 Demerits of a Conventional Drive Shaft
1. They have less specific modulus and strength.
2. Increased weight.
3. Conventional steel drive shafts are 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. Therefore the steel drive shaft is
made in two sections connected by a support structure, bearings and
U-joints and hence over all weight of assembly will be more .
4. Its corrosion resistance is less as compared with composite
materials.
5. Steel drive shafts have less damping capacity

 Merits of Composite Drive Shaft
1 They have high specific modulus and strength.
2 Reduced weight.
3 The fundamental natural frequency of the carbon fiber composite
drive shaft can be twice as high as that of steel or aluminium
because the carbon fiber composite material has more than 4 times
the specific stiffness of steel or aluminium, which makes it possible
to manufacture the drive shaft of passenger cars in one piece. A
one-piece composite shaft can be manufactured so as to satisfy the
vibration requirements. This eliminates all the assembly, connecting
the two piece steel shafts and thus minimizes the overall weight,
vibrations and the total cost .
4 Due to the weight reduction, fuel consumption will be reduced .
5 They have high damping capacity hence they produce less vibration
and noise .
6 They have good corrosion resistance .
7 Greater torque capacity than steel or aluminium shaft .
8 Longer fatigue life than steel or aluminium shaft.
9 Lower rotating weight transmits more of available power .

 Design of Steel Drive Shaft
Specification of the Problem
The fundamental natural bending frequency for passenger cars, small
trucks, and vans of the propeller shaft should be higher than 6,500 rpm to
avoid whirling vibration and the torque transmission capability of the drive
shaft should be larger than 3,500 Nm. The drive shaft outer diameter should
not exceed 100 mm due to space limitations. Here outer diameter of the
shaft is taken as 90 mm. The drive shaft of transmission system is to be
designed optimally for following specified design requirements as shown in
Table1.
Table 1 Design requirements and specifications
Name

Notation

Unit

value

1

Ultimate Torque

Tmax

Nm

3500

2

Max . speed of shaft

Nmax

rpm

6500

3

Length of shaft

L

mm

1250

Steel (SM45C) used for automotive drive shaft applications. The material
properties of the steel (SM45C) are given in Table 2 The steel drive
shaft should satisfy three design specifications such as torque transmission
capability, buckling torque capability and bending natural frequency.
Table.2 Mechanical properties of Steel (SM45C)

Mechanical
peroperties

Symbol

Units

Steel

Young’s
Modulus

E

GPa

207

Shear modulus

G

GPa

80

Poisson’s ratio

ν

-----

0.3

Density

ρ

Kg/m3

7600

Yield Strength

Sy

MPa

370

Shear Strength

Ss

MPa

----

Torque Transmission capacity of the Drive Shaft

Torsional Buckling Capacity of the Drive Shaft

For long shaft the critical stress is , given by :

For short and medium shaft the critical stress is , given by :

The relation between the torsional buckling capacity and critical stress is given by :

 Design of a Composite Drive Shaft
Specification of the Problem
The specifications of the composite drive shaft of an automotive
transmission are same as that of the steel drive shaft for optimal design .

Assumptions
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. Acoustical fluid interactions are neglected, i.e., the shaft is assumed
to be acting in a vacuum.
7. Since lamina is thin and no out-of-plane loads are applied, it is
considered as under the plane stress.

Selection of Cross-Section
The drive shaft can be solid circular or hollow circular. Here hollow
circular cross-section was chosen because:
•
•

The hollow circular shafts are stronger in per kg weight than solid
circular.
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.

Selection of Reinforcement Fiber
Fibers are available with widely differing properties. Review of the design
and performance requirements usually dictate the fiber/fibers to be used
[1, 2].
 Carbon/Graphite fibers: Its advantages include high specific
strength and modulus, low coefficient of thermal expansion, and
high fatigue strength. Graphite, when used alone has low impact
resistance. Its drawbacks include high cost, low impact resistance,
and high electrical conductivity.
 Glass fibers: Its advantages include its low cost, high strength, high
chemical resistance, and good insulating properties. The
disadvantages are low elastic modulus, poor adhesion to polymers,
low fatigue strength, and high density, which increase shaft size and
weight. Also crack detection becomes difficult.
 Kevlar fibers: Its advantages are low density, high tensile strength,
low cost, and higher impact resistance. The disadvantages are very
low compressive strength, marginal shear strength, and high water
absorption. Kevlar is not recommended for use in torque carrying
application because of its low strength in compression and shear.
Here carbon fibers are selected as potential materials for the design of shaft.

Selection of Resin System
The important considerations in selecting resin are cost, temperature
capability, elongation to failure and resistance to impact (a function of
modulus of elongation). The resins selected for most of the drive shafts are either
epoxies or vinyl esters. Here, epoxy resin was selected due to its high strength,
good wetting of fibers, lower curing shrinkage, and better dimensional
stability .

Selection of Materials
Based on the advantages discussed earlier, the E-Glass/Epoxy, High Strength
Carbon/Epoxy and High Modulus Carbon/Epoxy materials are selected for
composite drive shaft. The Table 3 shows the properties of the E-Glass/Epoxy,
High Strength Carbon/Epoxy and High Modulus Carbon/Epoxy materials used for
composite drive shafts .

Table 3 Properties of E-Glass/Epoxy, HS Carbon/Epoxy and HM
Carbon/Epoxy
S1.NO

Property

Unit

1
2
3
4
5
6
7
8

E11
E22
G12
ν12
St1= Sc1
St2= SC2
S12
ρ

GPa
GPa
GPa
MPa
MPa
MPa
Kg /𝑚3

E
Glass
/epoxy
50
12
5.6
0.3
800
40
72
2000

Hs
Carbon
/epoxy
134
7
5.8
0.3
880
60
97
1600

Hm
Carbon
/epoxy
190
7.7
4.2
0.3
870
54
30
1600

Factor of Safety
The designer must take into account the factor of safety when designing a structure.
Since, composites are highly orthotropic and their fractures were not fully studied the
factor of safety was taken as 2 .

Torque Transmission Capacity of the Shaft
Stress-Strain Relationship for Unidirectional Lamina
The lamina is thin and if no out-of-plane loads are applied, it is considered as
the plane stress problem. Hence, it is possible to reduce the 3-D problem into 2D problem.
For unidirectional 2-D lamina, the stress-strain relationship is given by,

Stress-Strain Relationship for Angle-ply Lamina
The relation between material coordinate system and X-Y-Z coordinate
system is shown in Fig 4.Coordinates 1, 2, 3 are principal material
directions and coordinates X, Y, Z are transformed or laminate axes.

Figure 4 Relation between material coordinate system and X-Y
coordinate system

For an angle-ply lamina where fibers are oriented at an angle with the
positive X-axis (Longitudinal axis of shaft), the effective elastic properties are
given by,

The variation of the Exlamina, Eylamina and Gxylamina with ply orientation is
shown in Fig 5 and 6 respectively.

The stress strain relationship for an angle-ply lamina is given by,

Where i,j=1,2,6
[A],[B],[D] matrices are called the extensinal , coupling , and bending
stiffness matrices respectivly.
We have :

For symmetric laminate , the B matrix vanishes and the in plane and
bending stiffness are uncoupled . For symmetric laminate :

Where :

When the shaft is subjected to torque T, the resultant forces in the
laminate by considering the effect of centrifugal forces are:

Nx = 0

Ny = 2𝜌𝑡 2 𝑟 2

Nz = 𝑇⁄2𝜋𝑟 2

Stresses in the 𝑘 𝑡ℎ ply are given by :

Knowing the stresses in each ply, the failure of the laminate is determined
by
using the First Ply Failure criteria. That is, the laminate is
assumed to fail when the first ply fails. Here maximum stress theory is
used to find the torque transmitting capacity.

Torsional Buckling Capacity (Tcr)
Since long thin hollow shafts are vulnerable to torsional buckling, the
possibility of the torsional buckling of the composite shaft was checked by
the expression for the torsional buckling load T cr of a thin walled
orthotropic tube, which was expressed below [40].

This equation has been generated from the equation of isotropic cylindrical
shell and has been used for the design of drive shafts.

MATLAB
AND
ABAQUS RESULT

MATLAB Result

composite used in this paper is HM carbon /epoxy

HM carbon /epoxy property

Dimension table

Stacking sequence :
̅̅̅̅̅̅] 𝒔
[−𝟔𝟓/𝟐𝟓/𝟔𝟖/−𝟔𝟑/𝟑𝟔/−𝟒𝟎/−𝟑𝟗/𝟕𝟒/−𝟑𝟗
N = 𝟗𝟕𝟐𝟓 𝐫𝐩𝐦
T =𝟑𝟕𝟎𝟎 𝑵. 𝒎

The critical result form dept.of mech .engineering ,PSG college of
technology,india:

Critical result from MATALB code →

Error →

Average of error = 13.84 %

Tsia wu failure theory for critical T :

−65
25
0.7630 1.009

68
1.04

−39
0.6534

-63
−39
−40
36
68
25
−65
0.6534 0.6476 0.9522 0.7384 1.044 1.009 0.7630

74
1.07

-63
36
−40
−39
0.7384 0.9522 0.6476 0.6534

74
1.07

Finite Element Analysis With Abaqus

−39
0.6534

In this section we analyze a drive shaft under those assumption said before:

1st Step: Part Module

According to the given geometry in the paper we define a 3D deformable shell
model with extrusion type!

Then we sketch a circle as the shaft cross section .

Now, we should give the shaft depth .As you see it is 1.25m.

2nd Step: Property Module
First, we should define the material property in create material window.
To define the model properties we follow these steps:

The properties is extracted from the paper

Next, we should define a stacking sequence like what comes in the
paper.
[−65/25/68/−63/36/−40/−39/74/−39]𝑠
To make stacking sequence we selected the Create Composite Layup!
Then we selected the conventional shell and pressed the continue!

Now we can see the stacking sequence in below pictures!

3rd Step: Assembly Module

In this step we should bring the model in the assembly module!

4th Step: Step Module
In the Step module we follow the below path!
Create Step >>Static General

5th Step: Interaction Module
Nothing to do!!! Because we have no Interaction!!!

6th Step: Load Module
Now, we need to define the specified Torque on the model.to do that we follow
this :
Create Load >> Shell Edge Load >> Selecting Shell Edges >>
Entering the Torque Magnitude >> Press Ok!!!

To find the magnitude equivalent to the Critical Torque in the paper we should
multiply the magnitude by the area of the edge!!!
After that, the magnitude calculated was 6.4 E6 !!!

7th Step: Mesh Module
As you see the color of the model is yellow .It says that we can use
the Sweep Mesh in this model.

To generate a sweep mesh on the part, we follow this procedure:
Seed Part Instance >> Choose Approximate Global Size (0.02)
>>Press OK
Mesh Part Instance >> Select The Geometry >> Press Yes

After that the model is Meshed!!!

8th Step : Job Module
In this step we should only create a job to start analysis of the model. To do this
the only work we have to do is:
Press Create Job >> Press Ok >> Press Continue
Now with pressing the SUBMIT button the analysis starts. if there is no
problem in previous Steps, after sometime the complete message is seen in
status column.

9th Step : Visualization Module
After analyzing the model, in this module we see the results.
In the picture below you see the deformed shaft under the critical torque with
the scale factor of about 16 times greater!

ABAQUS Result

Average of error = 5.68 %
Stress table
layer

S11

S22

S12

1

-5.13E+08

2.50E+07

-2.50E+07

2

6.94E+08

-1.25E+07

2.50E+07

3

6.94E+08

-1.26E+07

-2.50E+07

4

-5.50E+08

2.30E+07

-2.30E+07

5

8.61E+08

-1.74E+07

1.30E+07

6

-7.27E+08

2.82E+07

4.50E+06

7

-7.24E+08

2.81E+07

5.80E+06

8

5.64E+08

-8.80E+06

-3.00E+07

9

-7.24E+08

2.81E+07

5.80E+06

Stress11
9
8
7
6
5
4
3
2
1
-1.00E+09

-5.00E+08

0.00E+00

5.00E+08

1.00E+09

1
2
3
4
5
6
7
8
9
Stress11 -5.13E+0 6.94E+086.94E+08 -5.50E+0 8.61E+08 -7.27E+0 -7.24E+0 5.64E+08 -7.24E+0

Stress22
9
8
7
6
5
4
3
2
1
-2.00E+07

-1.00E+07

0.00E+00

1.00E+07

2.00E+07

3.00E+07

4.00E+07

1
2
3
4
5
6
7
8
9
Series1 2.50E+07 -1.25E+0 -1.26E+0 2.30E+07 -1.74E+0 2.82E+07 2.81E+07 -8.80E+0 2.81E+07

Stress12
9
8
7
6
5
4
3
2
1
-4.00E+07 -3.00E+07 -2.00E+07 -1.00E+07 0.00E+00 1.00E+07 2.00E+07 3.00E+07
1
2
3
4
5
6
7
8
9
Stress12 -2.50E+02.50E+07-2.50E+0 -2.30E+01.30E+074.50E+065.80E+06-3.00E+05.80E+06

 Conclusion
In this paper after analyzing a composite shaft with numerical & finite element
software (Matlab & Abaqus) and comparing the results with the source paper we
conclude that the numerical solution had about 14% average error and about 6%
for finite element analysis.
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