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Abstract 

The overall objectives to analyze a composite propeller shaft for power transmission applications. A propeller shaft for rear 
wheel drive automobile was optimally using E-Glass/Epoxy and High modulus (HM) Carbon/Epoxy composites. This work deals 
with the replacement of the two-piece steel propeller shaft with a single-piece E-Glass/Epoxy, high strength carbon-epoxy 
propeller shaft. Substituting the composite structure for the conventional metallic structures has many advantages because of 
higher specific stiffness and strength of the composite materials. The design parameters are made with the objective of 
minimizing the weight of the propeller shaft using the composite material and it shows significant potential in improvement of 
the performance of the propeller shaft. The analysis’s done using ANSYS software. 

 

 

1. Introduction 
 

Composites are one of the most widely used materials because of their adaptability to different situations and 
the relative ease of combination with other materials to serve specific purposes and exhibit desirable properties. 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 modules (modulus/density). Advanced 
composite materials seem ideally suited for long, power 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 propeller 
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.  
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1.1 Design of a Composite Propeller Shaft 

Specification of the Problem: The specification of the composite propeller shaft of an automobile transmission 
is same as that of the steel propeller 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 geometric 

center. 
4. All damping and nonlinear effects are excluded. 
5. The stress-strain relationship for composite material is liner & elastic; hence, Hook’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 

 

1.2 Selection of Material 

Based on the advantages discussed earlier, the carbon/epoxy has been selected for composite propeller shaft  
properties of the carbon/epoxy in SI Units. 

 

Table1: Mechanical Properties of Carbon/Epoxy Material in SI Unit 

Property Unidirectional Reinforced Composite 
Material 

Carbon/Epoxy 

E1 207GPa 

E2 5GPa 

ν12 .25 

G12 2.6GPa 

Xt 1035MPa 

Yt 41MPa 

Τ 69MPa 

Xc 689MPa 

Yc 117MPa 

                                

1.3 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 2-D problem. For unidirectional 2-D lamina, the stress-strain relationship in 
terms of principle material direction is given by, 
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Fig 1: Unidirectional Reinforced Lamina 

 

1.4 Stress-Strain Relationship in Arbitrary Orientation 

For an angle-ply lamina, where fibers are oriented at an angle with the positive X-axis (longitudinal axis of shaft), 
the stress-strain relationship is given by; 

1.4.1 Force and Moment Resultants 

For a symmetric laminate, the B matrix vanishes and the in plane and bending stiff nesses are uncoupled. 

 

 

Fig 2: In-Plane Forces in a Flat Lamina 
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Fig 3: Moment on Flat Lamina 

 

Where  and  in referred as forces and moments per unit width. 

[A] = 

 

Where [ ]k is the stiffness of the kth layer and tk is the thickness of the kth layer.  

[B] = 

 

Where is the distance from the mid-plan to the centroid of the kth layer 

[D] = 

 

Where represent [A], [B] and [D] are extensional, coupling and bending stiff nesses having 
respectively, Zk is the distance between the natural fiber to the top of the  layer. Strains in the 

reference surface are given by; 
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1.5 Elastic Constant for the Composite Propeller Shaft 

Elastic constant for the composite shaft are given by: 

 

Where Ex and Ey are the Young’s modulus of the shaft in axial and hoop direction: 

 

Where Gxy and Vxy are the rigidity modulus in xy plane and Poisson’s ratio of the composite shaft. When a shaft is 
subjected to torque T, the resultant forces Nx, Ny, Nxy in the laminate by considering the effect of centrifugal forces 
are: 

 

Where ρ is the density, t is the thickness, r mean radius and ώ is the angular velocity of the composite shaft knowing 
the stresses in each ply, the failure of the laminate is determine 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. 

1.6 Torsional Buckling Capacity (Tcr): 

Since long thin hollow shaft are vulnerable to torsional buckling, the possibility of the torsional buckling of 
the composite shaft was checked by the expression for the torsinoal buckling load Tcrof a thin walled orthotropic 
tube, which was expressed below. 
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This equation has been generated from the equation of isotropic cylindrical shell and has been used for the design of 
propeller shafts. From the equation, the torsional buckling capability of composite propeller shaft is strongly 
deepened on the thickness of composite shaft and the average modulus in the hoop direction. 

1.7 Lateral or Bending Vibration: 

The shaft is considered as simply supported undergoing transverse vibration or can be idealized as a 
pinned-pinned beam. Natural frequency can be found by using Timoshenko Beam Theory. 

1.8 Timoshenko Beam Theory - (Ncrt): 

 

It considers both transverse shear deformation as well as rotary inertia effects. Natural frequency based on 
the Timoshenko beam theory is given by,  

 

 

 

 = 2 for hollow circular cross-section 
 

2. Analysis Calculations Of Composite Shaft 

Calculation is done for find out optimum thickness and stacking sequence of composite propeller shaft. The 
shear stress τ is as follows: 

 

Taking into account the nature of the loading on the laminate making up the shaft(pure shear), the composition of 
the shaft requires 

 

Fig 4: Shaft subjected to torque& pure stress 
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FEA is a computer based numerical technique for calculating the strength and behavior of engineering structures. It 
can be used to calculate deflection, stress, and vibration. Buckling behavior and many other phenomena. It also can 
be analyze either small or large-scale deflection under loading or applied displacement. It uses a numerical 
technique called the finite element method (FEM). In FEM, the actual continuum is represented by the finite 
element. These elements are considered to be joined at specified joints called nodes or nodal point. As the actual 
variation of the field variable (like displacement, temp., and pressure or velocity) inside the continuum is not known, 
the variation of the field variable inside a finite element is approximated by a simple function. The approximating 
functions are also called as interpolation model and are defined in terms of field variable at the nodes. When the 
equilibrium equations for the whole continuum are known, the unknown will be the nodal values of the field 
variable. 

 

 

 

 

 

 

 

Table 2 

In this project FEA was carried out using the FEA software ANSYS. The primary unknown in this 
structural analysis are displacement and other quantities, such as strain, stress, and reaction forces, are then derived 
from the nodal displacements. 

2.1  Modeling Linear Layered Shell 

SHELL99 and SHELL281 both are used in layered application of a structural shell model as shown in fig.  
Both elements allow up to 250 layers. The element has six degrees of freedom at each node: translations in the nodal 
x, y, and z directions and rotations about the nodal x, y, and z-axes. SHELL281 is suitable for analyzing thin to 

moderately-thick shell structures. It is an 8-node element with six degrees of freedom at each node: translations in 

the x, y, and z axes, and rotations about the x, y, and z-axes. (When using the membrane option, the element has 

translational degrees of freedom only. 

 

Fig 5:Shell 281 geometry 

 

Case No. 

Staking Sequence 

Case 1 [45/-45/45/45/-45/45]s 

Case 2 [90/45/0/0/45/90]s 

Case 3 [0/45/90/90/45/0]s 

Case 4 [30/60/30/30/60/30]s 

Case 5 [30/-60/30/30/-60/30]s 
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For better accuracy, ANSYS recommends quadrilateral shaped elements. Use degenerate triangular shapes 
sparingly. 

SHELL281 is well-suited for linear, large rotation, and/or large strain nonlinear applications. Change in shell 
thickness is accounted for in nonlinear analyses. The element accounts for follower (load stiffness) effects of 
distributed pressures. 

SHELL281 may be used for layered applications for modeling laminated composite shells or sandwich construction. 
The accuracy in modeling composite shells is governed by the first order shear deformation theory (usually referred 
to as Mindlin-Reissner shell theory). SHELL281 can be used instead of SHELL91, SHELL93, and SHELL99 for 
most problems.  

2.1.1 Input Data 

The geometry, node locations, and the element coordinate system for this element are shown in Figure: 
"SHELL281 Geometry". The element is defined by eight nodes: I, J, K, L, M,N, O and P. Midsize nodes may not be 
removed from this element. A triangular-shaped element may be formed by defining the same node number for 
nodes K, L and O. The element formulation is based on logarithmic strain and true stress measures. The element 
kinematics allow for finite membrane strains (stretching). However, the curvature changes within a time increment 
are assumed to be small. To define the thickness and other information, you can use either real constants or section 
definition (and a section can be partially defined using data from a FiberSIM .xml file). The option of using real 
constants is available only for single-layer shells. If a SHELL281 element references both real constant set data and 
a valid shell section type, real constant data is ignored. 

Alternatively, the shell thickness and more general properties may be specified using section commands. 
SHELL281 may be associated with a shell section (SECTYPE). Shell section is a more general method to define 
shell construction than the real constants option. Shell section commands allow for layered composite shell 
definition, and provide the input options for specifying the thickness, material, orientation and number of integration 
points through the thickness of the layers. Note that a single layer shell is not precluded using shell section 
definition, but provides more flexible options such as the use of the ANSYS function builder to define thickness as a 
function of global coordinates and the number of integration points used. 

You may designate the number of integration points (1, 3, 5, 7, or 9) located through the thickness of each 
layer when using section input. When only one, the point is always located midway between the top and bottom 
surfaces. If three or more points, two points are located on the top and bottom surfaces respectively and the 
remaining points are distributed at equal distances between the two points. An exception occurs when designating 
five points, where the quarter point locations are moved five percent toward their nearest layer surface to agree with 
the locations selected with real constant input. The default number of integration points for each layer is 3. However, 
when a single layer is defined and plasticity is present, the number of integration points will be changed to a 
minimum of 5 during solution. Note that when Real Constants are used, ANSYS uses 5 points of integration and 
Sections will produce a comparable solution. 

2.2  Structural Mass Element 

MASS21 is a point element having up to six degrees of freedom: translations in the nodal x, y, and z 
directions and rotations about the nodal x, y, and z axes. A different mass and rotary inertia may be assigned to each 
coordinate direction.  
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2.2.1 Input Data 

The mass element is defined by a single node, concentrated mass components (Force*Time2/Length) in the 
element coordinate directions, and rotary inertias (Force*Length*Time2) about the element coordinate axes. The 
element coordinate system may be initially parallel to the global Cartesian coordinate system or to the nodal 
coordinate system (KEYOPT(2)). The element coordinate system rotates with the nodal coordinate rotations during 
a large deflection analysis. Options are available to exclude the rotary inertia effects and to reduce the element to a 
2-D capability (KEYOPT(3)). If the element requires only one mass input, it is assumed to act in all appropriate 
coordinate directions. 

KEYOPT(1) = 1 defines the mass in volume*density form, which allows plotting of the mass using 
/ESHAPE, as well as the use of a temperature-dependent density. 

2.3Structural Analysis 

Structural analysis is probably the most common application of the finite element method. The term 
structural (or structure) implies not only civil engineering structures such as bridges and buildings, but also naval, 
aeronautical, and mechanical structures such as ship hulls, aircraft bodies, and machine housings, as well as 
mechanical components such as pistons, machine parts, and tools. 

2.3.1 Types of Structural Analysis 

The seven types of structural analyses available in the ANSYS family of products are explained below. The 
primary unknowns (nodal degrees of freedom) calculated in a structural analysis are displacements. Other quantities, 
such as strains, stresses, and reaction forces, are then derived from the nodal displacements. 

1. Static Analysis--Used to determine displacements, stresses, etc. under static loading conditions. Both linear 
and nonlinear static analyses. Nonlinearities can include plasticity, stress stiffening, large deflection, large 
strain, hyper elasticity, contact surfaces, and creep. 

2. Modal Analysis--Used to calculate the natural frequencies and mode shapes of a structure. Different mode 
extraction methods are available.  

3. Harmonic Analysis--Used to determine the response of a structure to harmonically time-varying loads. 
4. Transient Dynamic Analysis--Used to determine the response of a structure to arbitrarily time-varying 

loads. All nonlinearities mentioned under Static Analysis above are allowed.  
5. Spectrum Analysis--An extension of the modal analysis, used to calculate stresses and strains due to a 

response spectrum or a PSD input (random vibrations). 
6. Buckling Analysis--Used to calculate the buckling loads and determine the buckling mode shape. Both 

linear (eigenvalue) buckling and nonlinear buckling analyses are possible 
7.  

2.4 ANSYS Software Analysis Procedure 

 

 

 

 

 

 

 

Set Preference – Structure 

Select element type 

1. Structure Shell 281 

2. Structure Mass 21 
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Table 3 

3. Result & Comparison 

3.1 Extensional, Coupling and Bending stiffness’s Matrix 

 

1. Case 1 

The extensional stiffness matrix [A]: 

337.8 306.6 101.2

306.6 337.8 101.2

101.2 101.2 314.7

 

 

Put Material Properties 

Material Modal                    Structure 

Define Section/Layers 

Section    Shell 

Import/Make Modal 

File        Import/Resume from 

Meshing 

Meshing Mesh Tool Quad 

Set Boundary Condition 

Give Boundary Condition or Forces or 

Pressure etc. 

Run the Solver 

Solution   Solve 

View/Save Result 

General Postpros Result viewer 
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The strain-curvature coupling stiffness matrix [B]:  

0 0 0

0 0 0

0 0 0

 

 

The bending stiffness matrix [C]: 

 
1014 919.9 337.2

919.9 1014 337.2

337.20 337.2 944.2

 

2. Case 2 

The extensional stiffness matrix [A]:  

��. � ��. � ���. �

��. � ��. � ���. �

���. � ���. � ���. �

 

 

 

The strain-curvature coupling stiffness matrix [B]:  

0 0 0

0 0 0

0 0 0

 

 

The bending stiffness matrix [C]:  

���� ��� ���. �

��� ���� ���. �

���. � ���. � ���. �

 

3. Case 3 
 

The extensional stiffness matrix [A]:  

��. � ��. � ���. �

��. � ��. � ���. �

���. � ���. � ���. �

 

The strain-curvature coupling stiffness matrix [B]:  

0 0 0

0 0 0

0 0 0
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The bending stiffness matrix [C]:  

���� ��� ���. �

��� ���� ���. �

���. � ���. � ���. �

 

4. Case 4 

The extensional stiffness matrix [A]:  

���. � ���. � ���

���. � ���. � ���. �

��� ���. � ���. �

 

   

The strain-curvature coupling stiffness matrix [B]:  

0 0 0

0 0 0

0 0 0

 

The bending stiffness matrix [C]:  

��� ���. � ���. �

���. � ���.  ���. �

���. � ���. � ��. �

 

 

5. Case 5 

The extensional stiffness matrix [A]:  

���. � ���. � ���

���. � ���. � ���. �

��� ���. � ���. �

 

 

The strain-curvature coupling stiffness matrix [B]:  

0 0 0

0 0 0

0 0 0

 

The bending stiffness matrix [C]:  

��� ���. � ���. �

���. � ���.  ���. �

���. � ���. � ��. �
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Note:- Case 1& 2 or 3 & 4 have different staking sequence but the outcome is same. So I only consider after now 
three cases, both case (1&2) or (3&4) consider in one and one case. 

3.2 Design Checking/Analysis 

The Predicted values are given data. 

� Case 1 
Stress Allowable(MPa) Predicted(MPa) Design is 

OK/NOT 

Xt 517.5 400 Ok 

Yt 20.5 15 Ok 

Τ 34.5 22 Ok 

Xc 344.5 256 Ok 

Yc 58.5 40 Ok 

Table 4: Conclusion of Case 1 

�  Case 2 & 3 
 

Stress Allowable(MPa) Predicted(MPa) Design is 
OK/NOT 

Xt 517.5 255.6 Ok 

Yt 20.5 10.3 Ok 

Τ 34.5 28 Ok 

Xc 344.5 210.5 Ok 

Yc 58.5 22.9 Ok 

Table 5: Conclusion of Case 2 & 3 

�  Case 3 & 4 
 

Stress Allowable(MPa) Predicted(MPa) Design is 
OK/NOT 

Xt 517.5 324.8 Ok 

Yt 20.5 15.3 Ok 

Τ 34.5 34 Ok 

Xc 344.5 315 Ok 

Yc 58.5 45 Ok 

Table 6: Conclusion of Case 3 &4 
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3.3 Elastic Constant for the Composite Propeller Shaft 

The elastic constant of carbon/epoxy propeller shaft are shown in Table  

 Table 7: Elastic Constant of Composite Propeller shaft 

3.4Torque Transmission Capacity of the Propeller Shaft 

Torque transmission capacity of carbon/epoxy propeller shaft is shown in the Table 8.5 

Case No. Torque (T){Nm} 

Case 1 2254.77 

Case 2 2254.77 

Case 3 2254.77 

Case 4 2254.77 

Case 5 2254.77 

Table 8: Torque Transmission Capacity of Composite Propeller shaft 

 

3.5 Torsional Buckling Capacity (Tcr) 

The torsional buckling capacity of carbon/epoxy propeller shaft are shown in Table 8.6 

Case No. Torsional (Tcr){Nm} 

Case 1 3538.53 

Case 2 30426 

Case 3 30426 

Case 4 13822 

Case 5 13822 

Table 9: Torsional Buckling Capacity of Composite Propeller shaft 

 

Case No. Ex (GPa) Ey (GPa) Gxy (GPa) νxy 

Case 1 19.8 19.8 104.9 .9 

Case 2 170.25 170.25 38.43 .2 

Case 3 170.25 170.25 38.43 .2 

Case 4 112.58 68.25 79.96 .4 

Case 5 112.58 68.25 79.96 .4 
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3.6 Weight Saving 

The difference of weight between steel and carbon/epoxy propeller shaft are shown in Table  

Material Weight 
(Kg) 

Saving (%) 

Steel 5.63 ----- 

Carbon/Epoxy 0.89 84.2 

 Table 10: Weight Comparison of steel versus Composite Propeller shaft 

 

3.7The Effect of Transverse Shear and Rotary Inertia on the Fundamental Natural Frequency 

Natural frequency is calculated by using Timoshenko beam theories are shown in below Table  

 

Case No. Ncrt (rpm) 

Case No. 1 7088 

Case No. 2 & 3 22749 

Case No. 4 & 5  19268 

Table 11: Natural frequency (Ncrt) 

3.8 Deflection 

The deflections of carbon/epoxy propeller shaft are shown below in Table. 

 

Case No./ 
Material 

Deflection (mm) 

Steel 1.05 

Case 1 4.935 

Case 2 & 3 1.42 

Case 4 & 5 6.769 

 

4. Conclusion  

I. The Carbon /Epoxy composite propeller shaft have been designed to replace the steel propeller shaft of an 
automobile. 

II. A one-piece composite propeller shaft for rear wheel drive automobile has been designed optimally 
objective of minimization of weight of the shaft which was subjected to the constrains such as torque 
transmission, torsional buckling capacities and natural bending frequency. 
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III.  The weight saving of the carbon/epoxy shaft was equal to 84.2% of the weight of steel shaft respectively. 
IV.   By using Extensional, Coupling and Bending stiffness’s Matrix, find out the elastic constant of composite 

propeller shaft. Shown in Table 12 
V. The torsional buckling capacity of all carbon/epoxy composite propeller shafts in different stacking 

sequence is shown in Table 13 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 12 
 
 
 

 

 

 

 

Table 13 

 

 

 

 

 

 

 

Table 14 

VI.  The torque transmission capacity of the composite propeller shaft has been fulfill the objective of the 
problem. 

VII.  Deflection in carbon/epoxy propeller shaft is shown in Table 15 
 
 

Case No./ Material Deflection (mm) 

Steel 1.05 

Case No. Ex (MPa) Ey (MPa) Gxy (MPa) νxy 

Case 1 19.8 19.8 104.9 .9 

Case 2 170.25 170.25 38.43 .2 

Case 3 170.25 170.25 38.43 .2 

Case 4 112.58 68.25 79.96 .4 

Case 5 112.58 68.25 79.96 .4 

Material Staking Sequence 

 

 

Carbon/Epoxy 

[45/-45/45/45/-45/45]s 

[90/45/0/0/45/90]s 

[0/45/90/90/45/0]s 

Case No. Torsional (Tcr){Nm} 

Case 1 3538.53 

Case 2 30426 

Case 3 30426 

Case 4 13822 

Case 5 13822 
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Case 1 4.935 

Case 2 & 3 1.42 

Case 4 & 5 6.769 

Table 15 

VIII.  Software analysis is also proving the composite propeller shaft has been fulfilling all design 
requirements. 

IX.  Use of ANSYS for better stacking sequence, better torque transmission capacity and bending 
vibration characteristics. 

X. The usage of composite materials has resulted in considerable amount of weight saving in the 
range of 48 to 86% when compared to steel shaft. 

XI.  The fibre orientation of a composite shaft strongly affects the buckling torque 
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