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1.Introduction 
Composite materials have been used more and more 

over the years, mostly in the aerospace and auto 

industries. This is because there are so many ways to 

get the proper properties for different uses. 

Composite shafts are growing in popularity as a 

practical solution to the problems present in metallic 

shafts, and one of the most promising applications is 

in rotor dynamics [1, 2]. 

 

A shaft is a rotating machine component that is 

responsible for supplying power from the source to 

the necessary part [3]. Tangential force transmits 

power to the shaft, and the resulting torque supports 

it in transmitting power to various elements attached 

[4, 5]. The clutch assembly transfers power from the 

engine to the drive shafts, which then send it through 

the transmission system to the rear wheels, which are 

ultimately responsible for moving the vehicle.  

 

 

 
*Author for correspondence 

One of the design engineers' targeted outcomes is 

improving the automobile's fuel economy. Thorough 

theoretical and practical study confirms the possible 

use of composite material in vehicle and helicopter 

tail rotor shafts [6, 7]. 

 

Carbon steels are commonly used in shafts for 

vehicle applications but are relatively heavier due to 

their high density [8]. According to the rule of thumb, 

roughly 22% of the engine's power is wasted because 

heavier components demand more energy to rotate. 

In addition, metallic shafts have weight, critical 

speed, and vibration limits. 

 

Composite materials can be used to replace 

traditional shaft materials since they have high 

specific strength and modulus without compromising 

the component's dependability. Composite materials 

are made up of two materials that have distinct 

physical and chemical characteristics. It is lighter and 

stronger and can provide design flexibility and 

provide resistance to corrosion as well as wear.  

Compared to conventional materials, composite 
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materials also provide a longer fatigue life [9, 10]. By 

adjusting parameters such as fibre and matrix 

composition, fibre orientation, number of layers, 

stacking sequence, layer thickness, and other 

geometric factors, the stiffness and damping qualities 

of composite material shafts may be modified. In this 

way, the rotor system's critical velocities may be 

easily adjusted to meet the demands of a given 

project. As the system reaches critical speeds, the 

vibration amplitudes may also be reduced. Shaft 

vibration amplitudes at high speeds can be reduced 

by using composite material, however, this might 

lead to system instability [11]. Currently, functionally 

graded materials (FGM) are frequently used to 

address reliability and durability problems that arise 

when various materials with different mechanical 

properties such as variations in hardness, toughness, 

thermal and residual stresses, and strengths of the 

interfaces are used within one application. 

 

Depending on the combinations of elements 

employed, FGMs were first categorized by 

researchers as standard composite materials. FGMs 

may be created using a wide variety of material 

combinations. As indicated in Figure 1, the most 

typical combinations are presented. 

 

 
Figure 1 Examples of possible material combinations used in FGMs 

 

The mathematical model of the general physical 

phenomena is widely used and the simulation 

considering the most promising tool in the field of 

material and engineering sciences [1216]. 

Composite shafts are often modelled using 

simplifying assumptions, which allow for a 

sufficiently realistic representation of the system's 

dynamic behaviour while keeping a suitably low 

computing cost. For the study of composites, many 

new finite element formulations have been presented, 

including those based on homogeneous beam theory, 

equivalent layer theory, and the more expensive 

layer-wise models [17, 18]. 

 

The present study is carried out by investigating the 

rotor dynamic analysis of the hollow shaft at 

composite materials such that carbon/epoxy and 

Baron/epoxy and comparing them with a solid shaft 

made up of steel and titanium alloy of the same outer 

diameter, also predict the characteristics of composite 

materials in the automotive sector such that 

driveshaft. Identifying the relevant design factors, 

such as shear stress, torque capacity, failure torque 

and total deformation of a composite drive shaft may 

be efficiently designed to fulfil the performance 

expectations. Analysis of vibration characteristics 

also studied such as critical speed, whirling 

frequency and natural frequency. The shaft might be 

solid or hollow circular, but hollow shafts are 

stronger per kilogram of weight than solid shafts. The 

stress distribution in a solid shaft is zero in the 

middle and highest at the outside surface, but the 

stress distribution in a hollow shaft is smaller, 

therefore, in this present study, the hollow circular 

cross-section is chosen. In the current study, 

engineering simulation software (ANSYS) is used for 

performing the computational analysis of hollow and 

solid shaft systems. 

 

The paper was organized into several sections, 

starting with an introduction in Section 1, followed 

by a literature review in Section 2. In Section 3, the 

finite element model was developed to design the 

hollow shaft for both steel and composite materials. 

Subsection 3.1 presented the mathematical model 

related to the dynamic characteristics of the shaft, 

while subsection 3.2 detailed the material properties 

of the shaft. The design of the hollow shaft was 

crucial to the project's success, and both the 

mathematical model and the material properties 

played significant roles in this process. Section 4 

primarily presented the numerical results of the rotor 
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dynamics. A rotor dynamic analysis was conducted 

using the steps outlined in the materials and 

techniques section, and the results were discussed. 

The rotor dynamic analysis was a critical component 

of the project, and the numerical results provided 

valuable insights into the project's overall 

performance. Finally, in Section 5, the conclusions 

and future works remarks were summarized. The 

future works remarks emphasized the need for further 

research, particularly in comparing other materials 

and geometries to gain a better understanding of the 

mechanical parameters that best suit the project. 

 

2.Literature review  
The dynamic analysis of rotating composite shafts 

was carried out using well-known research [1921], 

composite hollow shafts and solid shafts were 

subjected to both numerical and experimental 

investigations, with an emphasis on eigenvalues, 

damping estimates, and imbalance reactions, torque 

capacity and critical speed  [18, 2224]. These 

findings prepared the path of employing the 

composite material for various automobile shafts, 

centrifugal separators, and marine industrial rotor 

shaft applications [25, 26] to improve shaft stiffness 

and move the natural frequency above the operational 

speeds [2730]. Also, give designers the option of 

achieving specified behaviour in terms of critical 

speed location by rearranging the different composite 

layers the number of plies and their direction such 

that  [31, 32]. Therefore, in these studies, researchers 

looked at how changing the orientation of the fibres 

and the order stacked, in addition, affected the 

composite drive shaft's first natural frequency and 

bending torque by constructing a finite element 

model for a composite drive shaft. Because of 

spacing constraints, the length and outer radius of 

drive shafts must be kept to a minimum. Other 

dimensions like the interior radius, layer thickness, 

layer number, fibre orientation angle and layer. 

Stacking sequence are free to be manipulated 

throughout the design process. These parameters are 

limited in the best design of the drive shaft by the 

lateral natural frequency, torsional vibration, and 

torsional strength. 

 

Investigate how fiber orientation influences 

composite samples made from natural fibers such as 

flax, hemp, and kenaf. The composite samples were 

created using a procedure that combines hand layup 

with cold compression [33]. A recent study analysed 

the dynamic instability of a composite shaft that 

rotates on an internal damper such that [3436] gave 

an account of a helicopter's tail rotor driveshaft made 

of a boron/epoxy composite. Using the equivalent 

modulus beam and layer-wise beam theories, we 

analysed how the stacking sequences, fibre 

orientation, and transversal shear impact affected the 

natural frequencies and instability thresholds of the 

shaft. It was shown that the threshold of shaft 

instability depends on the laminate's characteristics. 

A damping estimate was provided by Alwan et al. 

[37]. 

 

The ideal design of the drive shafts aims to achieve 

low values for weight, high values for critical torque, 

and high values for critical speed. The eigenvalues, 

damping estimates, and imbalance responses of the 

rotor system were the primary focus of both 

numerical and experimental evaluations conducted on 

composite tube shafts and solid shafts. The 

mathematical formulation of a rotating shaft with 

shape memory alloy wires embedded in it was 

proposed by [38, 39] in these studies the simulations 

showed how the wire design is related to the rotor 

system's critical speeds also, all of the composite 

hollow shaft's anisotropy was considered in the 

model. 

 

The findings of ANSYS simulations reveal that 

composite materials are the best materials for 

designing shafts, signifying the best option for the 

driving shaft. Because of its great strength and low 

weight, the automotive design may be optimized, and 

the vehicle's fuel consumption can be lowered. The 

present study received special attention, in this study, 

the effects of varying rotation speeds on the dynamic 

behaviour of composites including carbon/epoxy and 

boron/epoxy were examined and compared with steel 

and titanium alloy materials. 

 

3.Methods 
In order to characterise the vibration of the rotor 

dynamic bearing shaft where torsional stress and 

modal analysis are performed, it is necessary to 

assess the material strength related to the power 

supplied by the shaft. For these purposes, a 

simulation tool is considered a promising tool 

considered to this field [40]. Therefore, a finite 

element analysis tool, engineering simulation 

software (ANSYS) is utilized for the application of 

the three dimensions (3D) rotor dynamic examination 

of composite material. 

 

This study uses mathematical formulation to 

calculate the performance of the rotor shaft when 

using both models at two main materials steel and 

titanium alloy as metallic materials and composite 
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materials such as carbon/ epoxy and boron/epoxy 

therefore, a block diagram illustrated in Figure 2 

shows the finite element process used to determine 

the dynamic response of rotor dynamics of the 

hollow shaft system. 

 

 
Figure 2 Block diagram for the rotor dynamics 

approach 

 

3.1Finite element formulation 

A composite shaft can be made by wrapping many 

plies of embedded fibres onto a cylinder, as 

illustrated in Figure 3(a). As can be seen in Figure 

3(b), each ply exhibits an orthotropic mechanical 

behaviour. In this case, the orthotropic axes are (1, 2, 

3). Hence, 1 represents the fibre direction, 2 is the 

transverse direction of the fibres in the ply, 3 is the 

perpendicular direction of the ply, and φ the ply fibre 

angle.  

 

 
Figure 3 a) Composite rotor b) plan of ply 

 

For an orthotropic material, the generalized Hooke's 

law is expressed as shown in Equation 1 [23]. 
{ }  [ ]{ }    { }  [ ]{ }  (1) 
 

where { } and { } are the stress and strain stiffness 

components, [ ] and  [ ] is the compliance and 

stiffness matrices respectively, the inverse of the 

compliance matrix equals the stiffness matrix. The 

stiffness matrix can be determined by considering 

that [ ]  [ ]    so only the term of the compliance 

matrix will be formulated here as shown in Equation 

2.  
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In this case, the orthotropic axes are (1, 2, 3) as seen 

also in Figure 3(b). Hence, 1 represents the fibre 

direction, 2 is the transverse direction of the fibres in 

the ply, 3 is the perpendicular direction of the ply, 

and φ the ply fibre angle. Each plies plane stress 

condition may be uniquely identified (     ). 

 

After that, the preceding relationship may then be 

split into the membrane effect and transverse shear 

effect. as shown in Equation 3. 
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For each ply, the following variables must be 

specified;    and    are young moduli in the 

orthotropic axes, and    ,     and     transversal 

shear moduli, and     and     Poisson’s ratios. The 

shear moduli G23 and G13 are generally difficult to 

estimate when thinking about transversal shear 

effects, thus it is common to practise just assuming 

they have the same value as G12.  

 

Accordingly, Hooke's law is recalled, and the stress-

strain relationships of the angle φ lamina are given as 

shown in Equation 4. 
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The general rotor dynamic system as shown in 

Equation 6. 
[ ]{ ̈}   [ ]  [    ] { ̇}   [ ]  [ ] { }  { } (6)  

 

Where [ ], [ ] are the elastic stiffness matrices and 

symmetric mass, in addition, [ ] [ ] are is the global 

asymmetric damping and antisymmetric gyroscopic 

matrices (function of the speed of rotation (Ω)) 

component the external force component, [ ] a 

stiffness matrix as a function of the internal damping 

of the rotating shaft. 

 

The elemental mass at any layer joining nodes i and j 

in a normalized coordinate system of x ranging from 

1 to -1 is given in Equation 7. 
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ρ is the material density, and [N] is the matrix of 

element shape function for each node at i and j. The 

elemental stiffness matrix is provided by Equation 8. 
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where [B] is the strain matrix of the element, [J] is 

the Jacobian matrix, and [ ̅] is the stiffness matrix of 

the converted material, defined as [ ]  [ ][ ], [ ] is 
the transformation matrix. 

 

The local coordinate system formulation of the 

material stiffness matrix [D] is given in Equation 9. 
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The Kelvin-Voigt model is used to represent the 

isotropic bearing supports, which include stiffness 

and viscous damping characteristics. 

 

The dynamic response in any mode of vibration of a 

vibrating system is given as {  }  {  } 
    e, and 

the quadratic equation of the Eigen solution is given 

in Equation 10. 

   
 [ ]{  }   [ ]{  }    [ ]{  }      where         

                         
  

  
                     (10) 

   is the displacement vector and    is the complex 

value at the mode i, the real component of the 

eigenvalue    indicates the Eigen problem's stability, 

    are the imaginary eigenvalues indicating damping 

frequency, The logarithmic decrement    is the ratio 

between two successive peaks in the dynamic 

response and the model damping ratio   can be 

calculated as this value. 

 

Finally, the strain energy of each element can be 

determined as shown in Equation 11. 
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Where { } and  { } are the stress and elastic strain 

components respectively, n is the nodal integer points 

number,    is the volume at each nodal integer i, { } 
is the degree of freedom component at the element 

and {  } is the stiffness matrix of the elements.  

 

However, Figure 4 shows the distribution of torsional 

shear stress in a hollow shaft where the value for   is 

minimal at r1 (di/2) and greatest at r2 (do/2) and the 

shear stress (torque capacity τ max) for a hollow shaft 

is given in Equation 12. 

     
       

     
    

  
    (12) 

 

 
Figure 4 Torsional shear stress distribution 

 

Also, the failure torque is given in Equation 13. 

 

                            (13) 

where S12 and t are the tensile strength and thickness 

of the hollow shaft respectively.  

 

3.2Materials   

Carbon/epoxy and Boron/epoxy composite material 

systems are employed and compared with 

conventional rotating shafts that are manufactured of 

steel, but titanium alloy is occasionally also utilized, 

the material properties are given in Table 1. 

 

The geometric details of the selected shaft system 

under investigation included the layer thickness, the 

number of layers and layer sequences of the 

composite materials is shown in Table 2. The finite 

element model is also given in Figure 5. The 

thickness of each layer is 1.4 mm, and the fiber 

orientation is (90, 45, -45,06, 90) (from inner to outer 

layers). The analysis is performed for 10-ply shafts. 

The natural frequency may be raised by raising the 

modulus of elasticity in the longitudinal direction of 

the shaft, and this is why a zero-degree fibre 

orientation is so crucial [41]. 

Table 1 Material properties 

 Modulus (GPa) Strength (MPa)  

Tensile Shear Tensile Shear Density 

(kg/m3 

Poisson’s 

ratio 

Material E1 E2 G12 G23 S1 S12 S23 Ρ υ12 

Steel 210 210 84 84 950 450 - 7830 0.3 

Carbon/Epoxy 134 7 5.8 5.8 880 97 15 1600 0.3 

Titanium Alloy 96 96 35.2 35.2 930 550 - 4620 0.36 

Boron/Epoxy 200 19.6 7.5 5.5 1500 110 15 1967 0.3 

Table 2 Details of the hollow composite shaft 

Specifications Length Mean 

radius 

Number of 

layers 

Layer 

thickness 

Fiber 

orientation 

angle 

Isotropic 

Bearing 

stiffness 

Isotropic 

Bearing 

damping 

Parameters 1500 mm 31.5mm 10 1.4 mm [90,45,-

45,06,90] 

5e4 N/mm 1 Ns/mm 

 

The steps to handle the static and dynamic problems 

in the ANSYS workbench are demonstrated in Figure 

6. The multilayer composite materials' fiber 

orientation, model inspection, failure analysis, and 

parameterization may all be captured with the help of 

the ANSYS Composite Prep Post (ACP Pre) module. 

The plies were introduced to the ACP model of 

Ansys starting with a constant diameter and piled in 

an outward normal orientation as shown in Figure 5. 

Every ply is described separately, and the program 

converts this structure into a solid model. This kind 

of modelling allows for a ply-by-ply investigation of 

the system’s behaviour. 

 

The deformation, stresses, strains, and forces in 

structures or components induced by loads are 

determined through a static structural analysis 

component as shown in Figure 6. The natural 
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frequency and mode shape of a component are 

determined using modal analysis, which is a dynamic 

analysis. The mode shape and natural frequency are 

essential parameters to consider when designing a 

component for dynamic loading such that critical 

speeds and system stability.  

 

 
Figure 5 Finite element model of the rotating shaft made from fiber composite materials 

 

 
Figure 6 Analysis steps of the composite materials in Ansys workbench 

 
After that, the ANSYS workbench harmonic response 

tool is connected to generate a frequency response 

function bode plot.  

 

Two proposed case studies of the hollow shaft are 

investigated, the shaft with selected materials 

comprises ten-layered laminated composite rotor 

shafts with thin walls which are considered fixed at 

one end and the other end moment is applied as 

displayed in Figure 7(a). The different variants are 

shown in Figure 7(b), where the shaft is held in 

position by two end bearings. The analysis of the two 

cases is carried out using ANSYS finite element 

model. 

 

The strength of the composite shaft under transmitted 

power is evaluated using torsional stress analysis, as 

shown in Figure 7(a), where the maximum working 

torque of 3000 Nm is impacted at one end of the shaft 

while the other end is held constant. 

 

Harmonic analysis (dynamic analysis) is used in 

high-speed rotor-bearing systems to dynamically 

analyse shafts made of composite materials. In 

harmonic analysis, all forces are a function of 

frequency. The force excitation frequency is the same 

as the rotor spin speed in synchronous response 

analysis. The response of a rotor due to mass 

unbalances is frequently determined using 

synchronous response analysis. The frequency 

response function between a node's displacement and 

a forcing function at a node is determined by both 

forms of harmonic analysis. 
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Figure 7 a) Composite driveshaft which fixed end and applied torque at the other end b) hollow shaft supported on 

two bearing 

 

4.Results  
The results of a rotor dynamic analysis conducted by 

using the steps outlined in the materials and 

techniques section are shown in the following 

sections. 

 

4.1Static structure 

Figure 8 shows the results of the statics structure 

analysis performed on four materials; carbon/epoxy 

composite, steel, titanium alloy and baron/epoxy 

composite shaft with one end stationary and the other 

end torqued at a maximum operation of 3000 N.m. 

The maximum shear stress was acquired on the outer 

layers of the two composite materials compared with 

the outer surface of the steel and titanium alloy. 

 

Table 3 lists the maximum shear stress values for the 

material that is being used. The maximum and 

minimum stresses on the outer surface of the shaft are 

induced at carbon fiber of 203.7 MPa and are about 

75 MPa at titanium alloy. In addition, the maximum 

shear stresses at torque 3000 Nm of all proposed 

materials are 4.9 MPa, 2.9 MPa, 5.2 MPa and 4.9 

MPa for steel, carbon/epoxy, titanium alloy and 

boron/epoxy respectively. This analysis is required to 

avoid such a failure. The structure will break if the 

stress levels predicted by this analysis are higher than 

allowed. Therefore,  the torque capacity of the 

selected material is calculated as shown in Table 3 to 

carry the torque without failure which is directly 

proportional to the shear strength [42] it can be seen 

that the maximum torque capacity for all materials 

that be selected is less than the failure limit so that 

the rotor shaft is safe. 

 

The results of maximum deformation at the drive 

shaft of specific materials are shown also in Table 3. 

As displaced the maximum deformation occurs in the 

titanium alloy shaft and it is more than 3 times 

compared with the steel shaft. In addition, the 

composite materials exhibited moderate deformation 

compared with steel and titanium alloy. 

  

Further, the shear strength of Carbon/epoxy and 

Boron/epoxy are both about 15 MPa, and as the 

torque capacity is directly proportional to the shear 

strength according to Equation 12, the torque 

capacities of the two composite materials are 

similarly high, at around 1709.8 Nm. 
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Figure 8 (From A to D) Shear Stress distribution in each material and (from E to H) total deformation at the outer 

surface of the shaft in each material 

 

Table 3 Static analysis of the hollow shaft at varied materials 

Material 

Equivalent stress 

(MPa) 

Shear 

stress 

(MPa) 

Torque 

capacity (Nm) 

Failure 

torque (Nm)  

Total deformation 

(m) 

Weight 

(Kg) 

Steel 83.3 4.9 942.2 39257.3 9.4671e-004 36.22 

Carbon/Epoxy 203 2.9 1709.9 6891.9 6.7683e-003 8.856 

Titanium Alloy 75.6 5.2 1814.6 47981.2 1.1465e-002 21.22 

Boron/Epoxy 94.3 4.9 1709.8 9596.2 1.0687e-003 10.88 

 

Also, as shown in Table 4, the results of the modal 

analysis of the four modes are selected and the  

 

critical speed values are determined and evaluated 

with the conventional steel shaft. 
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Table 4 Critical speed comparison 

BW (Backward whirl) and FW (Forward whirl) while speeding in rpm 

Configuration Ⅰ BW Ⅰ FW Ⅱ BW Ⅱ FW Ⅲ BW Ⅲ FW 

Steel 1938.2  1938.8  3784.1  3799.5  9173.4  21832  

Carbon/Epoxy 3659.5  3666.2  7740.4  7789.4  15550  33131  

Titanium Alloy 2976.2  2981.7  8020.1  8083 18087  34489  

Boron/Epoxy 3349.6  3353.1  8819 9115.4  20724  38935  

 

4.2Harmonic analysis 

To estimate the rotor-bearing shaft harmonic 

response, the operation speed is selected to be 30000 

rpm (500 Hz) and the magnitude of the displacement 

vector attributed to the force vector is computed by 

applying 100 N as an unbalanced force at the end of 

the rotor’s axis of rotation which leads to rotor 

vibration the amount of vibration due to unbalance 

force is simulated in ANSYS using frequency 

response function.  

 

 
Figure 9 ANSYS frequency response function curve of A) Carbon/epoxy composite, B) Steel, C) Titanium alloy 

and D) Boron/epoxy composite 

 

Figure 9 illustrates the frequency response function 

curve of the composite and solid materials shaft up to 

500 Hz. As shown the unbalance responses which is 

the critical speed of the hollow shaft caused firstly at 

a shaft made of steel at around 50 Hz as seen in 

Figure 9(b) and the instability speeds during the 

working rotation occur four-time up to 500 Hz in 

contrary, the instability threshold can be shown just 

three times on the other materials made from 

composite materials (Figures 9(a),9(c) and 9(d)), 

thus, the composite shaft and titanium alloy have less 

critical speeds than shafts made of other materials 

throughout the same rotating speed range. 

Carbon/epoxy shafts do not display a critical speed 

between 300 and 500 Hz, however, steel shafts show 

a second critical speed of roughly 70 Hz. When 

compared to a steel shaft, the critical speed of the 

composite (carbon and boron epoxy) shaft is much 

higher under a different state. 
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5.Discussions 
The rotor dynamics of the hollow driveshaft of 

composite materials (carbon/epoxy and boron/epoxy) 

are obtained and compared with conventional 

materials such as steel and titanium alloy by 

examining two models of hollow shafts, one has an 

end fixed and the other free to rotate in a bearing, 

besides, a shaft with two end bearings.  Figure 8 and 

Table 3 illustrate how the torsional behaviour of a 

composite hollow shaft changes significantly while 

the operating torque remains constant. Static 

structural analysis for the shaft material shows that 

three types of material have been identified and 

behave with stresses plus static deformation 

compared to other types of materials that have been 

simulated. The maximum working torque of 3000 

Nm shows that the maximum shear stress is 5.2 MPa 

and 4.9 MPa at the outer surface of the titanium alloy 

and steel, this means, the conventional materials have 

more permitted shear stress than composite materials 

which is required to avoid such a failure. In contrast, 

the failure torque of the two composite materials is 

taken place. At 6891.9 Nm and 9596 Nm for 

Carbon/epoxy and Boron/epoxy respectively, which 

are more than the failure torque of steel and titanium 

alloy. In the same manner, the torque capacity limit 

to transfer torque without exceeding the shaft 

material's torsional shearing stress of the composite 

materials at around 1709.8 Nm is higher than the 

steel and titanium alloy materials. However, the 

research revealed that comparing composite and steel 

driving shafts results in a weight reduction of over 

79%, while a reduction of around 41% is achieved 

for that manufactured from titanium alloy for both 

models with the same length and average radius as 

shown in Table 3. 

 

The results displayed in Table 3 show that the natural 

frequencies have been affected by the kind of 

materials. A shaft made from Carbon/epoxy and 

Boron epoxy material has a natural frequency that is 

52-57 percent higher than that of a traditional steel 

shaft, making it a superior option. The investigations 

highlighted that the critical speed of the shaft during 

the working speed of the Boron/epoxy and 

Carbon/epoxy is lower than the steel and titanium 

alloy materials as shown in Figure 9. In the end, the 

overall performance comparisons between the 

selected material show that the maximum shear stress 

and torque capacity are found at the driveshaft made 

from Baron/epoxy composite material, in addition, 

the minimum number of critical speeds up to 300 Hz 

is also found at the Baron/epoxy material. Studies on 

the dynamic behaviour of composite shafts appear to 

be a crucial topic given the evolving materials 

utilised in rotating systems (i.e., materials with high 

performance and low weight). When compared to the 

identical components built using conventional 

metallic materials, the adoption of this innovative 

technology promises to decrease rotating system 

weight, maintenance costs, noise, and vibration level 

while increasing efficiency. This study offers the best 

materials that might be used in the machining process 

since few studies compare the selected materials that 

are studied in the research. 

 

However, mechanical characterization of a composite 

structure is more complex than that of a metallic 

structure, the design of a fibre reinforced structure is 

more challenging than that of a metallic structure, 

mainly due to the difference in properties in 

directions, the fabrication cost of composites is high, 

rework and repairing are challenging, and they do not 

have a high combination of strength and fracture 

toughness in comparison to metals. A complete list of 

abbreviations is shown in Appendix I. 

 

6.Conclusion and future work 
Modern finite element method programs are capable 

of accurately analyzing rotor behavior to create 

reliable models and interpret results. In this study, the 

static structure of carbon/epoxy has the highest value 

of normal stress resolve and low weight. The 

boron/epoxy material, on the other hand, has the 

highest value of shear stress and torque capacity. In 

addition, the weight of carbon/epoxy is comparable 

to other materials like steel and titanium alloy.  

 

For modal analysis, composite materials are superior 

to steel and titanium alloy, with boron/epoxy having 

a higher critical speed than carbon/epoxy. The 

harmonic response analysis examines several 

resonances that occur during the function of shaft 

rotation, and the simulation results show that 

boron/epoxy has the fewest number of resonance 

points when the frequency is 300 Hz. In conclusion, 

the study recommends using boron/epoxy as the best 

shaft material due to its advantages in terms of shear 

stress, torque capacity, critical speed, and the number 

of resonances points up to 300 Hz. The future work 

involves a comparison of other materials and 

geometries to obtain a comprehensive understanding 

of the mechanical parameters that are most suitable 

for the project.  
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Appendix I 
S. No. Abbreviation Description 

1 ACP pre Ansys Composite Prep Post 

2    Complex Value At The Mode i 

3 [ ] Compliance Matrix  

4    Complex Value At The Mode i 

5   Damping Ratio 

6    Displacement Vector  
7    Eigenvalue  
8 ANSYS Engineering Simulation Software  
9 FGM Functionally Graded Materials 

10 [ ] Global Antisymmetric Gyroscopic 

11 [ ] Global Asymmetric Damping  
12     Imiginary Eigen Value  
13 [J] Jacobian Matrix  
14 [ ] Mass Matrix  
15 ρ Material Density  
16 φ Ply Fibre Angle 
17 Ω Rotational Speed  
18   Stress Stiffness Component 
19   Strain Stiffness Component 
20 [ ] Stiffness Matrix 

 

 
 

 

 

21 S12 Tensile Strength  

22 [T] Transformation Matrix  
23   Transversal Shear Moduli 

24 t Thickness  
25 3D Three Dimensional  
26   Young Moduli  

 

 


