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Abstract-The composites are gaining popularity in the present era and are going to replace about 50% to 75 % of the metals in the 

future. The contemporary development in the present advanced composite industry shows that the ACM’s (Advanced Composite 

Materials) are going to lead future automotive and aerospace industries. so the present work involves the characterization and testing 

LCFT( Long Carbon Fiber Thermoplastic) polymer matrix and LGFT( Long Glass Fiber Thermoplastic) polymer matrix as an 

automotive structure and its strength to stiffness ratio being high are compared with the present material in use and the best suitable 

material would be suggested for stable structure. The work involves the development of the composite drive shaft on testing for the 

structural strength under static conditions. The various tests were performed with the advanced composites on establishing material 

properties and the same was simulated in the FEA (Finite Element Analysis). The results extracted from the actual testing and 

simulation could conclude that the driveshaft made of advanced composite material was found to be the best one. The known fact in 

the recent developments of the composites is that the advanced composites are stronger than regular metal alloys.  
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I. INTRODUCTION 

The use of composites in the aerospace and automotive sector has become aggressive in recent years. this is because of the advanced properties of high-end 

composites which makes them fit as an alternative material to metal alloys. a contemporary issue with the metal alloys is their strength to weight ratio and 

special applications. as the advance composites are taking over many structural applications. in the near future 50 to 70% of the aerospace and automotive 

structures will be of advanced composites. many automotive manufacturers are using composites in their sport models. the main constraint is the weight hence 

composites are mainly developed to reduce the curb weight of the vehicle and to improve efficiency, structural stability and so on. 

The important component is the driveshaft transfers power from the engine to the differential to the drive wheel. so the driveshaft of sabaru Impreza car has 

been considered for the research. the sabaru Impreza has 2 piece driveshaft and needs to be suggested for a single piece with metal or advanced composites. so 

to analyze the condition the research is been conducted. 

 

 

.                                     

  Figure 1.shows the drive train arrangement of an Automotive vehicle 
 

The author [1]has worked on the design and analysis of composite driveshaft.  The driveshaft made of steel is analyzed with the shaft made of composite that is 

carbon epoxy and the study shows that composite shaft provides enough evidence of strength over steel drive shaft of two pieces and the composite shaft was 

recommended for the use in Ashokleyland truck model 6DT120. The main motive behind the research was to develop the single shaft composite over the two-

piece shaft. The analysis has been done to see the deflection, stresses, and strains for steel drive shaft and composite driveshaft.The researchers[2] have worked 

on the weight reduction of drive shaft of an automobile using the composites as a material in place of steel shaft. Here the drive shaft of heavy truck was 

modeled in ANSYS software and conventional drive shaft of two pieces was modeled as single composite driveshaft and was analyzed for bending and natural 

frequency.  
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Then the composite shaft so modelled in ANSYS was analysed for the material optimization for reduction of mass of the drive shaft. The author has validated 

the conventional drive shaft structural strength with the composite driveshaft and recommends for the driveshaft which is made up of composites with single 

piece. And the objective of the work has been achieved by the author. This paper [3]presents mainly the structural design and vibrational analysis of composite 

propeller shaft which can be used in both automotive and marine applications. The objective of the present work is to replace steel metal drive shaft by two-

piece shaft made of composites. The model was developed in the ANSYS APDL and was analyzed for the natural vibrations and critical speed. The shaft 

material was considered to be non-linear isotropic and also linear isotropic for steel. The analysis was also carried on the joints of the drive shaft as well as 

material selection as composite. Hence the single-piece steel shaft was replaced with the two-piece composite material shaft. 

The author[4] has examined the various composites made of graphite, carbon, and glass .mainly the work involves the study of torsional behavior and natural 

frequency on composite driveshaft. Made of various fiber orientation and the stack sequence which would decrease the weight of the total composite driveshaft. 

The study also deals with replacement of the conventional steel shaft with high strength composite materials.The author’s main interest is to suggest alternative 

material. Hence search for the composite made of high specific modulus. Most automotive industries now days are exploring the use of composite as an 

important structural component. The other factor for the use of composites as the structure is to make vehicle more fuel-efficient by reducing the curb weight of 

the vehicle. So the methodology of the research starts with modeling of composite fibers in ANSYS and all the properties of the composites material are 

assumed nonlinear orthotropic. Then the model of the shaft was developed in the ANSYS and analyzed for the torsional stresses and natural frequency. Then 

compared with traditional shaft for stress, strain and suggested for Indian car company.The research work deals with the torsional instability of the composite 

shaft under the torque[5]. And the research has a focus on finding the alternate shaft material for the long drive shafts of the automotive. The author has initially 

developed various shaft diameters and analyzed the shaft for the buckling and torsional instability behavior with the FEA software and finally compared the 

results with analytical solutions. And found that composites could be better replacements for the long drive shafts of auto motives. The author[6] deals with 

the design of driveshaft of an automotive and configures many shafts dimension with single and split. The driveshaft is the most critical part of the drive system 

where impact stresses come more frequently on the shaft during the sudden acceleration and deceleration. The two-piece shaft has been replaced with single-

piece composite and analyzed for the buckling and deformation. The progressive failure analysis has been done. 

This paper presents[7] a comprehensive design of composite driveshafts for automotive applications. Se The first case is of the design of driveshaft with various 

diameters and has been developed with composite material and the second phase is the analysis of the driveshaft using the finite element analysis software. 

Then the comparison of the analytical and FEA results was compared and discussed. 

 

2.METHODOLOGY. 

The methodology in the research is very important for the progress of the research in a well-planned way as the methodology defines the best way of achieving 

the research objectives. 

The first step in the process starts with a thorough understanding of the problem statement and its background study with relevant literature. The clear 

understanding of the problem statement and its solution is achieved by deep understanding and proper literature study. Hence the first step starts with problem 

statement. 

Once after the literature, the thorough understanding leads us to various types of driveshaft design and the main theme of the research is to find the alternative 

for the two-piece driveshaft. So the driveshaft is designed and next the geometry is developed in the ANSYS design modeler. 

All the feasible geometry designed theoretically is designed in the ANSYS design modeler and then the geometry is imported to Ansys Workbench and FE 

model is generated with default mesh size in the ANSYS Workbench. Then the FE model so generated is assigned with a fixed boundary condition at the one 

end of the shaft and free end is applied with the maximum torque which needs to be transmitted to the axel. The ANSYS structural analysis has been carried out 

to find stress, stain, deformations and shear stress on the shaft. 

Driveshaft has been analyzed for various load cases under the static structural analysis and then the same shaft is analyzed for the frequency response and 

buckling analysis. 

The FE results so obtained are opened in the post-processing and analyzed for the various parameters and later the driveshaft with different advanced composite 

materials are analyzed in ANSYS for the above-mentioned analysis and results have been compared with test results of the advanced composite materials. 
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2.1 Objectives of the work 
 

 Design the drive shaft  for an automotive 
 

 The main objective of the project is to replace the two-piece driveshaft with single-piece efficient driveshaft 

made of advanced composite. 
 Compare and validation of the results so obtained. 

 
 Suggest the best material among Steel, LGFT, and LCFT. 

 

2.2 Geometrical Design and FE analysis of drive shaft 
 
The design is the prime most steps in the process of developing the composite driveshaft of the desired or the obtained diameter in the design. 
Here the standard driveshaft of the high-end car Sabaru Impreza was selected for the as the existing car has two-piece driveshaft made of steel. And the main 
objective of the project is to replace the two-piece driveshaft with single-piece efficient driveshaft made of advanced composite. Hence initially the material for 
the single-piece aluminum driveshaft has been designed and later the advanced composite driveshaft of LGFT and LCFT are designed in the ANSYS Design 
modeler. 
The main purpose of the study is to suggest the single-piece driveshaft over two-piece driveshaft made of steel. The single-piece driveshaft as if it’s made of 
aluminum of 6061-T6 grade with 3-inch diameter cold reduces the weight of the driveshaft by at least half of the weight of the two-piece shaft. And the 
intended study is to see the same single piece shaft with advanced composites. 
Initially, the design is followed by the geometry development in the CAD tool of ANSYS design modeler. The design modeler is the CAD tool in the ANSYS 
workbench and is mainly used to develop the geometry in 2D and 3D. The CAD tool is very flexible like other well-known CAD tools. The tool has solid 
features as well as surface-based features and more flexible to use and create complex geometry. The reference for the design we get from its original 2piece 
driveshaft with all the original dimensions and material properties. 
  

Table-2.1 Dimension details of the crash tube 
 

Shape of Length Diameter/cross Thickness 
 

the crash in mm section in mm x in mm 
 

Tube  Mm  
 

    
 

Cylindrical 200 80  
 

   3  

Square 200 80 x 80 
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The above table shows the various combinations of the design configuration to subcases to find the optimized crash tube for the crash simulation..the standard 
design was referred from the details of the Subaru Impreza car drawing sheets and the material and dimensions were taken from the details. As per the 
dimensions the single-piece driveshaft has been developed in CAD and prepared same for the structural analysis in the ANSYS 

   

 

Figure 2.1: Shows the Geometric model of the drive shaft 

2.3 Meshing of the Geometry 

The picture depicts the design of the drive shaft as per the Subaru Impreza car model and was designed in the ANSYS design modeler and the same has meshed in 
the ANSYS with shell elements of default size with fine size. And 1080 number of quadrilateral elements were generated during meshing.  

 

Figure 2.2: Shows the meshed model of the Geometry 

 The above two picture depicts the drive shaft design as per the Subaru Impreza car pattern and was designed in the ANSYS design modeler and the 

same has meshed in the ANSYS with shell elements of default size with fine size. And 1080 number of quadrilateral elements were generated during meshing. 

Then as per the methodology the shaft at one end is fixed and another end was applied with torque to get required deformations and maximum shear stress 

values in Mpa. The methodology has been repeated to all the load cases and table is formed with deformation and shear stress values. At the meantime, the 

theoretical design of the driveshaft for the required torque and stress has been done to validate the critical stress levels of theoretical values with the FE 

simulated 

 

3. Theoretical design calculations of the drive shaft for aluminum and ACM’s 
 
Max. power (P)  = 484kW 
Max.Torque (T) = 588N-mm 
Speed (N)            =  4000-8000rpm 
Length (L)           =  1361.5mm 
 
3.1 Aluminium Drive Shaft design 

Power P =2 NT/60 

T =p×60/2 N 

T =484×103×60/2 ×6000 =2420N-m 

Assume that, Using PSG Design data book 

D/d=1.25 

D=1.25d 

T= /16× × (D4-d4/D) 

Taking, 

Hear 50= حN/mm2 for steel 
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2420×103= π/16×50× ((1.25d) 4-d4)/ (1.25d) 

2420×103= π /16×50×1.153d3 

=59mm 

d=59mm 

D=1.25d=1.25×59=75 

D=75mm 

 

Stiffness of shaft 

L=length of the shaft 

L=1361.5mm 

L=1361mm 

θ=Angle of twist 1°to1.5° 

θ =1°× /180 

=0.01745rad 

 

T/J=G θ /L 

Where, 

T= maximum torque applied in drive shaft (N-mm) 

J = polar moment of inertia (mm4) 

J= π /32(D4-d4) 

J= π /32((1.25d4)-d4) 

J=0.141d4mm4 

2420×103/0.141d4=26×103×0.0174/1361 

d=84mm 

D=1.25×84=105mm 

D=105mm 

Larger diameter satisfies both strength and stiffness 

 

3.2Torsional buckling: 

Where, 

t= thickness of the hollow Al shaft 

t=ro-ri=52.5-46 

t=6.5mm 

The radius of the shaft 

r= ro+ri /2=52.5+46/2=49.25mm 

For long shaft the torsional buckling capacity 

Tb= حcr (2 π r2 t) 

Where critical stress is given by, 

cr  =[E/3ح  (1-γ2)3/4 ] (t/r)3/2 

 

[70×103/3  (1-0.332)3/4] (6.5/50)3/2 

 cr =4371.76N/mm2ح

2 

Tb=4371(2 π r2 ×6.5) 

111.57 kN-m 

Tb=111.57KN-m 

 

Natural Frequency: 

fnb= π /2 4 

where, 

E = Young’s modulus of elasticity (Pa) 

m = mass per unit length (kg/m) 

L = length of drive shaft (mm) 

I = area moment of inertia (m4) 

I= π /64 (D4-d4) 

= π /64 (0.14-0.0844) 

I=2.46x10-6 m4  

m=mass per unit length of shaft is given by 

m= ρ (π /4) [D2-d2] 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

Volume VI, Issue X, October/2019

ISSN NO: 2394-8442

PAGE NO:18



 

 

 

=2700× (π /4) [0.12-0.0842] 

m=6.24kg/m 

fnb= π /2  

9 -7 4 

fnb=89Hz 

 

3.3 Composite material long  carbon fiber/Epoxy 

For long shaft the torsional buckling capacity 

Tb= حcr (2 π r2 t) 

Where critical stress is given by, 

cr  =[E/3ح  (1-γ2)3/4 ] (t/r)3/2 

 

[79×103/3  (1-0.332)3/4] (6.5/50)3/2 

 cr  =4827.76N/mm2ح

Tb=4827.76(2 π r2 ×6.5) 

Tb=123.22KN-m 

 

Natural Frequency: 

fnb= π /2  

where, 

E = Young’s modulus of elasticity (Pa) 

I= π /64 (D4-d4) 

= π /64 (0.14-0.0844) 

I=2.46x10-6 m4  

m= ρ(π /4) [D2-d2] 

=1600× (π /4) [0.12-0.0842] 

m=3.69kg/m 

fnb= π /2  

fnb=194Hz 

The below table shows the theoretical design values of the driveshaft for all the material mentioned in the research. The theoretical dimensions of driveshaft 
with critical stress values and weight of the driveshaft has been found. 

 
                                   Table  3.1: Shows the theoretical design values of drive shaft 
 

 
SI 

 
Shaft 
drive 
Material 

 
Torsional 
buckling 
capacity 
KN-m 

 
Critical 
torsional 
stress 
N/mm2 

 
Natural 
frequenc
y Hz 

 
Weight 
of the 
shaft in 
Kg 

 

1 

 
Al 
material 

 

111.57 

 

4371.76 

 

89 

 

6.24 

 

2 

 
LGFT 
material 

 

80 

 

3323 

 

65 

 

4.6 

 

3 

 
LCFT 
material 

 

123.22 

 

4827.76 

 

194 

 

3.69 

 

3.5  FE analysis and post-processing. 

The FE analysis has been carried out for the various load cases considering the maximum torque to be 588N-m and the deformation for all three materials 

including aluminum has been post-processed to depict the deformation plots for all the cases. Here shows the case with starting aluminum material then 

followed by advanced composites. Its seen that the aluminum material yields lesser than advanced composites but ACM’s show more resistance to torque and 

weight-reduced considerably. 
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Figure 3.1: Shows the maximum deformation for the aluminum alloy driveshaft material 
 

 
 

Figure 3.2:  Shows the maximum deformation for the LGFT driveshaft material 

 

 

 
Figure 3.3:  Shows the maximum deformation for the LCFT driveshaft material     

 
 

The above pictures depict the deformation of the driveshaft for the medium load applied. And the trend shows that the aluminum alloy yields less compared 
with LCFT and LGFT composite within the elastic limit stress. Shows that the resilience of the LCFT composite seems to be good and the deformations are 
well within the limit loads shows that the trend keeps being continuing for the maximum load also. 
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     Figure 3.4: shows the maximum shear stress for the aluminum alloy driveshaft material 
 

 

     

 
Figure 3.5: Shows the maximum shear stress for the LGFT driveshaft material 
 

 

 
 
Figure 3.6: Shows the maximum shear stress for the LCFT driveshaft material 
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The above figures show the maximum shear stresses for all three cases and for all materials staring with aluminum. Here the interesting fact is that maximum 

shear stress value for the advanced composite material is less than that of drive shaft made of aluminum material. The values of maximum shear stress are much 

below the theoretical stress value. Hence the deigned drive shaft seems to be fit for the Subaru Impreza car of single piece driveshaft. 

 

Table 3.1.Shows the deformation versus load cases 

Load cases 
from minimum 
to maximum 
torque 

Max deformation of 
AL in mm 

Max deformation of 
LCFT in mm 

Max deformation of 
LGFT in mm 

1 0 0 0 

2 0.25 0.71 0.605 

3 0.493 2.15 1.81 

 
 
The above table shows the detailed report of the FE analysis of all the materials of driveshaft mentioned in the objective. Here it’s clear from the FE analysis 
that the driveshaft made from the advanced composite materials shows the best material resilience showing the less torsional deformation and very less 

maximum shear stress levels compared with the aluminum alloy single-piece driveshaft. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Graph 3.1: Deformation versus the load cases 

 
 

Table 3.2.Shows the deformation versus load cases 

Load cases from 
minimum to 
maximum torque 

Max shear 
stress of AL in 
Mpa 

Max shear 
stress of LCFT 
in Mpa 

Max shear 
stress of 
LGFT in 
Mpa 

1 0 0 0 

2 9.4 4.65 1.87 

3 19.3 13.95 5.62 
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The above table and below figure show that the driveshaft made of advanced composites are less susceptible to the maximum 
shear stress and are also less torsional deformable when compared. At the same time shows more structurally tough and 
resistance to maximum torque. 
 

 
 

Graph 3.2: Maximum shear stress versus the load cases 

 

 
4.Conclusion 

 
The research work was focused on the replacement of two-piece driveshaft of Subaru Impreza car with single-piece advanced composites comparing with the 

aluminum alloy shaft. Hence the FE analysis and the theoretical design calculations shows that the driveshaft made of advanced composite of LCFT and LGFT 

both are suitable as a replacement for the existing two-piece driveshaft of steel and from the analysis its also found that the torque resistance is moe in case of 

advanced composites due to this the weight reduction of the driveshaft has come up to 70% from actual weight of 15Kgs to 3.69kg ACM’s and 6.24 Kg of 

aluminum shaft could be very useful in the replacement as the fuel efficiency and reliability and torque pickup could be enhanced. So the end the research work 

suggests that the ACM’s could be very useful alternative replacement material for the driveshaft enhanced capability. 

 

 

4.1.Future scope of the work 
 

 The analysis has been done only for the driveshaft of SUV’s keeping in mind. This thought could be applied for trucks of heavy loads. 
 

 The material plays an important role. Hence the ACM’s with higher strength with resilience could be used for the replacement of the driveshaft 
which might turn to be good in case of weight and performance of the vehicle. 

 
 Future Is in the ACM’s development in the ACM’s could solve the problem in much easier way with high strength and stiffness. 

 
 The thickness of the materials could be changed to see the high strength and stiffness behaviors. 

 
 Testing could be done with the actual model of ACM’s with same composition to add strength to the FE and analytical calculations. 
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