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Abstract — A drive shaft is a mechanical device for 

transferring power from the engine or motor to the point 

where useful work is applied. Most engines or motors deliver 

power as torque through rotary motion. This is extracted from 

the linear motion of pistons in a reciprocating engine. From 

the point of delivery, the components of power transmission 

from the drive train. The drive shafts are carriers of torque 

which are subject to torsion and shear stress, which represents 

the difference between the input force and the load. Thus it 

needs to be strong enough to bear the stress, without imposing 

too great an additional inertia by virtue of the weight of the 

shaft. A shrink-fit is a semi-permanent assembly system that 

can resist the relative movement or transmit torque between 

two components through the creation of high radial pressures 

at the interface of its constituent parts. It provides a low cost 

joining method and is widely used in - industry, with 

applications to cutting tool holders, Wheels and bands for 

railway stock, turbine disks, rotors for electric motors and for 

locating ball and roller Bearings. Shrink-fits are also an 

effective way of assembling machine elements such as a gear 

to a shaft to Transmit torque. The underlying principle 

involves establishing a pressure between the inside diameter 

of the gear hub and the outside diameter of a shaft through 

interference in dimensions at their radial interface. 

Commonly, expansion of the external part by heating, or 

cooling of the shaft is employed, the part located and then the 

whole assembly returned to operating temperature 

whereupon the pressure maintains part location to allow 

transmission of a torque and vibrations.  Initially, the friction 

moment is carried out at the contact surface of outer hollow 

shaft and inner solid shaft while solid shaft is inserted in hot 

hollow shaft (150-300 °C) Resulting hole inside hollow shaft 

expanded and semi-permanent assembly between hollow and 

solid shaft formed. When this composite shaft assembly is 

cooled up to room temperature (27 °C), the outer shaft gets 

compressed and it exerts pressure on the inner solid shaft. 

This can be calculated using Lame’s equation [1] 
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I. INTRODUCTION 

While performing vibration analysis of component 

computation of natural frequency and mode shapes are 

important there. Because this component will work in any 

complex environment and their frequency will be exposed in 

a variety of dynamic excitations. Use of composite material 

is started from many years by using different combinations of 

materials to achieve desired strengths.as example Sumerians 

in 4000 B.C. straws are added in mud for making brick 

stronger. As per this we know composite material use from 

far years but currently taking technological advantages we 

started to use the right combination of material at right 

working conditions i.e in automobile industry use of 

composite material provides high strength and stiffness with 

lower weight. 

 So that by using shrink fit concepts along with 

composite material one needs to study under vibrational 

conditions to check its natural frequency and mode shapes. 

As we are taking example of driving shafts they are 

transmitting power to different mechanisms in the system 

hence they must be capable of transmitting at maximum 

frequency of vibration. 

 For analysing free vibration analysis of shrink fit 

composite shafts need to analyse it with analytical method i.e 

standard vibration formulae, FEM modal analysis and finally 

test it experimentally on FFT analyser.  

 Modal testing is the most widely used method. 

Modal testing is an experimental procedure in which the 

natural frequencies of a structure are determined by vibrating 

the structure with a known excitation. While it vibrates, the 

structure will behave in such a way that some of the 

frequencies will not respond at all or be highly attenuated, and 

some frequencies will be amplified in such a way that the only 

limiting factor is the energy available to sustain the vibration. 

These frequencies, where the structure resonates, are the 

natural frequencies of the structure. 

By using Euler’s Bernoulli beam theory [2], 
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II. LITERATURE REVIEW ON SHRINK FIT AND COMPOSITE 

SHAFT ANALYSIS:- 

Dr. Adnan N. Jamel, Oday. I. Abdullah[1] investigated the 

vibrations characteristics and effect of static stresses and 

deformation in partially pressurized thick cylindrical 

shells.The method used cover analytical investigation 

developed to determine static stresses and deformation along 

the thick cylindrical shell using LAME'S equation. 
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Fig. 1: Thick-walled cylinder subjected to uniform internal 

pressure (𝑃𝑖 ) and external pressure (𝑃𝑜 ) 
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 From the static results, it can be observed the 

increases in the cylinder thickness leads to decreases in the 

stresses and deformations and that due to the higher increases 

in the structural stiffness. 

 It was observed that the equivalent static stresses 

induced at the cylinder wall for different time steps some 

positions the stresses reach a maximum value at a certain 

time. 

 Yuhua Fan et al [2] studied Modal Analysis of a 

Thick-Disk Rotor with Interference Fit Using Finite Element 

Method. According to this study it is found that the width of 

thick disk rotors affects the stiffness provided by this disk and 

shaft assembly. According to theory of elasticity this 

phenomenon involves parameters such as coefficient of 

friction, modulus of elasticity and yield strength. Further 

stiffness will be affected on the natural frequency of shaft 

rotor assembly with a percentage of error about 3.16% to 

5.32% of total natural frequency.   

 Prof. Bhirud Pankaj P, Prof. Sandip Chaudhari [3] 

performed analytical, experimental and finite element modal 

analysis of shaft made up of composite material kevlar and 

for reference purpose single material steel material shaft 

having same dimension as that of composite shaft.when 

results obtained with all three methods it found that The 

natural frequencies of steel shaft & composite shafts have 

been reported with boundary conditions, It is found that 

natural frequency increases with increase in mode of 

vibration from software result. Natural Frequency of Kevlar 

composite shaft is more than that of steel material. In case of 

replacement of steel material, Kevlar composite is suitable for 

drive shafts. 

 Janaı´na da Cunha Vaz and Jose´ Juliano de Lima 

Junior [4] investigated Vibration analysis of Euler-Bernoulli 

beams in multiple steps and different shapes of cross section. 

The analysis is based on the classical Euler-Bernoulli beam 

theory. According to Euler-Bernoulli beam theory, the 

equation of a clamped-free uniform beam in transverse 

vibration is obtained by applying the static equilibrium 

equations to sum the forces and moments that act in the beam. 

For experimental analysis Laser vibrometer and signal 

analyzer used. The proposed method is applicable to beams 

with any number of changes in cross section, different 

geometries and on classical and/or elastic supports. 

Numerical simulations were carried out to illustrate beams 

with one and two step changes in cross section. Significant 

difference of 𝛽
1̂
, k for different values of the inertia moments. 

where 𝛽̂1is the dimensional natural frequency at mode 1 and 

k is spring constant.  

 Ch. Rajesh, J. Suresh Kumar [5] carried out Free 

Vibration Analysis of Viscoelastic Sandwich Beam using 

Euler Bernoulli Theory. beam is a slender horizontal 

structural member that resists lateral loads by bending. This 

is an important element in engineering structures.in this 

analysis sandwiched beam having rectangular cross section 

with different materials used under vibration conditions. The 

materials considered for sandwich beam are Aluminium as 

face materials and natural rubber. The frequencies of various 

sandwich beams which are made with different face and core 

materials are calculated using Mat lab. Various investigations 

are carried out for free-vibration behaviors of rectangular 

cross-sectioned aluminium sand beams with different 

geometric characteristics under fixed free boundary 

condition.it is noticed that as mode number is increasing 

natural frequencies are increasing. It is due to non-

dimensional number increases for corresponding mode 

number increase. The material properties of aluminium and 

natural rubber are considered for studying the free vibration 

behaviour of sandwich beam. It is seen from results of 

analysis as the cross section of sandwich beam varies as 

natural frequency increases due to thickness increases. 

 C.E. Truman et al [6] analyzed a shrink-fit failure on 

a gear hub/shaft assembly using an analytical and finite 

element method. It mainly focused on contact pressures along 

the gear hub/shaft interface which were caused by stress 

effects during spinning of gear and hub assembly. After 

performing experimental measurements he found that, if the 

applied torque on assembly was restricted to T/a3r0 = 0.14 

then there would not be any significant micro-slip between 

gear and hub surface. Also if we Reduce the coefficient of 

friction from 0.15 to 0.139 then also no change in micro-slip 

between them. Failure of interference occurs if the internal 

bore diameter of the gear hub increases, which happens 

during the carbonizing process. If the temperature of the 

heating process crosses 1090 °C (recrystallization 

temperature of alloy steel) and after this if we have not 

provided any secondary machining operation on it then it 

results in a decrease in interference pressure between 

interference fitted parts and failure occurs between assembled 

parts.  

 Ramchandra D Patil et al [7] did study on Design & 

analysis of composite drive shaft for automobiles. Normally 

the passenger car drive shaft should be capable of transferring 

torque larger than 3500 Nm and its Fundamental bending 

nature frequency should be greater than 9200 rpm to avoid 

whirling vibration. Generally single piece drive shafts with 

steel material and length 1.5 m has fundamental bending 

natural frequency is lower than 5700 rpm. According to this 

study, if a carbon fiber epoxy composite layer Press fitted on 

the inner diameter of an aluminum tube, then this composite-

metallic structure has many advantages over conventional 

single material shafts because press fit composite material of 

higher specific stiffness and higher specific strength of 

composite materials. the effect of the clamp band joint on the 

LV/SC system. 

 Hava Hüyüka et al [8] observe in Analysis of elastic-

plastic interference-fit joints. Such that in interference-fit 

joints, differences in geometry of two mating parts leads to 

contact pressure at the interference. This contact pressure 

holds two parts together through friction, which creates a 

mechanical joint. Strength of this joint depends mainly on the 

coefficient of friction, interference pressure and contact area. 

Such joints are used in a wide variety of applications, from 

automobile to aerospace industry. This study focuses on 

analysis of elastic-plastic interference fit joints formed by 

pressing a solid and a grooved pin into a tube. This paper 

presents an examination of the elastic-plastic interference fit 

joints for 2 geometries; a simple geometry, where a solid pin 

is pressed into a tube and a complex geometry where a pin 

with grooves along.  

 Lothar Gaul et al [9] perform Finite element 

simulation and experiments on rotor damping Assembled by 
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elastic-plastic interference shrink fits. According to 

experimental measurements done in this analysis it found that 

highly localized deformation at the interface requires a small 

element size for accurate modeling of the joining process. 

The element size of 0.025 mm. by determining material 

properties and numerical parameters is the main point 

modelling of the friction behaviour which has scope in future 

work. Also observed while press fitting the inner solid shaft 

in outer hollow shaft both deform elastically at an early stage. 

At mid stage the hollow shaft is elastic, with the inner solid 

deforming plastically. at the end stage both inner solid and 

outer hollow shaft deform plastically. If considering Effect of 

surface quality, material combinations and lubrication e 

parameters were identical for this analysis.  

 Syed Muhammad mohsin Jafri [10] carried out a 

PhD. Work on Shrink fit effects on rotor dynamic stability 

who presents an experimental and theoretical study of sub 

synchronous rotor dynamic instability in rotors caused by 

interference and shrink fit interfaces. The experimental study 

shows the presence of strong unstable sub- synchronous 

vibrations in two different rotor setups which are normal 

interference and shrink fit and both are operating above their 

first critical speeds. The experimental study gives the output 

that the instability occurs due to internal friction in shrink fit 

and interference fit joints is sub-synchronous and usually 

occurs at the first eigenvalue of the rotor-bearing system. It 

was found that there is a critical value of the interference fit 

(1mils radial at speed) that causes the rotor to become 

unstable above the first critical speed. Also if shrink fit is very 

tight at one end and fairly loose at the other end affecting the 

stability of the rotor-bearing system.  

 Also It provided scope of future work on the subject 

of internal friction caused by slippage in shrink fit and 

interference fit joints and their effects on rotor dynamic 

stability, the parameters involved in the internal moments 

model such as the direct moment stiffness and damping 

coefficients for the viscous friction model, need to be studied 

in more detail for predictions of threshold speeds of rotor 

dynamic instability.  

 JR Banerjee [11] carried the free vibration analysis 

of three layered symmetric sandwich beams using the 

dynamic stiffness method. He used the Hamilton’s principle 

to derive the governing partial differential equations of 

motion in free natural vibration that are coupled both in axial 

and bending deformation. Compute the natural frequencies 

and mode shapes of a sandwich beam using Wittrick-

Williams algorithm by him. interrelationships between 

several key design parameters. 

 Mohammad Sedighi and Hiwa Hosseini [12] 

investigated free vibration of stepped Timoshenko shaft with 

insignificant damping using FEM with uniform and non-

uniform status. In case of non-uniform Timoshenko shaft they 

first and third part will be uniform while the middle part is in 

Conical form. They calculated natural frequencies and 

corresponding mode shape for two cases of boundary 

conditions namely clamped free and simply supported. They 

compared the obtained values with those of classical Euler 

Bernoulli theory results. 

 S. Mohammadi, A. Hassanirad, [13], introduced two 

vibration measuring instruments that is Accelerometer and 

RFID. They recognized RFID is easier and simple to analyze 

in order to measure free vibration of a cantilever beam.  

 Dawid Cekus [14] used Lagrange multiplier method 

to find the solution of the free vibration problem of the 

cantilever tapered beam. He carried out sample numerical 

calculations for cantilever tapered beam and compared them 

with experimental values. 

 Mohammad Zannonc [15] studied vibration of thin 

film cantilever beams and derived equations of equilibrium. 

He derived equations of frequency and mode shapes to solve 

for different cantilever beams for various materials. A Mat-

Lab programmer is developed by him to find natural 

frequencies and corresponding mode shapes for one layer and 

two layer beams with different dimensions and properties. 

 Rajesh and Suresh Kumar [16] studied the vibration 

analysis of fixed free structure with different core material. 

They found the dynamic effect of core material in different 

position of sandwich structure with same volume of 

viscoelastic and structure materials. They found that 

positioning of the core material at the center has a great 

influence in controlling vibration of structures. 

 Abdel Salam and Bondok [17] developed sandwich 

beams to calculate the flexural rigidity and dynamic 

characteristics. They investigated different cases of sandwich 

beams with multi-layer cores, multi cells, different shape and 

orientation of holes in its cores. Results of natural frequencies 

and mode shapes and the static deflection of the sandwich 

beams were obtained by them using ANSYS and compared 

with analytical values.  

 Iiodees et al. [18] presented the methods to predict 

the natural frequencies and mode shapes of composite beams. 

They solved the equations of motion in two ways i.e., finite 

element method and exact integration method. Natural 

frequencies and mode shapes for a variety of ply layups are 

obtained by them.  

 I. M. Daniel etal. [19] developed simple models in 

order to explain the behavior of composite beam as a function 

of material, geometric and loading parameters. They used 

direct observation and nondestructive evaluation to study the 

mechanical characterization of the sandwich constituent 

materials. Linear variation in strain through thickness was 

determined by them in both core and skin thickness. 

 JinheeLee[20] employed the pseudo spectral method 

to non-ideal boundary Timoshenko beam model for free 

vibration analysis whereas analytical method was carried out 

for Euler-Bernoulli beam. He found that weighing factor 

increases as natural frequency decreases for non-ideal at one 

end and free boundary conditions at the other end. Natural 

frequencies of a 

 Timoshenko beam are computed for various 

thickness to length ratio with the non-ideal clamped boundary 

condition at the left end and ideal free boundary condition at 

the right end of the beam. 

 Baki Ozturk and Safa Bozkurt Coskun [21] obtained 

the analytical results for free vibration analysis of beam on 

elastic foundation for different support conditions 

 They validated the analytical solutions with the 

variation iteration method and homotopy perturbation 

method results and found in close agreement. 

 Zhifeng Liu et al. [22] studied differential transform 

simulation method to solve the free vibration problems of 
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uniform Euler Bernoulli beam. They conducted mode 

experimental method to obtain experimental data for analysis 

by signal processing. From results they found modified 

differential transform method can achieve good values in 

predicting solution of sandwich problems. 

 Prokic et al. [23] presented a numerical method for 

solution of free vibration of beams governed by a set of 

second-order ordinary differential equations with different 

boundary conditions. They demonstrated the accuracy of 

proposed method by comparing the calculated results with 

literature values. They showed that good accuracy values can 

be obtained for a relatively small number of nodes. 

 Ahmed KH, [24] investigated the flexural vibration 

characteristics of curved sandwich beams using finite element 

displacement method. He studied various displacement 

models to investigate their effect on the natural frequencies 

of curved fixed-fixed sandwich beams. The effect of shear 

deformation on the first three modes of the fixed-fixed curved 

sandwich beams is very small and was found by him. 

III. CONCLUSION: 

In this review we review the “vibration analysis of shafts” 

which are composite, stepped, shrink fitted and working in 

various experimental environments. It shows that fit achieved 

between assembly of solid and hollow shafts will affect 

dynamic vibrational characteristics of shafts. also if the shaft 

is made up of composite material it is lighter than 

conventional single material solid shaft and also it has better 

strength along with higher natural frequency. for proving this 

analytical, FEM modal analysis and experimental analysis 

with FFT analyzer  done with shrink fit, composite shafts and 

same analysis done with single material solid shaft. results 

achieved from this analysis compared with each other. After 

comparison we came to the conclusion that. A composite and 

shrink fit shaft has better dynamic capabilities than a single 

material shaft having the same dimensions. 
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