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Abstract— The effective uses of a Shaft are limited at its 

maximum operational junction frequency. The study was 

conducted by using the Finite element method. The shafts 

are used with flow of with rotation such as power houses 

components and industrial applications. The major study 

was done on shaft by using different materials with different 

shaft diameter profile of 90-100, 60-100mm. A natural 

frequency was analyzed and Campbell diagram analysis is 

performed for validation. In our analysis, ANSYS was used 

and the model was developed on UNIGRAPHICS 8.0. In 

order to verify the present ANSYS model, the Natural 

frequency with their modes by using four types of materials 

are compared with the available experimental results present 

in the literature and the design of shaft with different 

diameters of 60-100, 90-100mm. In this study, the 

simulations of different profile Shafts and four types of 

materials were analyzed for natural frequency and the 

configurations of shaft design are proposed. The results 

show that decreasing shaft diameter and material like Gray 

cast iron of shaft the decrease in a critical speed number of 

modes simultaneously. The critical speed of the shaft with 

different diameter is compared by using four types of 

materials and is predicted that at 60-100, 90-100mm shaft 

profile a gray cast iron gives frequencies and less critical 

speed in different modes. 

Key words: Shaft, Finite Element Method, Campbell 

Diagram, Natural Frequency 

I. INTRODUCTION 

A shaft is a mechanical component which is used for power 

transmission in automobiles and also used in industrial 

purpose like power houses, in turbines, compressors, shafts 

are used to transmit power from source to system it is a 

rotating member. It has mostly replaced the older version of 

shafts. The reciprocating piston engine consists crank shaft 

which is used to convert reciprocating motion into rotary 

motion with the help of the web mounted on a shaft for 

more power and torque transmission shaft has greater used 

on various purpose of power transmission and industrial 

applications. 

II. TYPES 

 Shafts are of many types like solid shaft, hollow shaft, 

stepped shaft. 

 Solid shafts are mainly used in locomotives, tractors 

these shafts are connected with both wheels to transmit 

motion. 

 Hollow shafts are used in power transmission from 

gearbox to differential these shafts are used for such 

applications to reduce axial stresses and critical speed. 

 Stepped shafts are used to transmit power and torque 

together at constant speed with reduced critical speed 

these shafts are basically used on gears and pulleys. 

III. MATERIALS  

 Most of shaft is formed from steel, either medium or 

low carbon. However, top Strength steel, typically heat 

treated, is additionally selected for powerful 

applications. 

 Metals, like brass, stainless steel or aluminum are used 

where Corrosion may be a disadvantage or lightness is 

required. 

 Small, light duty shafts, like in family appliances, are 

additionally injection shaped. 

 In a plastic material for shaft are considered like nylon 

or carbon fiber reinforced plastics. 

IV. MECHANICAL PROPERTIES MEASUREMENTS 

A. Strength: 

Strength is a mechanical property they should be able to 

relate to, but you might not know exactly what we mean by 

the word "strong" when are talking about polymers. First, 

there is more than one type of strength. There is tensile 

strength. A polymer has tensile strength if it is strong when 

one pulls on it. Tensile strength is more important for a 

material that is going to be stretched or under tension. 

Materials need good tensile strength. 

B. Elongation 

There is more to understanding a polymer's mechanical 

properties than merely knowing how strong it is. All 

strength tells us is how much stress is needed to break 

something. It does not tell us anything about what happens 

to our sample while we're trying to break it. That’s where it 

pays to studies the elongation behavior of a polymer. 

Elongation is a kind of deformation. Deformation is simply 

a change in shape that anything undergoes under stress. 

When we’re talking about tensile stress, the sample deforms 

by stretching, becoming longer. We called that elongation, 

of course. Usually we talk about paper elongation, which is 

just the length the polymer sample is after it is stretched, 

divided by the original length of the sample, and then 

multiplied by 100. 

C. Objective of the Work 

The main objective of the current work is: 

1) Validation of the ANSYS models by comparing the 

present simulated results with the Experimental result 

by NicoaraDumitru [1].  

2) To predict natural frequency and critical speed effects 

for different shaft diameter (60-100 and 90-100 mm 

diameter) on the shaft. 
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3) To simulate the shaft of the different material having 

different diameter for variable modes and same RPM. 

4) Parameter sensitivity study of shaft. 

5) To define natural frequency effects and critical speed 

effects for the shaft of different diameter profile and 

different material and constant angular velocity of 

3663rad/s. 

6) To predict frequency distribution along the shaft.  

D. Problem Formulation 

The study of various literatures we find the natural 

frequency is lower as compared to present study. The 

purpose of this study is to predict critical speed and natural 

frequency with different material and decrease in the shaft 

diameter at constant angular velocity of 3663 rad/s. Thus 

chosen 60-100 mm, 90-100 mm profiled shaft for analysis. 

V. LITERATURE REVIEW 

Erik Swanson (2005):- This paper is to present a practical 

understanding terminology and behavior based a visualizing 

how a shaft vibrates and examining issue that effect 

vibration. Hope this presentation will help the non-specialist 

better understand what is going on the machinery, and that 

the specialist may gain a different view and some new 

examples. 

F. C. Nelson (2007):- The analysis is presented of 

the lateral and torsional motion of spinning rotors is replete 

with applications of Newton's and Euler's equations method. 

Sometimes the intricacies of these equations overshadow 

their simpler physical meaning.  

Keyu Qi (2007):- A novel method is analyzed for 

operational modal analysis OMA of linear rotor systems, 

combined with correction technique of spectrum analysis 

(CTSA), harmonic wavelet filtering (HWF), random 

decrement technique (RDT) and Hilbert transform (HT) 

method. With CTSA method, operational frequency 

component is reconstructed and subtracted from rotor 

vibration signal. The residual signal is presented by 

harmonics of operational frequency and several model 

responses. The single mode responses can be fined by HWF 

and then RDT method is employed to process these 

responses, respectively, to extract single mode free 

responses of the rotor systems. Finally, HT analysis is 

applied to fined modal parameters of the rotor systems from 

these single mode free responses. 

R. Whalley (2008):-The dynamics modeling of 

shaft–rotor systems, where the shaft profiles are contoured 

and considered. Shafts with diameters which are functions 

of the shaft length are considered. Analysis enabling the 

finding of the deflection, slope, bending moment and shear 

force at the extremities of the shaft is employed. Resonance, 

critical speed or whirling frequency conditions are computed 

using simple harmonic response methods. The analyzed of 

the system for particular shaft–rotor dimensions and 

rotational speeds is determined, establishing the dynamic 

characteristics in the vicinity of the whirling speed. A 

cantilevered shaft–rotor system with an exponential – 

sinusoidal profile is investigated for purposes of illustration. 

S.A.A. Hosseini (2009):-Using the analysis of 

harmonic balance, combination resonances of in-extensional 

simply supported rotating shafts with nonlinearities in 

curvature and inertia are present. The frequency– response 

curves are plotted for the first two modes. The effects of 

mass moment of inertia, eccentricity and external damping 

coefficient are investigated on the steady state response of 

the rotating shaft. 

O. N. KIRILLOV (2009):-this paper deal with an 

axis-symmetric flexible rotor perturbed by dissipative, 

conservative and non-conservative positional forces 

originated at the contact with the anisotropic stator. The 

Campbell diagram of the unperturbed system is a mesh-like 

structure in the frequency–speed plane with double Eigen 

frequencies at the nodes. 

Mohammad HadiJalali (2014):- the High speed 

rotors are vulnerable to vibrations resulting in the failure of 

the all operating system. To avoid all resonant conditions at 

operating speeds, modal analysis of such rotors is very 

important in the design and development of the system. Full 

rotor dynamic analysis during operating conditions is also 

mandatory to investigate the dynamic behavior of the 

rotating structure. This presentation is full dynamic analysis 

of a high speed rotor with certain geometrical and 

mechanical properties is carried out using 3D finite element 

model, one-dimensional beam-type model and experimental 

modal test. Good deal between the theoretical and 

experimental results indicates the accuracy of the finite 

element models. The Campbell diagram, critical speeds, 

operational deflection shapes, and Unbalance analysis of the 

rotor are obtained in order to completely investigate the 

dynamic behavior of the rotating system. 

Ma Jing-min1 and Ren Yong-sheng2 (2015):-A 

dynamic model of composite shaft with variable cross 

section is analysis. Free vibration equations of the variable 

cross section thin-walled composite shaft considering the 

effect of shear deformation are established based on a 

refined variation asymptotic method and Hamilton’s 

principle. The numerical results determined by Galerkin 

method are analyzed to indicate the effects of ply angle, 

taper ratio, and transverse shear total deformation on the 

first natural frequency and critical rotating speed.  

VI. MODELING AND ANALYSIS 

The procedure for solving the problem is: 

 Create the geometry. 

 Mesh the domain. 

 Set the material properties and boundary conditions. 

 Obtaining the solution 

Finite Element Analysis of Steel Shaft 

Analysis Type- Modal analysis 

A. Preprocessing: 

Preprocessing include CAD model, meshing and defining 

boundary conditions. 

1) CAD Model: 

Length of shaft. 50 

Diameter 10 

Diameter of shaft 1 60-100 

Diameter of shaft 2 90-100 

Table 1: Dimension of Steel Shaft (All Dimension in mm& 

Degrees). 
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Fig. 1: CAD Model of Steel Shaft. 

 
Fig. 2: CAD Model of Steel Shaft with diameter 90-100 

 
Fig. 3: CAD Model of Steel Shaft with diameter 60-100 

Materials 

Materi

al 

Propert

ies 

Gray 

Cast 

Iron 

Stainles

s Steel 

Structural 

Steel 

Titanium 

Alloy 

Young'

s 

Modul

us 

1.1e11 1.93e11 2e11 9.6e11 

Poisso

n's 

Ratio 

0.28 0.31 0.3 0.36 

Densit

y 

7200kg

/m3 

7750kg

/m3 
7850kg/m3 

4620 

kg/m3 

Table 2: Material 

VII. RESULT ANALYSIS AND DISCUSSION 

A. Frequency along the Steel Shaft with Different Diameter 

and Materials: 

A Modal - analysis was carried out to analyze critical speed 

of shaft with different material and diameter by using 

Campbell diagram and relation between natural frequency 

and spin speed a four types of materials of gray cast iron, 

stainless steel, structural steel and titanium alloy with 

different diameter to determine the frequency distribution 

along the Steel Shaft of the different diameter. Frequency 

distribution contours in case of different diameter for the 

two different profiles are shown in Figures, and the effect of 

different shaft profiles on the frequency and modes 

distribution for various different diameter and materials are 

represented in the Figures. It is evident that there is an 

increase in the frequency along the Steel Shaft for all the 

two profiles with various different diameters. It is found that 

the titanium alloy has maximum frequency in the case of 

different diameter profile and minimum for gray cast iron 

profile. It is also seen that the frequency distribution along 

the material stainless steel and structural steel of the shaft 

for all the two profiles decreases with an increase in the 

natural frequency modes. This is because different diameter 

value will lead to more frequency being transferred to the 

material and less vibration stored in the shaft, hence 

resulting in low vibration and higher frequency base. This 

reduced vibration will induce smaller resonance condition 

and the consequent increase in the frequency of different 

material with shaft diameter of different profiles. 

 
Fig. 4: Validation of Frequency and rotational velocity 

Distributions along the Steel Shaft by Campbell diagram. 

Above graph shows the validation result of 

Campbell diagram with experimental Campbell diagram 

result of base paper we found that above graph shows 

convergence with base paper graph, Hence our study is 

validated. 



Study of Critical Speed and Natural Frequency with Varying Diameter and Materials of Stepped Shaft using Campbell Diagram by using FEA 

 (IJSRD/Vol. 5/Issue 1/2017/058) 

 

 All rights reserved by www.ijsrd.com 219 

 
Fig. 5: Campbell diagram of Frequency and rotational 

velocity Distributions along the Steel Shaft of diameter 60-

100 

Above the Campbell diagram represents the critical 

speed effect on structural steel (60-100) material the lines 

parallel to each other are backward whirling and forward 

whirling lines occurred due to mass imbalance during 

rotation, the rotational speed is in form of synchronous 

speed that intersects forward whirling and backward 

whirling lines shows the critical speed effects at variable 

frequencies and rotation per minute the above material 

structural steel (60-100) shows seven values of critical 

speed. 

 
Fig. 6: Campbell diagram of Frequency and rotational 

velocity Distributions along the Steel Shaft of diameter 90-

100 

Above the Campbell diagram represents the critical 

speed effect on structural steel (90-100) material the lines 

parallel to each other are backward whirling and forward 

whirling lines occurred due to mass imbalance during 

rotation, the rotational speed is in form of synchronous 

speed that intersects forward whirling and backward 

whirling lines shows the critical speed effects at variable 

frequencies and rotation per minute the above material 

structural steel (90-100) shows seven values of critical 

speed. 

 
Fig. 7: Campbell diagram of Frequency and rotational 

velocity Distributions along the gray cast iron with same 

diameter 

Above the Campbell diagram represents the critical 

speed effect on gray cast iron material the lines parallel to 

each other are backward whirling and forward whirling lines 

occurred due to mass imbalance during rotation, the 

rotational speed is in form of synchronous speed that 

intersects forward whirling and backward whirling lines 

shows the critical speed effects at variable frequencies and 

rotation per minute the above material gray cast iron shows 

seven values of critical speed. 

 
Fig. 8: Eleventh mode Frequency of gray cast iron with 

same diameter 

 
Fig. 9: Campbell diagram of Frequency and rotational 

velocity Distributions along the gray cast iron with different 

diameter 90-100 

Above the Campbell diagram represents the critical 

speed effect on gray cast iron (90-100) material the lines 

parallel to each other are backward whirling and forward 
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whirling lines occurred due to mass imbalance during 

rotation, the rotational speed is in form of synchronous 

speed that intersects forward whirling and backward 

whirling lines shows the critical speed effects at variable 

frequencies and rotation per minute the above material gray 

cast iron (90-100) shows seven values of critical speed. 

 
Fig. 10: Eleventh mode Frequency of gray cast iron with 

different diameter 90-100 

 
Fig. 11: Campbell diagram of Frequency and rotational 

velocity Distributions along the gray cast iron with different 

diameter 60-100 

Above the Campbell diagram represents the critical 

speed effect on gray cast iron (60-100) material the lines 

parallel to each other are backward whirling and forward 

whirling lines occurred due to mass imbalance during 

rotation, the rotational speed is in form of synchronous 

speed that intersects forward whirling and backward 

whirling lines shows the critical speed effects at variable 

frequencies and rotation per minute the above material gray 

cast iron (60-100) shows seven values of critical speed. 

 
Fig. 12: Eleventh mode Frequency of gray cast iron with 

different diameter 60-100 

 
Fig. 13: Campbell diagram of Frequency and rotational 

velocity Distributions along the stainless steel with same 

diameter 

Above the Campbell diagram represents the critical 

speed effect on stainless steel material the lines parallel to 

each other are backward whirling and forward whirling lines 

occurred due to mass imbalance during rotation, the 

rotational speed is in form of synchronous speed that 

intersects forward whirling and backward whirling lines 

shows the critical speed effects at variable frequencies and 

rotation per minute the above material stainless steel shows 

seven values of critical speed. 

 
Fig. 14: Eleventh mode Frequency of stainless steel with 

same diameter 

 
Fig. 15: Campbell diagram of Frequency and rotational 

velocity Distributions along the stainless steel with different 

diameter 90-100 

Above the Campbell diagram represents the critical 

speed effect on stainless steel (90-100) material the lines 
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parallel to each other are backward whirling and forward 

whirling lines occurred due to mass imbalance during 

rotation, the rotational speed is in form of synchronous 

speed that intersects forward whirling and backward 

whirling lines shows the critical speed effects at variable 

frequencies and rotation per minute the above material 

stainless steel (90-100) shows seven values of critical speed 

 
Fig. 16: Eleventh mode Frequency of stainless steel with 

different diameter 90-100 

 
Fig. 17: Campbell diagram of Frequency and rotational 

velocity Distributions along the stainless steel with different 

diameter 60-100 

Above the Campbell diagram represents the critical 

speed effect on stainless steel (60-100) material the lines 

parallel to each other are backward whirling and forward 

whirling lines occurred due to mass imbalance during 

rotation, the rotational speed is in form of synchronous 

speed that intersects forward whirling and backward 

whirling lines shows the critical speed effects at variable 

frequencies and rotation per minute the above material 

stainless steel (60-100) shows seven values of critical speed. 

 
Fig. 18: Eleventh mode Frequency of stainless steel with 

different diameter 60-100 

 
Fig. 19: Campbell diagram of Frequency and rotational 

velocity Distributions along the titanium alloy with same 

diameter 

Above the Campbell diagram represents the critical 

speed effect on titanium alloy material the lines parallel to 

each other are backward whirling and forward whirling lines 

occurred due to mass imbalance during rotation, the 

rotational speed is in form of synchronous speed that 

intersects forward whirling and backward whirling lines 

shows the critical speed effects at variable frequencies and 

rotation per minute the above material titanium alloy shows 

seven values of critical speed. 

 
Fig. 20: Eleventh mode Frequency of titanium alloy with 

same diameter 

 
Fig. 21: Campbell diagram of Frequency and rotational 

velocity Distributions along the titanium alloy with different 

diameter 90-100 
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Above the Campbell diagram represents the critical 

speed effect on titanium alloy (90-100) material the lines 

parallel to each other are backward whirling and forward 

whirling lines occurred due to mass imbalance during 

rotation, the rotational speed is in form of synchronous 

speed that intersects forward whirling and backward 

whirling lines shows the critical speed effects at variable 

frequencies and rotation per minute the above material 

titanium alloy (90-100) shows seven values of critical speed. 

 
Fig. 22: Eleventh mode Frequency of titanium alloy with 

different diameter 90-100 

 
Fig. 23: Campbell diagram of Frequency and rotational 

velocity Distributions along the titanium alloy with different 

diameter 60-100 

Above the Campbell diagram represents the critical 

speed effect on titanium alloy (60-100) material the lines 

parallel to each other are backward whirling and forward 

whirling lines occurred due to mass imbalance during 

rotation, the rotational speed is in form of synchronous 

speed that intersects forward whirling and backward 

whirling lines shows the critical speed effects at variable 

frequencies and rotation per minute the above material 

titanium alloy (60-100) shows seven values of critical speed. 

 
Fig. 24: Eleventh mode Frequency of titanium alloy with 

different diameter 60-100 

 
Fig. 25: Graph shows modes and frequency of a shaft with 

same diameter and different material 

 
Fig. 26: Graph shows modes and critical speed of a shaft 

with variable diameter 60-100 and different material. 

 
Fig. 27: Graph shows modes and critical speed of a shaft 

with variable diameter 90-100 and different material 

 

Natural frequency of diameter 90-100 

Mo

de 

Gray cast 

iron 

Stainless 

steel 

Structural 

steel 

Titanium 

alloy 

1 47.679 58.166 58.562 56.497 

2 48.534 60.023 60.495 57.365 

3 166.04 183.55 183.61 200.29 

4 177.52 202.1 202.52 212.85 

5 277.28 347.28 347.45 314.2 

6 318.81 350.09 355.41 387.77 

Table 3: Natural frequency of shaft with constant diameter 

and materials 

The deformations of shaft shown in contour plots 

are w.r.t. frequency at constant angular velocity of 3663 

rad/s these deformation changes as per modes of frequency 
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that at particular section the value of frequency is high and 

low, this frequency is damped natural frequency of shaft at 

synchronous speed which occurs due to mass imbalance also 

the modal damping ratio was considered, it is a ratio of 

damping constant to the damped natural frequency from 

below contour plots the values obtained are compared in 

graphs and was predicted that in every material damped 

natural frequency increases, Hence modal damping ratio 

decreases from this effect logarithmic decrement increases 

that means decrease in amplitudes.    

Variable colored contours of shafts represents a 

deformation of a rotating element with respect to its natural 

frequency blue color on contours represents a minimum 

effect of frequency,Green color represents that a frequency 

is more than blue color,Red color represents that a 

frequency is maximum at a particular that section of a 

rotating element. 

 
Fig. 28: first mode Frequency of gray cast iron Shaft of 

same diameter 

 
Fig. 29: Second mode Frequency of gray cast iron Shaft of 

same diameter. 

 
Fig. 30: Third mode Frequency of gray cast iron Shaft of 

same diameter. 

 
Fig. 31: Forth mode Frequency of gray cast iron Shaft of 

same diameter. 

 
Fig. 32: Fifth mode Frequency of gray cast iron Shaft of 

same diameter 

 
Fig. 33: sixth mode Frequency of titanium alloy Shaft of 

same diameter 

VIII. CONCLUSION 

The current analysis has presented a study of natural 

frequency characteristics of a Shaft of different profiles. 

Modal analysis was carried out on Gray cast iron , Stainless 

steel, structural steel and Titanium alloy system. The effect 

of diameter with different profiles of the Shaft with diameter 

60-100 mm and 90-100 mm on the natural frequency and 

modes of different materials and critical speed effects were 

analyzed on different profile and materials of shaft and 

distribution along the Steel Shaft was studied. From the 

analysis of the results, following conclusions can be drawn. 

Influence of different shaft profiles: 
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 The natural frequency along the shaft profile is found to 

be maximum of the titanium alloy material profile with 

shaft diameter 90-100 mm and 60-100 mm and varies 

along the length up to the shaft for all the two profiles. 

The critical speed distribution along the shaft is 

maximum for structural steel and minimum for gray 

cast iron of a shaft with different profiles  

 The magnitude of frequency is minimum in the case of 

gray cast iron material profile with diameter 60-100 mm 

and 90-100 mm. The nature of the natural frequency is 

maximum near its end in 3rd and 4th,6th mode  

 The nature of the critical speed is maximum near its 

masses and between the end of the shaft where masses 

are placed of shaft and changes with respect to shaft 

material with different profile towards the end and 

between masses of the shaft for the same  RPM and 

different modes of natural frequency. 

 In a comparison with the gray cast iron, stainless steel, 

structural steel and titanium alloy material resulted in 

higher frequency characteristics close to the end of the 

shaft for a different shaft diameter profile. The critical 

speeds are maximum for structural steel at high 

frequency and minimum for gray cast iron at less 

frequency on same RPM  

IX. FUTURE SCOPE 

 Solid shaft and hollow shaft could be used to analyze 

critical speed for different dimensions 

 Different materials can be used for analyzing frequency 

and critical speed for different types of shaft.  

 Different masses could be also analyzed for different 

RPM  to predict critical speed for shaft for save design  

 Stiffness of bearing should be changed and also with 

damping coefficient for study of shaft system on 

Campbell diagram  
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