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ABSTRACT- This work is based on the free vibration analysis of a simply supported shaft structure. Theoretical 
analyses along with Finite Element Analysis (FEA) are to be carried out to determine the responses of structure. The 
shaft is modelled in solid works and analyzed with computational engineering tool ANSYS WORKBENCH 2019 
software. Here both cracked and uncracked simply supported shaft will be considered. A crack detection procedure 
will be carried out. 
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I. INTRODUCTION 

VIBRATION 

Vibration is a mechanical wonder whereby motions happen about a balance point. The word comes from 
Latin vibrational ("shaking, waving"). The motions might be intermittent, for example, the movement of a 
pendulum—or irregular, for example, the development of a tire on a rock street. Vibration can be alluring: 
for instance, the movement of a tuning fork, the reed in a woodwind instrument or harmonica, a cell 
phone, or the cone of an amplifier. As a rule, notwithstanding, vibration is unfortunate, squandering 
energy and making undesirable sound. For instance, the vibrational movements of motors, electric 
engines, or any mechanical gadget in activity are ordinarily undesirable. Such vibrations could be brought 
about by irregular characteristics in the pivoting parts, lopsided erosion, or the lattice of stuff teeth. 
Cautious plans ordinarily limit undesirable vibrations. The investigations of sound and vibration are 
firmly related. Sound, or pressing factor waves, are created by vibrating structures (for example vocal 
strings); these pressing factor waves can likewise prompt the vibration of constructions (for example ear 
drum). Subsequently, endeavors to lessen commotion are frequently identified with issues of vibration. 

TYPES OF VIBRATION 

Free vibration  

It occurs when a mechanical framework is put into action with an underlying information and permitted 
to vibrate openly. Instances of this sort of vibration are pulling a kid back on a swing and releasing it, or 
hitting a tuning fork and allowing it to ring. The mechanical framework vibrates at least one of its 
common frequencies and damps down to calmness. 

Forced vibration Is the point at which a period changing unsettling influence (burden, removal or speed) 
is applied to a mechanical framework The aggravation can be an occasional and consistent state input, a 
transient info, or an irregular information. The intermittent information can be a consonant or a non-
symphonious aggravation. Instances of these kinds of vibration incorporate a clothes washer shaking 
because of an irregularity, transportation vibration brought about by a motor or lopsided street, or the 
vibration of a structure during a quake. For straight frameworks, the recurrence of the consistent state 
vibration reaction coming about because of the use of an intermittent, symphonious info is equivalent to 
the recurrence of the applied power or movement, with the reaction size being reliant on the real 
mechanical framework. 
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Damped vibration:  

At the point when the energy of a vibrating framework is step by step dispersed by rubbing and different 
protections, the vibrations are supposed to be damped. The vibrations step by step lessen or change in 
recurrence or power or stop and the framework rests in its balance position. An illustration of this sort of 
vibration is the vehicular suspension hosed by the safeguard. 

Vibration testing 

Vibration testing is refined by bringing a compelling capacity into a construction, typically with some sort 
of shaker. On the other hand, a DUT (gadget under test) is appended to the "table" of a shaker. Vibration 
testing is performed to analyze the reaction of a gadget under test (DUT) to a characterized vibration 
climate. The deliberate reaction might be capacity to work in the vibration climate, exhaustion life, 
thunderous frequencies or squeak and clatter sound yield (NVH). Squeak and clatter testing is performed 
with an uncommon kind of calm shaker that produces low stable levels while under activity. For 
moderately low recurrence constraining (regularly under 100 Hz), servohydraulic (electrohydraulic) 
shakers are utilized. For higher frequencies (regularly 5 Hz to 2000 Hz), electrodynamic shakers are 
utilized. By and large, at least one "info" or "control" focuses situated on the DUT-side of a vibration 
installation is kept at a predefined quickening. Other "reaction" focuses may encounter higher vibration 
levels (reverberation) or lower vibration level (against reverberation or damping) than the control 
point(s). It is frequently attractive to accomplish against reverberation to shield a framework from 
getting excessively boisterous, or to diminish strain on specific parts because of vibration modes brought 
about by explicit vibration frequencies. The most widely recognized kinds of vibration testing 
administrations led by vibration test labs are sinusoidal and irregular. Sine (each recurrence in turn) tests 
are performed to overview the primary reaction of the gadget under test (DUT). During the early history 
of vibration testing, vibration machine regulators were restricted distinctly to controlling sine movement 
so just sine testing was performed. Afterward, more complex simple and afterward advanced regulators 
had the option to give arbitrary control (all frequencies immediately). An arbitrary (all frequencies 
without a moment's delay) test is by and large considered to all the more intently recreate a genuine 
climate, for example, street contributions to a moving auto. Most vibration testing is led in a 'solitary DUT 
pivot's at a time, even though most genuine vibration happens in different tomahawks all the while. MIL-
STD-810G, delivered in late 2008, Test Method 527, requires different exciter testing. The vibration test 
apparatus used to append the DUT to the shaker table should be intended for the recurrence scope of the 
vibration test range. It is hard to plan a vibration test installation which copies the unique reaction 
(mechanical impedance) of the genuine being used mounting. Therefore, to guarantee repeatability 
between vibration tests, vibration installations are intended to be without reverberation inside the test 
recurrence range. By and large for more modest installations and lower recurrence goes, the architect can 
focus on an apparatus plan that is liberated from resonances in the test recurrence range. This turns out 
to be more troublesome as the DUT gets bigger and as the test recurrence increments. In these cases 
multi-point control systems can alleviate a portion of the resonances that might be available later on. 
Some vibration test techniques limit the measure of crosstalk (development of a reaction point a 
commonly opposite way to the hub under test) allowed to be shown by the vibration test installation. 
Gadgets explicitly intended to follow or record vibrations are called vibro scopes. 

Vibration analysis 

Vibration Analysis (VA), applied in a modern or upkeep climate means to diminish support expenses and 
gear vacation by recognizing hardware shortcomings. VA is a vital segment of a condition checking (CM) 
program, and is frequently alluded to as prescient support (PdM). Most generally VA is utilized to 
distinguish blames in pivoting hardware (Fans, Motors, Pumps, and Gearboxes and so forth, for example, 
Unbalance, Misalignment, moving component bearing deficiencies and reverberation conditions. VA can 
utilize the units of Displacement, Velocity and Acceleration showed as a period waveform (TWF), 
however most generally the range is utilized, gotten from a quick Fourier change of the TWF. The 
vibration range gives significant recurrence data that can pinpoint the broken segment. The essentials of 
vibration examination can be perceived by contemplating the basic Mass-spring-damper model. In fact, 
even an unpredictable construction, for example, an auto body can be displayed as a "summation" of 
straightforward mass–spring–damper models. The mass–spring–damper model is an illustration of a 
straightforward symphonious oscillator. The arithmetic used to depict its conduct is indistinguishable 
from other basic consonant oscillators, for example, the RLC circuit. 
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Importance of vibrations: 

Anyone having mass and flexibility is fit for oscillatory movement. In designing a comprehension of the 
vibratory conduct of mechanical and underlying framework is significant for safe plan, development and 
activity of an assortment of machines and constructions. The disappointments of generally mechanical 
and structure components and frameworks can be related with vibration.A shaft is turning layer/machine 
component, which is utilized to communicate power starting with one spot then onto the next. To move 
the force starting with one shaft then onto the next different individuals, for example, pulleys, gears, 
wrench and so on are mounted on it. The material utilized for customary shafts is mellow steel. At the 
point when high strength is required, an amalgam steel, for example, nickel, nickel-chromium or 
chromium-vanadium steel is utilized. 

 

II. LITERATURE SURVEY 

In this Journal, they utilized the FBD (Fluid Dynamic Bearing) axles in HDD (Horizontal Directional 
Drilling) Industry, it is so on the grounds that FBD have bigger damping and lower acoustic commotion. 
As indicated by them there are two kinds of plans 1. Fixed shaft plan 2. Pivoting shaft plan. In the pivoting 
shaft plan, it has turning shaft and center point which conveys the circles are squeezed into the fixed 
bearing sleeve and the base plate (stator). The upsides of it will be it is more affordable to make and in 
the bearing oil the spillages are less. By all the above reasons they presumed that this plan is more ideal in 
FBD shaft.  

Numerous endeavors are made to appraise the shaft break particulars with least potential mistakes. They 
utilized circuitous strategy for the diagnosing a shaft is proposed by utilizing neural organizations. Break 
particulars are the thing which impact the shaft normal frequencies, he found by utilizing Finite Element 
Method (FEM) through. Ansys Software.  

Torsional and bowing vibrations are significant factors in pivoting shaft framework. Led on turbine 
generator shaft. In this pre-owned Laser Torsional Vibrometer (LTV). It is a non-ordinary and not the 
same as the normal for example customary technique. They performed four different examinations and 
improved outcomes. Here the end is because of regular strategy various deformities may emerge for 
instance shaft twisting vibrations, unbalancing, misalignment, bearing issues, rubs, can be destroyed by 
utilizing LTV.  

In this Journal, they performed test on shaft tower outfitted with multi-rope grating derrick under the 
vibration conditions in mines. A multi-rope erosion works under the weighty burdens, effect and 
recurrence beginning yapping. In the event that the energizing power is too huge for example equivalent 
to regular recurrence then it might prompt the break in shaft pinnacle and it might prompt deceleration 
in shaft tower. They performed modular and dynamic examination in Ansys and proposed 1. Ideal speed 
of derrick shouldn't be more noteworthy than 11.5meters/sec and 2. Recurrence proportion (for example 
working recurrence of derrick to the primary request regular recurrence) of shaft pinnacle ought to be 
under 0.7. 

DESIGNING PROCESS STEP BY STEP 

To design object need to open solid works and then create a circle with a diameter of 10mm and extrude 
it with a length of 1000mm, and the below image shows the extrusion length of the object,  
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The above image shows the simple supported beam without crack and after creating it save it  

Crack 2mm 

 

To create crack 2mm here need to create a rectangle shape with dimensions of 2mm, and insert it into 
beam with 2mm length , after creating it then cut the object with extrusion cut option,  

 



1576| KOLIPAKA MAHESH KUMAR                                         VIBRATION ANALYSIS OF SIMPLY SUPPORTED SHAFT BY  
      USING FINITE ELEMENT ANALYSIS 

  

 

 

2mm crack beam 

 

To create crack 4mm here need to create a rectangle shape with dimensions of 2mm, and insert it into 
beam with 4mm length , after creating it then cut the object with extrusion cut option,  

 

 

4mm crack beam 

 

 

To create crack 6mm here need to create a rectangle shape with dimensions of 2mm, and insert it into 
beam with 6mm length , after creating it then cut the object with extrusion cut option,  
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6mm crack beam 

After creating beams now need to save each file in step or iges format and save it,  

ANSYS PROCESS 

SAE 1137 

          Sae1137 Young’s modulus: - 200*10^9 pa                                                                                                                                                                                                       

                     Sae1137 Poison ratio:  0.29 

                    Sae1137 Density:   7800 kg/m^3     

Steel 

Steel Young’s modulus: -       2.0*10^11 Pa       

                      Steel Poison ratio:  0.29 

                      Steel Density:       7850 Kg/m^3 

Steel AISI 416 

Steel AISI 416 Young’s modulus: -       1.9*10^11 Pa       

                     Steel AISI 416 Poison ratio:  0.29  

                     Steel AISI 416 Density:       7700 Kg/m^3 

The above data is for material selection, and enter these values in engineering data and enter above 
values manually,  

 

Meshing is a process of creating elements and nodes, and this useful to transfer loads form element to 
element,  
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Boundary conditions 

Here beam is fixed in both ends and then enter no of degrees of freedom values as 6, and then solve it,  

 

 

III. RESULTS 

Without crack  

Steel 416 

Mode1 

 

Above image shows the frequency values of beam without crack, and it has material steel 416, at mode1 it 
has frequency value of 44.956 Hz 

Mode2 

 

Above image shows the frequency values of beam without crack, and it has material steel 416, at mode2 it 
has frequency value of 45.222 Hz 
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Mode3 

 

Above image shows the frequency values of beam without crack, and it has material steel 416, at mode3 it 
has frequency value of 123.87 Hz 

 

Mode4 

 

Above image shows the frequency values of beam without crack, and it has material steel 416, at mode4 it 
has frequency value of 123.87 Hz 

 

Mode5 

 

Above image shows the frequency values of beam without crack, and it has material steel 416, at mode5 it 
has frequency value of 242.71 Hz 

 

IV. CONCLUSION 

In this thesis calculating natural frequency values for vibration fixture, in this process simple supported 
beam were designed with the help of solid works and analyzing with the help of Ansys workbench, in this 
process beam were designed and then made a crack with a depth of 2mm, 4mm, 6mm, and steel material 
considered as existing material and sae 1137, sae416 materials were chosen new materials, From 
analysis results, it is observed that steel416,steel1137 materials are having better vibrational frequency 
values, sae416 and steel 1137 are having better frequency values in both with and without crack 
conditions 
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