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Abstract - Rotors and bearings are widely used in all the 
different engineering fields. Rotor rotation mainly depends on 
the dynamic characteristics of the system. These dynamic 
characteristics are basically the force and stiffness. The 
stiffness considered is the torsional stiffness as the rotor is 
rotating. The results were obtained with the ansys. The model 
basically consists of a rotor on a shaft supported by bearing. 
The CAD model was designed on SOLID WOKS software. 

The model consists of a rotor supported by bearing on a shaft 
at uniform distance and mass on the rotor was also uniform so 
that efficiency is equal at both the ends of the shaft. The work 
is carried to study the dynamic characteristics. This study was 
carried out on Ansys software to understand the stability of 
the system at a range of rpm, for which solid model was 
created using solid works software and further worked on 
ansys software. 
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1. INTRODUCTION  

Rotating machine such as compressors, turbochargers, jet 
engines, pumps all are subjected to vibrations. Vibrations are 
of two types synchronous or nonsynchronous caused by 
rotor whrilling.[1] The major concern area is on rotor critical 
speed , system stability and unbalance response. The main 
components of a rotor-dynamic system are the shaft , rotor 
with disk and the bearing with seals. Vibration of a turbo 
machinery affect the function of  any industrial plants. High 
level of vibrations reduces the output and efficiency of a 
system .In simple terms the turbo machine consists of rotor 
supported on bearings. There are three forms of vibration 
torsional, lateral and axial vibrations. Torsional vibration 
specifies about the angular/rotational motion of the shaft. 
Lateral vibration as name species the vibration of rotor in 
lateral direction. Axial vibration specifies dynamics of rotor 
in axial direction. Rotating shaft are used in industrial 
machines such as  turbo-generators, combustion engine, 
turbine for power transmission. On demand of such system 
in industries, the rotors of these machine are made flexible, 
which leads to detail study of vibration and dynamic 
characteristics of the system. These machines are subjected 
to torsional and bending vibrations. . 

1.1 Operating Principle 

Considering a three- phase induction motor to understand 
the working principle of the power transmitted through 
rotor. [4] In a three phase induction motor, the major parts 
are the stator & the rotor systems supported by the bearings 

on the end frames/shields. The stator is stationary part & 
rotor is the rotating pert of the system, the stator has a 
uniformly distributed windings in the form of coils across 
the slots in the stator. The magnetic field is created in the 
stator, the rotor on the other hand has a squirrel cage 
construction comprising of slots which are usually filled with 
brass or aluminum damper bars with end rings short 
circuiting  creating close loop internally.  

When the electric power (alternating current) that is 
supplied to the stator windings. This energizes the stator to 
create the magnetic flux in the system. This flux generated in 
the stator links across the rotor through the air gap between 
rotor and stator which in turn leads to induce the voltage 
and hence further produces current through the rotor bars. 
The output of the rotating flux and current produces force 
that generates torque to start the system. 

Due to the relative speed between the rotating flux & 
stationary conductors, an emf is induced in the rotor, the emf 
induced is the same as that of the supply frequency. Its 
magnitude is proportional to the relative velocity between 
the flux & the conductors. Since the rotor bars form a closed 
circuit (squirrel cage construction), the rotor current 
direction is such as to the cause producing it (Lenz’s law). 

The cause which produces the rotor current is the relative 
velocity between the rotating flux of the stator & stationary 
rotor conductors. Hence, to reduce the relative speed, the 
rotor starts to rotate in the same direction as that of the flux 
& tries to catch up with the rotating flux. The rotor  is set into 
rotation in the same direction as that of the stator flux or 
field. 

In practicality, the rotor does not rotate at the synchronous 
rpm, the difference between the actual speed & the stator 
field, this is termed as slip. As the rotor slips back from the 
synchronisms,  if the rotor would run at the synchronous 
speed then there would be no relative speed between the 
stator filed flux & the rotation of rotor, hence no emf would 
be induced in the rotor.as a result of which there would be 
rotor emf & no rotor current. As an end result there would 
be no torque to maintain the rotation. 

1.2  Principle used in designing the model. 

Primarily the model used incorporates the assembly with a 
unit comprising of a simply support structure with 2 
bearings, the rotor mass is a single unit. But the modified 
model intends to uniformly distribute mass in 2 sections. 
Supported by 3 bearings yielding a very efficient & balanced 
unit optimizing the unit. 
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The shaft defection in the earlier model is a unit with mass 
concentrated at a particular location, usually compensated 
by a higher shaft diameter & bearing sizes leading to higher 
costs of the unit. The proposed unit due to the intermediate 
support bearing will no doubt give a better  support 
reducing the defection & also uniformly distribute the mass 
& optimize the entire the assembly. 

 

Fig-1 Rotor supported by bearing. 

Table-1: Parameters Considered for designing. 

Parameters Value 

Diameter of the rotor 70mm 

Mass of the rotor 20kg and 30kg  

Thickness of the rotor  10mm 

Speed of the rotor  Upto 30,000 rpm 

Length of the shaft 1200mm 

Force 280N 

Stiffness 
N/mm 

 

      

Fig 2 : Representing mode Shapes at different rpm values 

      
 

Fig 3: Results obtained showing the stability and critical     
speed of the system for 20kg 

      

Fig 4 . Representing graph for stability at rpm which      
also shows the critical speed 

 1.3 RESULTS 

From the above graph it is clear the stability of the system is 
linear i.e as the speed of the system increases from 0 to 4000 
rpm the graph varies linearly. The stability of the system 
increases as the speed increases. The critical speed is the 
point at which both the stability and speed intersect, which 
is found to be at 3800 rpm in case of 20 kg mass of the rotor., 
and the critical speed is 3400 rpm in case of  rotor with mass 
of  30kg . From the graph above we could see the logarithmic 
decrement of  system is linear. 

3. CONCLUSION 

 As looking into the above results we could check the 
stability of the system. From the literature survey it was 
observed that stability of a rotor depends on the mass and 
speed . Hence the work was performed by varying the mass 
of the rotor and was observed that varying loads and mass 
on the rotor the stability of the system also varies. Dynamic 
characters like force and stiffness are studied at different 
rpm. 
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