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Abstract —The research was carried out using the finite element method. We create the model and analysis it for ANSYS 19.2 as 

well. The analysis shows that when the RPM increases, the critical speed is simultaneously lowered by a solid shaft and materials such 

as structural steel of the shaft. To compare the natural frequency of the shaft, three different notch angles 45o , 60o , 80o  are used. 

According to projections, 60o notch angle shaft will provide higher frequencies in different modes for solid shaft profiles. 60o notch 

angle shows higher convergence in the stability of a rotor dynamics system as a result. As We have considered three different notch 

angle 45o, 60o, 80o, the gyroscopic effect is effect at 45o and 80o of notch angle this is due to the approach of these notch angles affects the 

frequency as indeterminant effect occurs at axial distance of shaft but this effect is minimized at 60o of notch angle. We found the best 

results with the structural steel material as it has a lower critical speed and higher natural frequency than alloy 6061 at all different 

notch angles. 

Keywords— Critical speed, Campbell diagram, notch angle effect, Gyroscopic effect, Single mass, Natural frequency.  

I.  INTRODUCTION 

A shaft could be a mechanical element that is employed for power transmission in cars and additionally utilized in industrial 

purpose like power homes, in turbines, compressors, shafts are used to transmit power from supply to system it is a rotating 

member. The uneven distribution of hundreds in the rotor creates whirl phenomenon which receives terrific at the essential speeds 

and creates immoderate threat to the bearings. The gyroscopic effects arise from the presence of rotating masses hooked up at the 

rotor and their orientation with admire to the bearing centre line. This, together with the bearing support situations continuously 

reasons forward and backward whirl phenomenon inside the rotor and induces fatigue loading in the bearings. Throughout 

rotation, the components go through continuous precession due to coriolis force and subsequently set off gyroscopic impact. The 

effect produces moments on the rotor which leads to backward whirling and ahead whirling of the rotor. The results in turn on the 

bearings are fatigue loadings. 

A. Secondary Critical Speed 

We have seen that main or primary speed occurring in horizontal shaft is because of centrifugal force due to unbalanced 

masses but besides this some amount of vibration is also observed at half the critical speed. This speed known as secondary 

critical speed. 

B. Natural Frequency 

When no external force acts on the system after giving it an initial displacement the body vibrates, these vibrations are called 

free vibration and their frequency as natural frequency. It is expressed in rad/s or Hz. 

C. Analytical model of a continuous shaft with two breathing cracks 

The governing equation of lateral motion of a continuous rotating shaft with a disc located at the mid-span 

 

D. Crack modeling 
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II.  MODELING OF PRESENT CONTINUA 

A. The procedure for solving the problem  

• 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  

Table 1: Dimension of Shaft. 

   Length of shaft. 1000 mm 

   Diameter of shaft 19.05 mm 

   Diameter of Disc 134.4 mm    

   Thickness of Disc 25.4 mm 

 
Figure 1:  Model of Solid shaft with 450 
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Figure 2: Model of Solid shaft with 600 

 

 

 

 

III.  RESULT AND DISCUSSION 

Analysis of Solid Shaft with two Crack and Different Materials 

 

Figure No.3: Result of Campbell diagram of frequency and rotational velocity distributions along the Structural Steel 

shaft with 450 
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Figure No.4: Result of Campbell diagram of frequency and rotational velocity distributions along the Structural Steel 

shaft with 600 

 

Table No.2:  Critical Speed of Solid Shaft with different Notch Angles 

Critical Speed of Solid Shaft with different Notch Angles 

Modes 450  600 
800 

1(BW) 4371.3 3859 4957.7 

2(FW) 5527 4447.8 5784.3 

3(BW) 8977.1 7628.7 9855.6 

4 (FW) 9502.8 7648.6 9880.6 

5(BW) 12958 11853 14927 

 

 

Figure No.5:  Graph shows comparison of critical speed of solid shaft with different Notch Angle 

 Natural frequency of solid shaft with Different Notch Angle 

Natural frequency of shaft with different Notch Angle 

Mode 450 600 800 

1 83.333 89.998 69.567 

2 78.997 90.063 69.614 

3 153.88 164.7 127.21 
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4 154.34 164.97 127.41 

5 280.3 308.1 238.04 

 

Figure No.6:  Graph shows modes and frequency of a solid shaft with different Notch Angle 

Critical Speed of Solid Shaft with different Notch Angles 

Critical Speed of Solid Shaft with different Notch Angles 

Modes 450  600 
800 

1(BW) 4421 4067 5147 

2(FW) 5607 4729 5837 

3(BW) 9054 7791 10134 

4 (FW) 10421 8346 11764 

5(BW) 13769 12745 13912 

 

Figure No.7:  Graph shows comparison of critical speed of solid shaft with different Notch Angle 
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Natural frequency of alloy 6061 shaft with Different Notch Angle. 

Natural frequency of Alloy 6061 shaft with different Notch 

Angle 

Mode 450 600 800 

1 63.24 82.66 78.11 

2 74.54 94.51 86.42 

3 94.78 124.65 106.34 

4 148.36 180.25 164.82 

5 190.28 220.31 207.49 

 

 

Figure No.8:  Graph shows comparison of critical speed of two different materials. 

 

Figure 9: First modes frequency of alloy 6061 shaft 
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Figure 10: Second mode frequency of alloy 6061 shaft 

 

Figure 11: Third mode frequency of alloy 6061 shaft 

 

Figure 12:  Forth mode frequency of alloy 6061 shaft 
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Figure 13:  Fifth mode frequency of alloy 6061 shaft 

 

Figure No.14:  Graph shows Comparison of Critical Speed of Solid Shaft for Different Notch Angles with Both Material 
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Figure No.15: Graph shows Comparison of Natural Frequency of Solid Shaft for Different Notch Angles with Both 

Material 

IV. CONCLUSION 

A. Influence of different shaft profiles. 

• Modal analysis is what we are doing now. The materials used for it were structural steel. Utilizing the Finite Element 

Method, critical speed and natural frequency have been examined. The investigations have made use of both a non-

simplified finite element model of the process and an idealized and simplified finite element model by applying 

symmetry assumption. The impact of diameter on the natural frequency and modes of various materials, as well as the 

critical speed effects, was examined in relation to various shaft profiles and materials, and the distribution along the shaft 

was examined. The shaft featured different notch angle.  

• As per our study we determine the critical speed of shaft they result emphasizes the critical speed effect of shaft assigned 

with structural steel material, as RPM is increased and when it achieves the natural frequency of respected material due 

to this effect the axis of spin of shaft starts whirling motion due to critical speed which acts as an axis of spin this effect 

relets to gyroscopic behaviours of shaft. 

• 600 notch angle shaft produced greater frequency characteristics towards the shaft's end for a different notch angle shaft 

with both materials.  

• The shaft with 600 notch angle exhibits lower critical speed with increase natural frequency, this effect is observed 

because the orientation of 600 notch has less approach to the axial distance of shaft, thus it doesn’t affect the frequency 

of shaft. 

• We discovered that the 800 Notch angle shaft critical speed is lower than that of the other notch angle shaft. 

• As We have considered three different notch angle 45o, 60o, 80o, the gyroscopic effect is effect at 45o and 80o of notch 

angle this is due to the approach of these notch angles affects the frequency as indeterminant effect occurs at axial 

distance of shaft but this effect is minimized at 60o of notch angle. 

• We found the best results with the structural steel material as it has a lower critical speed and higher natural frequency 

than alloy 6061 at all different notch angles. 

B. Future Scope 

• 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. 
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• Stiffness of bearing should be changed and also with damping coefficient for study of shaft system on Campbell 

diagram. 
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