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                                                                         Abstract 

The vibration monitoring of the rotating machines is an effective tool to detect rotating element’s defects at their 

early stages. The dynamic characteristics such as natural frequencies, whirl orbits and 1X, 2X, 3X harmonic 

components of dynamic response are significantly influenced by the presence of a transverse crack in the rotating 

shaft. In the present work, the time-varying stiffness matrix of the cracked rotor system has been modeled by 

considering the product moment of area in the dynamic modelling. A novel, simplified and competent breathing 

function has been proposed to approximate the actual breathing phenomena of the transverse crack. The Finite 

element (FE) equations of motion for a two-disc rotor system containing a breathing have been formulated and solved 

by using the implicit Newmark time step integration algorithm based on average acceleration scheme. The validation 

and effectiveness of the proposed model have been discussed and presented. Moreover, the influence of crack's 

existence, crack depth, and crack location on the natural frequencies and whirl orbits have been investigated. It has 

been observed that the percentage variations in natural frequencies seem to be the preferred approach for identifying 

the crack presence and determining its depth and location. Additionally, a crack present in the rotating shaft system 

can be identified by the appearance of inner loops and orientation change of whirl orbit plots while passing through 

1/2 and 1/3 of critical speed. The whirl orbits of the cracked rotor system are also found sensitive to the unbalance 

force direction. The change in orientation of inner loops in whirl orbits with the unbalance force direction could be 

a typical feature for crack detection. The size of the inner loops of whirl orbits in the neighborhood of 1/2 and 1/3 of 

critical speed provides useful information about the crack depth. The shapes of whirl orbits are also affected by the 

location of the crack. The identical whirl orbits in the neighborhood of 1/2 and 1/3 of critical speed have been found 

when the crack is located equidistant from the mid of the rotor. In addition, a dedicated experimental test rig of a 

two-disc rotor system having an unbalance influenced transverse crack has been developed in order to validate the 

numerical findings. The numerical results have closed agreement with the experimental results and literature. Hence, 

the proposed algorithm has been found to be efficient for crack detection and can be used for identifying crack depth 

as well as the crack location in the rotating shaft system effectively. 

 

This PhD Thesis will provide the low-cost condition monitoring of rotating machines that can be applied to 

the early detection of shaft cracks on any type of rotating shaft system. 
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