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After taking into account the corresponding constraints and loading of the 2-node 

beam, Eqn. 4.3 can be simplified into Eqn. 4.4. 

 

[
  −  
−    +  ̂   ] {

  

  
}  {

  

  
}       (4.4) 

 

 

Another representation of Eqn. #4-4 is the system of two beam equations shown 

in Eqn. 4.5 and Eqn. 4.6: 
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This system of equations can best use Eqn. 4.6 for the extraction of the modulus 

value.  After substituting in the values for  ̂, the resulting shear modulus, G, can be 

solved for and represented as follows with Eqn. 4.7. 
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Now, with the derivation of shear modulus for the system, the bulk shear modulus 

value can be calculated based on the available results.  For verification purposes, the disc 

pack simulation containing multiple discs was compared to a solid disc pack simulation; 
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see Figure 4.8.  The resulting shear modulus values, G, for the disc pack studies are 

shown in Table 4.4. 

 

Figure 4.8: Disc pack FE model comparison a) multiple discs b) solid disc pack 
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Table 4.4: Shear modulus comparison 

 

  

The simulation results comparing the multiple layer disc pack and single 

homogenous disc pack generate a shear modulus of no significant difference from each 

other with a difference below 1%.  However, the comparison of these results to the 

accepted shear modulus of steel is yields a 33% difference; indeed there is room for 

improvement and further investigation of this method.   

 

4.4.   Eigenvalue Analysis -  Natural Modes of Vibration 

The parameters studied and their effect on torsional stiffness is discussed; of 

greater importance is the effect of torsional stiffness and misalignment on vibration in a 

power system.  Unwanted vibrations can cause unexpected failure of the system and can 

harm more expensive drive equipment in connection with the coupling system [68], [69], 

[70].  This study is of the natural frequencies of the simplified coupling geometry; limited 

by the computational resources, the disc pack was modeled as an effective solid 

component rather than a stack containing multiple discs.  The study was conducted in the 

ANSYS environment which uses the Block-Lanczos method to solve for modal analysis 

[56].  The first 20 modes were solved and analyzed from the ANSYS results.  The mode 

shape results are classified and summarized in Table 4.5.   
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Table 4.5: Summary of Mode Shapes and Results 
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The first six modes correspond to the unconstrained six degrees of freedom for 

the solid body while the rest contain modes of lateral bending, tension, axial torsion, and 

component flexure or wobble.  The classification of later vibration modes includes the 

uni-axial bending of the entire system and tension from each end of the system; Figure 

4.9.  Also, the component modes include those of center member wobble and translation 

corresponding to modes 11 and 13 respectively and depicted by Figure 4.10. Additional 

component flexure includes that of the disc and flywheel adapter for modes 12 and 14 

respectively shown in Figure 4.11.  Finally, torsional vibrations are important to be aware 

of in terms of the lifetime of the coupling; corresponding to mode 15 of this study, Figure 

4.12 displays one torsional natural frequency. 
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Figure 4.9: Lateral Modes: a) Mode 8 - Bending and b) Mode 9 – Tension 
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Figure 4.10: Center Member mode shapes: a) Mode 11 - Wobble and b) Mode 13 – 

Translation 
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Figure 4.11: a) Mode 12 – Disc Flexure and b) Mode 14 – Flywheel Adapter Flexure 
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Figure 4.12: Mode 15 – Torsional Frequency 

 

4.5.  Steady State Static Analysis - Torsional and Bending Stiffness 

In this study ANSYS has been verified as a useful tool for analyzing the mode 

shapes of the flexible coupling.  The results can be analyzed to determine natural 

frequencies of the assembly and these natural frequencies can be accounted for when 

analyzing the entire power system.  The vibration results reveal modes of potential 

misalignment and torsional harmonics of which the stiffness properties are critical 

influences of the result.  As such, the static torsional stiffness properties can be analyzed 

through an independent study and the modal analysis can be leveraged in using reduced 

order modeling techniques. 
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In comparison to the analytical method for determining torsional coupling 

stiffness from Section 3.2, the ANSYS numerical method utilizes the more robust 3D 

geometry developed for the previous simulation studies of material properties, disc 

thickness, and modal analysis.  The simulation model was prepared for an axial torque 

application through the corresponding hub with the opposite end constrained and there 

are two methods which will be used to do so. 

The first method accounts for a rigidly constrained end and input shaft which 

would directly correspond to how an actual coupling is constrained in real practice or 

experimentation; see Figure 4.13.  These rigid ends are modeled and meshed with the 

entire coupling assembly.  The input shaft extends outward from the hub component 

where the torque is applied to the outside nodes.  The fixed end is modeled as rigidly 

constrained bolts which are connected through the bolt holes of the flywheel adapter. 

 



36 
 

 

 
 

Figure 4.13: a) Method 1 geometry b) Method 1 loads and constraints 

 


