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1. Figure 1 presents a thin disk suspended through two steel shats with different cross-sectional areas of square and
circle with the dimensions shown. The Young and shear modules of steel are 200(GPa) and 75(GPa). respectively.
Assume that the loss factor of steel (1) is 1= 0.001 to be used in the Structural Damping. Note that the shafis
are in series. The disk is also welded to a steel bar at pont 4; the distance between point A and the disk's center is
ra. The square and circular shafts are subject to Harmonic Excitations of M = Mo sin(wt) around the axis 0~ ',
The bar is assumed to be massless. The geometrical and internal parameters are shown in Fig. 1. Assume Mo

(a) Assume that the square shaft’s mass can be lumped at its middle point and hence model it as two sets of torsional
springs (keut & keez) and dampers (ccn & cera). Also assume that the circular shaft mass can be lumped at its
‘middle point and therefore, model it as two sets of torsional springs (Kees & keus) and dampers (cus & cug)-
Model the massless bar as a linear spring (kr). Use the numbers shown in Figure 1. Hint: Use w = 2000 (224).
Now you must have a 3-DOF system.

(b) By having the numerical values of the torsional springs and damping coefficients of both the shafts and bar,
derive the equation of motion (EOM) of the whole system using the Moment Equation in its Matrix form. Now
Solve for eigenvalue and eigenvector problems and determine three natural frequencies (w1, w2, and wys) and
the corresponding mode shapes. You may use MATLAB for the caleulation of eigenvalues and plotting mode
shapes. Assume 6, f,  for the rotations of square and circular shafts, and disk, respectively.
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Figure 1: A suspended thin disk

() Use MATLAB and plot 619, 6o, and ag vs. @ = 0: 10 : 10000 (rad/s). Can you capture three resonances in
each response? If not, why? please claborate.




