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1. Figure 1 presents a think disk suspended through two stecl shafts with different, cross-sectional arcas of square and
circle with the dimensions shown. The Young and shear modules of steel are 200(GPa) and 75(GPa), respectively.
The loss factor of steel (1) is 1 = 00004 Lo be used in the Structural Damping. Note that the shafts are in serics.
The disk is also welded to a sicel bar at, pomt /; the distance between point. A and the disk’s center s 7. The base

is subject to a Harmonic Excitation of 0 = fysin(wt) around the axis 0 — /. The masses of two shafis and bar

are negligible in comparison with the disk’s mass. The geometrical and internal parameters are shown in Fig, 1.

(a) Model the shafts as two sets of equivalent torsional springs (ki) and dampers (c.1) which are in series. Also
miodel the bar as a lincar spring (K.1). Use the mumbers shown in Figure 1. Hint: Use w = 2w, (%22); sco step
(d)- (30)

(b) Find the equivalent torsional stiffuess (zoe) and damping (cuir) of the shafts. (10)

(€) By having the numerical values of the oquivalent torsional stiffess and damping cocficients of both the shafts
and bar, derive the nonlinear cquation of motion (EOM) of the disk. 1) Use ODEA5 or ODEI5s of MATLAB
and plot a(t) for w = 2w, (224). 2) Lincarize the nonlincar EOM around the cquilibrium point of a* — 0; where
aindicates the disk rotation angle. (20)
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Figure 1: A suspendod think disk subjoct to the base harmonic excitation
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(d) Find the to

nal damping ratio G, and natural frequ

cy wn of the disk. (10)

) Dt e oot e Ampltade of Dk Totation
(0 Dtermin tho rti o 3 — Ak oDk Rtaton ot requoncy (1= ) and torsonal dap-
ing (G,) ratios, which you can now caleulate from steps (), (b), and (d). (15)

(T) Use MATLAR and plot 8 vs. r.
plot. (15)

‘ind the frequency (w) in which the resonance happens and show it in the
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Figure 2: An isolation system




