35.7 A 1.5in diameter steel shaft (E = 2.9 x 107psi) is 4ft long and sup-
ported by two frictionless bearings at its ends. A 200[b,, flywheel is
mounted on the center of the shaft. The shaft weight is negligible
and there is no damping. What is the critical speed of the shaft?
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The critical speed depends on the linear natural frequency of the shaft which can be determined
from the static deflection due to the mass of the flywheel modeled as a point load applied to the
center of a simple beam.

Start by calculating the area moment of inertia for a the shaft.
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Find the formula for the static deflection of a simple beam with a concentrated load at center.
Calculate the maximum static deflection.
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The undamped natural circular frequency can then be determined as a function of the static
deflection.
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Find the linear natural frequency.
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Answer B
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