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Dynamics and Vibrations Qualifying Exam, Fall, 1995

Work any 3 of the 4 problems. Show all of your work. Clearly state all assumptions.
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A one-cylinder reciprocating engine rests on a lossless elastic foundation as shown. The total
mass of the engine is M while the mass of the piston alone is m. The elastic stiffness of the

(a) Considering only the vertical motion and forces for this system, derive the equation of
motion for the engine displacement x(t). If possible, simplify the equation of motion

assuming that (e/L)< <.

(b)  Even if you could not complete part (a), consider the following approximate linear model

for the engine:

MX + kx = meyw? [sin(wt) - %cos(2wt)]

Find the steady-state response of the engine for the case w=2w,.

(c) In terms of w,, what are the systems’s critical rotation speeds?

m, piston

Engine
L, connecting rod

Elastic Foundation
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The system below represents a model for a device supported on a flexible foundation.
The foundation is represented as a free mass.

m, l—-;X,

— M 1),

1) Find the natural frequencies of this system.

2) Assume that a disturbing force A)=Pysin(wr) is applied to mass my, and derive
expressions for the motion of the foundation (rm5), and for the force transmitted to
the foundation.

3) For vibration isolation, a general guide is that the natural frequency of the
System on its support should be at most one-third the disturbance frequency.
Suppose the device, m 1, weighs 10 times its foundation, mj. For a fixed

disturbance frequency w,, compare the required natural frequency for vibration
isolation of this flexible foundation model to the required natural frequency if the
foundation were rigid and fixed in space.




The figure shows a 4-bar spatial RSSR*mechanism. Two
revolute joints rotate links b and d that connect to link ¢ by
ball and socket joints. Angles y and ¢ are assumed known
and are measured from the X-y plane using a right-hand
rotation. Given the link lengths a, b, ... e find:

a. The degrees of freedom of the linkage.

b. ¢ as a function of y .

¢. The mechanical advantage for input y and output ¢.
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