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Problem 1. Concepts (total 50 Points, % 4g 5 4)
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2. Inorder to describe vibration in continuous systems, boundary conditions must be
obtained. There are two types of boundary conditions in view of energy approach.
Please describe them and state the key characteristics.
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Problem 2  Continuous Vibration (15 Pts)

(a) Please find the potential, kinetic, and magnetic energy of the system (5 Pts)

(b) Please write the extended Hamilton’s principle for the system (5 Pts)

(c) Using any methods, please find the equation of motion of the bar and the door chime. (5 Pts) %
BATHFITN ATEER N Y TR RS NE @42 equation, B F R FTE 0

+
AT S HE R ER- s -5 S i

[ =



width=1 .
thickness = 2 thickness =1

Chime —_

Striker ~

bar: density =
P, Young's modulus = E

A
\/

Problem 3.  Continuous Vibration (20 Pts)

Consider a simply supported beam (Length = I, cross-sectional area = A, density = p, material Young’s

modulus E) under transverse vibration.

(@) Please write down the equation and the associated boundary conditions. (you don’t need to derive
the equitation here.  Just state the results carefully). (5 Pts)

(b) Please find the frequency equation and the associated natural frequencies. (9 Pts)

(c) Find the cross-sectional area (A) and the area moment of inertia (1) of a simply supported steel
beam of length 1 m for which the first three natural frequencies lie in the range 1500 - 5000 Hz. (6

Pts) (if Square cross section)

Problem 4. 3D Rigid Body Dynamics (15 Pts)
Acrigid cone with apex half angle a rolls steadily without slip on a horizontal surface so that it rotate
about Z axis at a constant angular rate £2.  The cone has a mass M and principal moments of inertia

11,11 and I3 at the tip and the distance between the tip and the center of mass is a.

(@) Please show that the amount of the angular velocity of the cone @ =«Xota. (6 Pts)

(b) Please find the kinetic energy of the cone. (9 Pts)
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Problem 5. 3D Rigid Body Dynamics Il (17 Pts)
A table with axial moment of inertia | can turn in fixed bearings without friction. The table carries
a massless rigid frame from which is suspended a massless pendulum arm carrying a spinning disk.

The disk has mass M and principal moments of inertia I1, 11, and I3 at the centroid.

A Select generalized coordinates to describe the motion of the table and the disk.

Please label them clearly. (4 Pts)
B. Please find the kinetic energy of the system. (8 Pts)

C. Formulate equations of motions, including the effects of

gravity but neglecting friction. (5 Pts)




