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PartI. Closed books/notes (8 Problems, 40 Pts, 5 Pts/each)

Problem 1.  Please briefly answer the following questions (Closed books/notes)

A.
B.

Please use your words to define the response spectrum of a vibration system and tell us its engineering applications

For a SDOF system subjected to a general non-periodic loading shown below, the general solution can be

I o
x(t) = / F(r) ¢~ 417 gin wq(t — 1) dr
0

mwg .

expressed as:

Please try your best to tell us the physics/math of the above equation and to explain why the equation is the general
solution of the vibration problem.
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FIGURE 4.9  An arbitrary (nonperiodic)

forcing function.
In chapter 5, we have seen that a multi-degree of freedom vibration system is usually coupled. There are several
types of couplings such as static (i.e., spring) and dynamic (i.e., mass) coupling. Please define these two types of
couplings. Also, please try your best to tell us the nature of these couplings. (F[l: A fi] 24 ¥ static /dynamic
couplings).
In MDOF systems, why [K] matrix is symmetric ?
What is principal coordinates and mode shapes? Please try to explain it by mathematics and physics/engineering
What happen if a vibration system contains eigenvalues of value = 0? And what happen if the system has repeated
eigenvalues?
Please use your words to explain the reciprocal theorem and tell us the possible applications.
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Part I1. A sheet of notes is permissible (7 Problems, 84 Pts)

Problem 2.  Construction of Response Spectrum (10 Pts)

A

%+ J&— 1 forced SDOF mass-spring system (iX 7 damper).
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Problem 3. Input Shaping (10 Pts)
The following figure shows the unit-step response of a SDOF vibration system. Please briefly predict the response of

this system subject to a input shown in the figure.
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Problem 4. M-DOF system (I): System Modeling (10 Pts)

AR RTHD AL RE RV, A AGEEp A ergofa g L3 TRp 2
R 438 P FRit 4T 0 A two-mass system consists of a piston of mass m; connected by two elastic springs that moves
inside a tube as shown below. A pendulum of length | and end mass m; is connected to the piston as shown below.
Assume that the swing angle is small so that the pendulum can be treated as linear vibration.

Please derive the equations of motion of the system in terms of x;(t) and x»(t) and find the natural frequencies of
vibration of the system.
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Problem 5.

M-DOF Systems (II): Influence Coefficients (18 Pts)

Consider the 3DOF system constituted by three ideal beams and three concentrated masses shown below,

(a) without involving any mathematical detail; please tell us how to find their stiffness influence coefficients.

(You may need to draw necessary figures for illustration).

(4 Pts)

(b) without involving any mathematical detail; please tell us how to find their flexibility influence coefficients.

(You may need to draw necessary figures for illustration).

(4 Pts)

(c) Try your best to find either the stiffness or the flexibility matrices of the system if possible. (10 Pts) HEFTHTHIA

AMEFFAHRED.
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Transverse shear =V = R, — W(x — a)°

Bending moment =M =M, + Ryx — W{x—a)

My Ryl W
EI 2ET  2EIT

MA.TE RAIS W 3
2ET T BEI GEIC Y

(Note: see page 131 for a definition of the term (x — a)".)

Slope =0 =0+

(x — a)?

Deflection =y = y4 + 4% +
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Boundary values

Selected maximum values of moments and deformations
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Problem 6. M-DOF Systems (III): Natural Frequencise and Modes (11 Pts)

Consider the system shown below, where mi=m, m,=2m, k,=k, and k,=2k. Gravity effect L b

is not considered.

(a) Please find the equation of motion (5 Pts)

(b) Please find the natural frequencies and the corresponding mode shapes. (6 Pts)
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Problem 7. M-DOF Systems (IV): Natural Modes (15 Pts)

As shown in the figure below, a model of a ring molecule consists of three equal masses m, which slides without friction

on a fixed circular wire of radius R.  The masses are connected by identical springs of spring constant K.  The angular

positions of the three masses, &1, &, 6, are measured from a rest position.

(a) Use any methods, please find the equation of motion (5 Pts)

(b) EERSA=EEAAR, FalE K. (5 Pts)

(o) BEE&A =R, EHEP—(E 5 (R normalized i 1) [0.7634, -0.6325, -0.1310]", H>KH555MII{E modes
GEEEE/EY normalized fi% 1) (5 Pts)

Problem 8: MDOF Systems (V): Modal matrix and Principal Coordinates (10 Pts)
Consider the eigenvalue problem

A 2 0 g8 -4
[[k]-@’[m]]X =0, where [m]:[o J, [k]{_4 4}.

Please find the natural frequencies and the principal coordinates.



