doo1
11/09/05 WED 11:56 FAX 650 323 5892 MSC SOFTWARE MARC

{58 ‘

_ 2d Eduim
2 namiéy re
Sﬁm, * oam*A Pronhee. eV 1978

Linear Systems Analysis
In the Frequency
Domain

7-1 INTRODUCTION

System response to sinusoidal inputs is the major subject of this chapter, We first d
fine the sinusoidal transfer function and explain its use in the steady-state sinusoi
response. Then we treat vibrations in rotating mechanical systems, followed by dj
cussions of vibration isolating problems and dynamic vibration absorbers. Fina
we deal with vibrations in multi-degrees-of-freedom systerns.

The outline of the chapter is as follows: Section 7—
1al. Section 7-2 begins with forced vibrations of mechani
the sinusoidal transfer function for the dynamic system. Section 7-3 treats vibrati
in rotating mechanical systems. Section 7-4 discusses vibration isolation proble
that occur in rotating mechanical systems. Here transmissibility for force excitati
and that for motion excitation are discussed, Section 7-5 presents a way to redii
vibrations caused by rotating unbalance and treats a dynamic vibration absorb
commonly used in industries. Section 76 analyzes vibrations in multi-degrees-
freedom systems and discusses modes of vibration.

7-2 SINUSOIDAL TRANSFER FUNCTION

When a sinusoidal input is applied to a linear system, it will tend to vibrate at its ow
natural frequency as well as follow the frequency of the input. In the presence.
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damping, that portion of motion not sustained by the sinusoidal input wiil gradually
die out. As a result, the response at steady state is sinusoidal at the same frequency
as the input. The steady-state output differs from the input only in the amplitude
and phase angle. Thus the output-input amplitude ratio and the phase angle be-
tween the output and input sinusoid are the only two parameters needed to predict
the steady-state output of a linear system when the input is a sinusoid. In general,
the amplitide ratio and the phase angle depend on the input frequency.

Frequency response. The term frequency response refers to the steady-
state response of a system to a sinusoidal input. For all frequencies from zero to
infinity, the frequency-response characteristics of a system can be completely de-
scribed by the output-input amplitude ratio and the phase angle between the output
and input sinusoid. In this method of systems analysis, we vary the frequency of the
input signal over a wide range and study the resulting response. (We shall present
detailed discussions of frequency response in Chapter 9.)

Forced vibration without damping. Figure 7-1 illustrates a spring-mass
system in which the mass is subjected to a sinusoidal input force P sin wt. Let us find
the response of the systern when it is initially at rest.

If we measure displacement x from the equilibrium position, the equation of
motion for the system becomes

mx + kx = Psin wt

x'+£x=£sinmt - (7-1)
m m-

Note that the solution of this equation consists of the vibration at its own natural fre-
quency (complementary solution) and that at the forcing frequency (particular solu-
tlon) Thus the solution x(¢) can be written as

x(f) = complementary solution + particular solution

Now we shall obtain the solution of Equation (7-1) under the condition that the sys-
tem is initially at rest. By:taking the Laplace transform of Equation (7-1) and using

Figure 7-1 Spring—mass system.
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the initial conditions x(0) = 0and %(0) = 0, we obtain
k P
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The inverse Laplace transform of this last equation gives

PovVm/k k F
x(f) = —
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~ Thisis the complete solution (general solution
solution (which does not dec
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ity'when o = @ _+. In other words, if w is
at the forcing frequency (particular soluti
@ 13 above resonance, this vibration beco

Sinusoidal transfer function. The sinusoidal transfer function is defined 48
the: transfer function G(s) in which s is replaced by jw. When only the steady-st;
solation (particular solution) is wanted, the sinusoidal transfer function G(jo
stmplify the solution. In the following discussion we shall consider the behavi
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