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Consider the vibration isolation arrangement illustrated in Figure 1. below:

b)

d)

Figure 1

Derive the equations of motion for this system.
Show that they have a solution of the form :
X1 (1) =Xy, sin ot

Xy (1) = X5, Sin ot

By finding an expression for x, , show that the system has a
resonant frequency given by:

2 _k(m; +m,)
O = ————=%
mymy

Show that the force transmitted to m, by the spring is

po_ M2 Py sin ot
m; +imj 9_2__1
of
Page 1 0f6

Disturbing Force = P, sin ot

[5]

15]

[5]
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2. Consider the system with open-loop transfer function:
G(s) = 500 ‘
s(s+15)

Suppose, this system is placed in a unity-gain feedback closed-loop with a variable gain
k in the forward path. :

a)

b)

d)

Find the closed-loop transfer function and the associated closed-loop
characteristic polynomial. [5]

Find expressions, in terms of k, for Eand o, [5]

Find the value of k that results in ®y =30. What is the corresponding
value of £? [5]

If the system is subjected to a‘ramp input of 0.5 rad/s, what is the
steady- state tracking error? [5]
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Carefully explain the differences between a Nyquist diagram of G(s) and
a Nyquist diagram of -G(s). _ (3]

Consider the system in Figure 2. below:

+
G(S) ————0
Figure 2.
in which
G(s)= 3 3
s(s+1)

b) Sketch the Nyquist diagram of G(s). [5]
c) Use the Nyquist diagram in b) to determine the number of closed-loop B3]

poles in the right-half plane.
d) Check the result in ¢) using the Routh-Hurwitz criterion. [3]
e) Suppose a variable gain k is introduced into the feedback loop.

Find the value of k that produces a marginally stable system and find

the associated frequency of oscillation. [6]
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Figure 3 shows a feedback control systems with internal rate

compensation.
a) Sketch the root-locus for the case that B = 0, that is the zero rate
feedback case. [6]
b) Set K;= 2 and K,= 5, and plot another root-locus with f3 the varied
parameter. (7]
c) Determine the value of B such that the closed-loop system is critically (7]
damped.

+ +
x(s) o K, - RE

? - - s(s+2)

Figure 3.
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Figures 4 and 5 show lateral and axial views of a point mass m rigidly mounted

on a rotating flexible shaft. The angular velocity of the shaft is constant at ®. The
eccentricity of the mass and the rotation combine to produce a deflection of the
point of attachment S away from the point B on the axis of the bearings.

Figure 5.

Suppose that the spring constant of the deflection of the shaft is k and that, relative to the
axis point B, the x-y coordinates of the centre of gravity G of the mass are given by

Xg= X + € cos ot

Yo=Y +esin ot

where x and y are the coordinates of the attachment point S.

Question 5 continues on the next page
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b)

where

d)

Continuation of Question 5

Using Newton’s second law, show thay

mX +kx = mep2e CoSs ot

my +ky = me2e sin ot.

Prove that the €quations in a) have solutions

X(t)= A cos gt
Y(t) = A sin ot

A=(_i__

<)
m0)2

Explain the sense in which ©, = 1/%- is a “critical speed”.

Sketch the shaft deflection r as 3 function of the angular velocity o
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