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The figure below shows a mechanical vibrating system. If the system is at rest and
let the displacement of the mass measured relative to static equilibrium position.
When 9 Newton of force is applied to the system, the mass oscillates as shown.

Determine the parameters M, B and K of the system from the response. (10%)
y(m)
0.003
,, e
K 0.03 . e

2 4 1 (sec)

2. A system consisting of two masses, m, and m,, connected by a flexible but

inelastic cable (i.e., cable stiffness is very large) is originally held in equilibrium

by having a support under the massm, as shown in the figure below. (15%)
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Draw a simple lumped parameter model of this system involving translational
elements which move in the x direction only. Include an input to this system
which is equivalent to removing the support in the real system. Then, find v as a

function of time after the support is removed. Make a clearly labeled sketch of this
system response, showing all its salient features.
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3. Given the following system of equations, (10%)
a X +a,X; =bu
a,X,+a,x, =0
a;x,+aXx; =0
(1) Draw a signal flow graph or a block diagram showimg u as the input and x, as the output.
(2) Use Mason’s rule to determine the transfer function relating x, and u.

4. Given the unity feedback system with (15%)

4

G(s)=
(<) 5(s° =25° +25* —ds’> =57 +25-2)

Using the Routh table, find out how many poles of the closed-loop transfer

function lie in the right half-plane, the left-plane, and on the jw-axis.

Ry + C(s)
G(s)

5 A second-order control system has the closed-loop transfer function
T(s) =Y(s)/ R(s) . The system specifications for a step input follow: (20%)
(1) Percent overshoot < 5%
(2) Settling time < 4 seconds (Use a 2% settling criterion)
(3) Peak time < 1 second
Sketch the region in the s-plane in which the poles of T(s) should be located in
order to achieve the desired response. Also determine the closed-loop transfer
function I(s) when the percent overshoot is 5%, the peak time is 1 second, and

the steady-state error is 0.1 for a unit step input, where E(s) = R(s)—Y(s).

6, .Find the frequency response of the following system. (30%)

G(s)=

s+2

N



