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— ~ Following figure shows a machine of mass M mounted on a foundation using a

spring of stiffness X with a damper of coefficient B in parallel. The machine
generates a disturbing force F(¢) = Asinwr. Find the force transmitted to the

foundation at steady-state. (15%)
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= ~ The scheme of following figure produces a steady stream flow of fluid with
controlled temperature &. A stream of hot fluid at constant temperature &, is

continuously mixed with a strearn of cold fluid at constant temperature €., in a
mixing valve. The valve characteristic is such that the total flow rate
Q (m’ /sec) through it is maintained constant but the inflow g, (¢) (m®/sec) of
hot fluid may be linearly varied by controlling valve stem position x(q, = K,x).
The valve stem position x thus controls the temperature g,(°C) of the outflow
from the mixing valve. Due to the distance between the valve and the point of
discharge into the tank of volume V(m®), there is a time delay of 7, sec
between the change in &, and the discharge of the flow with the changed
temperature into the tank. Derive a transfer function model 8(s)/8,(s), and a
linear relationship between 6, and x for small perturbations about the

equilibrium operating point Q , 6., 6. Given:
%: l, z,=15 K,6=0.5 (15%)
Q‘ +g,
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= ~ Consider a second-order model (30%)
2

YO Gy =y _0<g<l
R(s) s? +200,8+ w2
Find the response y(t) to the input
(a) r(t)=p(t), aunitstep function
(b) r(t) =tu(t), aunit ramp function
Find the steady-state component y_ of y(t) in each case.
Will the final value theorem give the correct value of y in each case? Why?

m™ ~ A closed-loop control system is to be designed for an underdamped response to a
step input. The specifications for the system are as follows:

Percent overshoot < 1.5%

Settling time < 2.5 seconds (Use a 2% settling criterion)

(a) Sketch the region in the s-plane in which the dominant poles of the system

should be located. (8%)

(b) The control system has the plant  (12%)

L

sP+6s+4

Design a PID controller G,(s) so that the closed-loop system has a real pole

G(s)=

at —10, the settling time of 2.5 seconds and the percent overshoot of 1.5%.
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% ~ A unity feedback system has a process

G(s) =—RE+a)
s(s+1)(s+10)

(a) Find the value of a so that the system will have a settling time of 4 seconds
for large values of K. (Use a 2% settling criterion)  (5%)

(b) Sketch the root locus for 0 < <, with K =4. Also find all the critical
points, such as breakaway points, asymptotes, jw-axis crossing, and so on.

(15%)

R(s) + - C(s)




