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The relation between inputs and outputs of pump are H = fi(N, Q] and M = f2(N, Q}
where N, Q, M, and H are shaft speed, discharge, torque, and head, respectively.
A pump characteristic is shown below. Linearize the relation at Q = 50gpm, N=
100rpm, and determine k; for i, j = 1, 2 defined by the equations,

A N =k AM + kppAH and AQ =k AM + kpAH.  (20%)
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2. In Ziegler-Nichols’ ultimate sensitivity method the PID controller gains are
adjusted based on evaluating the amplitude and frequency of the oscillations of the
system at the limit of stability, i.e., increasing the proportional gain until the
system becomes marginally stable Do you think this method can be applied to
any kind of plant” Give your reasons. {10%)

3. Consider the unity feedback system. The open-loop transfer function is given by G(s)
=k/sims" + s+ 1)]. Letk=0.16 and determine the root locus form.  (15%)

4. Consider the following feedback system w
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where Gis) = AX s* + ¢) and H(s) = 1/(s + a). Design the simplest controller D(s)
and prefilter F(s) so that the system is type I for a step input r(t) Does it
reject the step disturbance wi(s)? Proveit.  (20%)

5. Consider the Nyquist plot shown below, which is a minimum phase system
Write the corresponding transfer function and indicate the relative location of

poles and zero, if exist. 4 (15%)
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6. Consider the unity feedback system. The open-loop transfer function G(s) =
100{1-s}[(s/0.1 + 1%s/10 + 1)]. The controller is chosen as a gain k.
a. Plot the Bode plots.
b. Find k to meet (i) phase margin= 60°, (i) gain margin = 10dB, and (jii)
position error = 25%. (20%)




