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. Answer the questions briefly,
(a) What is a “dynamic system,” and what is the “systern dynamics™? (4%
(b) What is the difference between “automation” and “automatic control™? (4%
() What is “real-time control” and “embedded contraller? {4%)
(d) State the procedure for tuning a PID controller, (4%)
{e) What is the equilibrium point of the system % = —x +sins ? {4%a)

2. Atank is used in storing fuel for a power unit where the fuel level metering is imperative
in keeping the supply precision. Regulation of the level is realized by a control systermn with
proper robustness. Suppose the fuel input is denoted by O and the output is O Itis
known that the time derivative of the fuel level 2 is proportional to the fuel input minus the
fuel output, .

(2) Please write down the system model in a differential equation form, (4%%)

(b} 1 the fuel output is proportional to the fuel level, rewrite the system model. (4%)

{c) Express the system in a state space form. (4%)

{d) What is the input and output of the system. (4%)

(e} Is the system stable? Why? (4%

3. A DC motor is modeled as below, where the output is the angular position of the shaft (&,
and a 0.1 sec of delay is present due 1o the hardware. The task is to design the controller ¢ 1%}
so that the angular position tracks the desired reference R}

(2) Roughly sketch the Bode plot of the uncompensated system using the asymptotes and
estimate the phase margin. (10%)

(B) An engineer desipns the controller as Cls) = EE—L;%, estimale the overshoot, rise
lime, and settling time in the step response of the compensated system. How do you
modify this design to reduce the settling time? Comment on the problems of this design in
the practical application, C10%)

{c) Another engineer, not too sensible either, proposes a different design as C(5) _—%H-,
claiming that the phase lead associated with this controller can compensate for the extra
phase lag caused by the delay. To overrule his design, give specific reasons in s-plane and
frequency response to show that his design will not work. To correct his mistake, how can
you modify the parameters of his “lead filier® to improve the stability if he insists on using
a right half plane pole? (1 0%}
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4. A conlrol system is described in the figure below, and the paramelers @ and & (a, b eR)
are to be designed as the controller gains.

(a) Derive the transfer functions relating the output Y5/ to the reference input £(s) and to the
disturbance input ¥ys). (10%)

(b) Defining the error as Efs)=R(5)-Y{s), what is the system type of this system in relation to
the reference input R(s}? What is the corresponding error constant? (10%)

{c) Find the conditions relating the parameters @ and b such that the closed-loop system is
stable. (10 %)
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