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INSTRUCTIONS

There are 3 questions attached, please solve all questions as completely as possible. State
all assumptions, and make sure that you clearly indicate the thought processes that you

employed to arrive at your answer.
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Problem 1

For the following plant, discuss the effects of changing the value of A for the closed-loop

system dynamics between the input, u(t) and the output, y(t). Remember that the zero will

affect the system response.

+
u(t) S+A —>

s 42542 y(t)
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Problem 2

In a foundry, hot slabs of steel are rolled into successively thin slabs until sheets are
formed. This is accomplished by squeezing the material between a pair of rollers.
However, due to variations in the materials and in the hydraulic supply, the thickness of
the finished product was found to vary. One method to maintain the thickness using
feedback control is suggested as shown in the following figure:
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In the above figure, the control valve can be modeled by the following approximation:
AP =K z - KAQ

where AP and AQ are the small change in pressure and flow about its operating point at
the outlet of the control valve; and z is the valve manipulated input. In addition, the plant
(squeezing roller and the slab) can be represented as a spring-mass system with damping.
Assume that the time delay between the squeezing roller and the sensing roller can be
neglected but the fluid inertia between the control valve and the cylinder is not negligible.

(1) Draw the complete block diagram of the thickness control system and determine the
corresponding closed-loop transfer function, Y(s5)/Y,(s).

(2) Determine the steady-state error of the system, if any, for a s'tep change in F.
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Problem 3

An experimentally determined magnitude part of Bode plot has the following charac-
teristics:
(1) an initial slope of -1 dB/decade.

(2) a break, up to 0 dB/decade slope, at w = 1 rad/sec, at which frequency the
magnitude is +2 dB, and

(3) a break, down to —1 db/decade, at w = 100 rad/sec.

(i) Sketch the straight-line approximation to the (magnitude part) Bode plot and the
phase part. Assume that the system is of minimum phase.

(ii) From the above plot, sketch the Nyquist plot. Label several points on the Bode
plot and Nyquist plot to show the equivalence.

(iii) Write the transfer function represented by this data.



