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(1) (25 points) Consider the system of Fig. 1, where £ and k, >0. (@) Determine the allowable range of k, so that
the steady-state error e, <0.02 for D(s)=0,R(s) =1/s, where e(r)=r(t)—y(t). (b) Based on the result of part (a),

determine the range of k, so that the closed-loop system is stable. (¢) Find the minimum steady-state error for

R(s)=0,D(s)=1/s>.
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(2) (25 points) Consider the first order system G(s) =

The system signals are: input u(z) , output ¥(?) , reference 7(7) , load disturbance d(7) and error signal e(?)

(a) Sketch a block diagram for a simple proportional compensator control architecture with compensator gain K.
Mark each of the system signals at the relevant points in the block diagram.

(b) Compute the sensitivity function for the system. That is the transfer function from reference 7(¢) to error signal

e(?) of the closed-loop system.

(¢) Compute the minimum bound on the compensator gain K that guarantees the relative tracking error to a step

input is less than 1%.
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(d) Compute the transfer function from load disturbance d(f) to output y(?) .
(e) Compute the minimum bound on the compensator gain K that guarantees better than a relative 5% disturbance
rejection to a step disturbance.
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(3) (10 points) The open-loop transfer function G(s) of a unit feedback system is as follows:
K

s(1+0.25)(1 + 0.055)

G(s) =

(o) Find the gain K so that the system’s gain margin equals to 20 dB.

(b) Find the gain X so that the system’s phase margin equals to 40°.
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(4) (15 points) Sketch the polar plots of the following closed-loop transfer functions GH(s), and determine the stable
range of gain K using the Nyquist criterion.
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