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. For the feed-forward (also known as two-degree of freedom) control structure of

lecture 2, establish the matrix of relationships among the independent and dependent
variables shown in the lecture notes.

Consider digital state variable feedback for the continuous system

X(t) = Ax(D) + Bu(t), y(t)=Cx()
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with A= B= C=[2 -35]
-02 -0.4 15

(a) Suggest a suitable range of time step h for use in digital control.
Fix h =0.2sec. Using the algorithm u(k) = K, r(k) — Kx(k) with
K=[25 -5], and K, =2, answer the following questions:

(b) What are the poles/eigenvalues of the closed-loop system?
(c) What are £ and @, for the dominant pair of second-order poles?
(d) If the system is stable, what is its phase margin, ¢ ?

(e) What is the closed-loop transfer function, T(z) between r(k) and y(k)?
(H IfK=[2.5 —a], sketch the root-locus of the closed-loop system poles as a
function of  for0 < a < x.

In problem 2 select K, so thatK j =oco. With this choice of K, what is K, ?

4. Establish the following relation for K, in terms of closed-loop poles and zeros:

5.
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Series compensation u(z) = H(z)e(z) will now be considered for Problem 2:
(a) Still using h = 0.2, what is é(z) for the open-loop system?
(b) If H(z) =B, =0.5, is the system stable? What are K ; and K, ? Sketch the root-
locus of the CL poles for S, >0, and show the poles for 3,=0.5.
(¢) Since K, # oo in the above, the addition of a small integral term to H(z) is

suggested, viz.,
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H(z)=0.5+
(2) 1-z71 z-1

What are K, and K, now?



(d) What is the phase margin, ¢, , for each of the above two choices of H(z) in (b) and

(c)? Explain the differences and discuss. If in case (¢), a time delay 7 is introduced
into the feedback loop, how large can 7 be before the system becomes unstable,
ie,whatis 7, ?

(e) If (1) = 2 sin 1.2¢, what's the magnitude of the s.s. error, |e(k)|, in case (c)?

(f) Simulate the time response for both of the cases (b) and (c) over the time interval
[0, 15] when X(0) =0, and r(t) is a unit step. Use NS =2. From the curves what is
the settling time t, and % overshoot. Do these numbers agree with what you expect

on the basis of the closed-loop pole locations?

6. Repeat the simulation for case (c) above, but introduce an uncompensated time-delay
with value 7, in the system. Is the system just on the verge of instability? Can you

find the values of the poles of the discrete closed-loop system for this case, i.e., the
poles of 1 +G(z2)H(2)?

7. Consider a first order system G(s) =1/ (10s+1) and a series compensator H(s)=k.

Assume unity feedback.
a. Discretize the system using 4=/ second
b. Find the least positive gain k so that the following are true:
1. Magnitude of steady-state error < 0.1 for unit step input when v=d=0.
ii. Magnitude of output < 0.1 for all d(?) such that ||d||>< 1 when r=v=0.

8. Show that any SVFB system Xx(k +1) = ®x(k) + T'u(k), y(k) = Cx(k),
u(k) = K, r(k) — Kx(k) can be viewed as an equivalent feedback compensation design
with
u(z) =K, r(z) - Hg (2)y(2)
such that "both designs" have the same closed-loop transfer function. What is H (2)
in terms of ®,T,K,C ? In the above problem 2(a) what is H, (z) ?



