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Q1. The differential equation ¥ + y = 2V, — 2V, + W represents the

relationship shown in below block diagram. Assume ¥V, is computed by using the

control low UV, = k € where e =7 — Y
w

|

G.(5)

k

4 v -
R — .f... D(s) - G (s) ——-é)_-- G,() | Y
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Figure 1

(a) k is a variable (0-> infinity). Draw the Root Locus. (5 pts)

(b) For the case of k=1, draw the Nyquist plot of D(5)Ga(s)G(s). (5 pts)

(c¢) Use Nyquist criterion (Z=N+P) to decide the closed-loop system stability of case
(b) (10 pts)
(Notes: (b) must be correct and you need to give the values of N, Z, P to get points
for (c)!)

(d) What is the Gain Margin (G.M.) of case (b)? (5 pts)
(e) What is the Phase Margin(P.M.) of case (b)? (Notes: —180° < P.M.<180°) (5 pts)
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Q2. The differential equations
y(t)=0 t<2
y(t) =2v,(t—2) +w(®) t=2

represent the relationship shown in below block diagram.

Hint: For answering the following (a) and (b), you must use Padé approximant for
delay of T seconds:

~Ts

e = Ts
1+—
2
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Figure 2

Assume V4 is computed by using the control low V.(s) = D(s) E(s)

(a) Design a controller D(s)=K (s+2)/(s+p) to approach a Phase Margin of 40 degrees
with the gain crossover frequency at 1 rad/s. What are (X, p, z)? (15 pts)

(b) What is the steady-state error of (r(f)-y(#)) responding to unit ramp input on R(s) for
controller case shown in (a)? (5pts)
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Q3. Consider the circuit of Figure 3.

(a) Using i(t) as the input and v(t) as the output, write the state equations and
output equation with the voltages in the capacitors (vy(t), v,(t)) as the state
variables. (5 pts) Find the transfer function ¥{(s)/I(s) for this circuit. (5 pts)

(b) Examine the controllability and observability for the cases C; # C, and C; = C,.
Provide physical explanation if uncontrollability and/or unobservability exist. (10
pts)

(c) Show that C; = C, reduces the transfer function V(s)/I(s) to first order. (5 pts)

+

o <T> v(t) 1 § R

Figure 3
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Q4. Consider a plant with input u(t), input disturbance d(t), and output y(t) as
shown in Figure 4.

d(t)
i 2
u(t) _;U S+ 2 — Y (t)

A 4

Figure 4-
(a) Assume that the disturbance is constant but unknown (i.e. d = 0). Using [()i’] as

the state vector and u(t) as the input, derive the state equation and output equation
of the system. (5 pts)
(b) Using the results in (a), build a full-order observer that generates estimates for y and
d. The observer polynomial should be chosen as E(s) = s2 + 16s + 64. (7 pts)
(c) Use the results in (b) to implement state-estimate feedback control in the form
u(t) = =k, 9(t) — d(t)
where $(t) and d(t) are the estimates from the observer. Determine the
numerical value for k; so that the closed-loop poles are located at -4 and -8, -8.

What is the controller’s transfer function %‘? (13 pts)



