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1. (10%) Consider the cruise control system as shown in Figure 1 below, where v is the speed
of the car, v, is the desired speed (a constant), disturbance b is the road slope. Assume the

plant dynamics with disturbance is
dv(l)
dr -

|
=0 02v([) =u(t)—10b

where the disturbance (the road slope) b - is a constant. We further assumed thata P/

controller:: .+ % i i
u(ty=u, + K, e(t)+ K, Le(r)dr

is adopted for the speed regulation. Definee(r) =v, —v(t). Choose K, and K, such that the
dynamics of the error SJgnal e(r) has a dampmg ratio £ =0.8 and undamped natural

frequency o, = 0. 1o ‘ G e _ |
i ! ‘
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Figure 1
2. (25%) Consider Ihe"fee‘dback system shown in Figure 2, with Ps)= ~ Note that the
R N T S < .S'—)

plant is open-loop unstable. .
(a). Plot the root loci to determine whether the system can be stabilized by proportional
. .contra), C(s)=K, (5%), .
(b). Could the unstable pole of P(s) be cancelled by a zero of C(s) to stabilize the system?

Why? (%)

K(s+1)
s+4

(c). Now;, choose alég)'rhpvéllrsator C(.s')' = . Could the unstable plant be stabilized by the

compensator? Provide your justification by sketching the root loci in detail. How does the

compensator affect the transient and steady-state behavior? (15%)

r e > Compensator u Plant YL
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- C(s) P(s)
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o Figure 2
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3. (15%) The transfer function of a first order dynamical system is given by

T6) _ sy =K
R(s) Ts+1

(a). Find the impulse response to an impulse of strength A. (5%)
{b). Find the step response to a siep of strength A. (3%)
(c). Find the response to sinusoidal signal Asinor . (5%)

Identify the steady-state and transient components of the response in each case.

4. (25%) A cascade system is shown in Figure 3 below.

. r u
—»| G |—» 6

Figure 3.

Assume the dynamics of the systems G, and G, are

G, -——d“([) +u(t)= drit) —r(t)
dt dr
G, d)—)([l—y(l);u(/)
) dt

(a). Find the transfer function of system G (s). Is it stable? (3%)

(b). Find the transfer function df system G, (s). Is it stable? (2%)

(c). Find the transfer function of the cascaded system G, G, (5). Find the pole(s) and zero(s) of
the system. (5%)

(d). Find a state-space realization of the cascaded system G,G, (5). (10%)

(e). Assume G,(s) is the plant to be controlled, and G, (s) is the selected compensator.

Does the cascaded system make sense to you? Explain your answer in detail. (3%)

5. (10%) A linear time-invariant system is described by the following state equation.
| X(1) = Ax{t)+ Bult)
where
0 1 0 0
4=10 1 ; B=10
0 -2 -l 1

(a). Is the open loop system stable? Why? (3%)

(b). Assume the closed-loop system is implemented by constant gain state feedback. so that
u(ty=—-Kx(t), where K= [k, k, k;]- Determine the constraints on the elements of the

control gain K so that the closed-loop system is asymptotically stable. (7%)
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6. (15%) Nyquist plots.
(a). The Nyquist plot of the loop transfer function of a unity-feedback system is shown in

Figure 4 below. Determine (roughly) the gain margin and ‘phase margin of the system. (You
need to show how to obtain these margins). (5%)

yquist Cragram

w

imaginary Axis
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Figure 4.

(b). Give an example of Nyquist plot with poor phase margin and infinite gain margin. (Sketch
a Nyquist plot and explain it). (5%)

(c). Give an example of Nyquist plot with poor gain margin and infinite phase margin. (Sketch
a Nyquist plot and explain it). (5%)




