\
80 -] A 06 4 R L L F R

AR MEREIRELAL #B:a # & #

BBPRAMHIT TV,

V] memsam

ARME 3

() y(t)

I Plant —

FFigure |

(a) (5%) Tn the control system, we usually consider the Bounded-Input-Bounded-Output
(BIBO) stabilily. Please briefly explain what it is.

(b) (10%) Assume that you are given an unknown plant, as shown in Fig. L. Is it possible
to figure out, only depending on experiments, whether or not this plant is BIBO stable?
Wiy or why not? You can use an example to backup your explanations.

(¢} (10%) Assume that you know the dynamics (or transfer function) of this plant, can you

figure out if it is stable? If yes, how? If not, explain it. You can use an example to
backup your explanations.

2. Please answer the following problems based on Fig. 2.

N(s)
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where Gi(s) = %

Figure 2

(a) (5%) FFind the steady-state response due to a unit step disturbance N{s).

(b) (10%) Is it possible to eliminate the eflect of a unit step disturbance at steady state by
using a cascade integral compensator (G(s) = k;/s)? why or why not?

3. Please answer the following problems based on Figs. 3 and 4. Also, assume that the gain
cross-over frequency is 3.87.

(a) (9 %) How much is the gain margin and how much is the phase margin? Please give a
comment to the stability of this system.

(h) (12 %) Consider the phase-lead compensated system:

K(s/ws + 1
o) = Kot

Choose the parameters i w,wp, so that the gain cross-over frequency remains at 3.87
but the phase margin is near 50.
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Figure 3

Bode Diagram

- e gy e ey e g S T ————
t P v (A Ty Y ¥

e System: syn .
Frequency {rad’sec). 3.87
Magritude (dB): -0 0186

~ y .

T

Magnnuda (aB)
/
f

a0 T

Shasa (deq)
/

Systom syn
Frenuancy (radisec) J 87
. Phasa (deg) -178
Rt i et erceoR .
> N . )
o . [ 1 14 " i)
Frequancy (rad/suct

Iigure 4

4. Consider a time-invariant system:

0 1

T(l) = [__3 4

%m%?%m

(a) (9%) Is this system stable? Is this system completely controllable?

{b) (10%) Assume that the closed-loop system is implemented by constant-gain slate feed-
back, u(t) = —Kx(t), where K = [k, ko], so that the closed-loop poles move Lo ~5 4 55.
What are ky and ky?

5. Consider a pendulum system, shown in Fig. 5, whose dynamics can be wrilten as the following
equation of motion:

16 + gsin(f) M(t)/ml
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where m. denotes the mass of the pendulum, g denotes the gravitational acceleration, ! denotes
the length of the massless bar, M(1) denotes the applied moment, and 6 € [0,27) denotes
the angle between the pendulum and the downward vertical line. Please answer the following
cluestions:

) m
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Figure 5

(a) (2%) What are the equilibria in this system?

(b} (5%) Please linearize this pendulun system about a nominal angle § = f, and a nominal
applied moment M (1) = 0.

(c) (3%) Let 6y = n. Is this a stable system?

(d) (%) Let 2y = 0 and 3, = 6. Please wrile down the linearized equation of motion you
derived previously for 6y = 7 in the slate-space form.

() (5%) If § is what we concerned (i.e., the output), is this a completely observable system?




