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1. (20%) #HE 4T 514 M @42 % ey BIA:
(a) 3 A B X R MBI AT eI R A St 25 T 8 @4 (negative
feedback) ° (5%)
(D) FRARA DB EHNAAY = EEEEaHRAE? (%)
(c) 1738 B 4% % #i(feedback system)Z AR 35 (root locus)? (5%)
(d)47%§ " nonminimum-phase system ; ? H4T4EH ? (5%)

2. 30%)E AT 71 E WM& & & 4o AR
(a) #TE8 % & % 4 G(s)#d A K (band width)? (5%)
(b) 4T3 & K& & & G(s)&) Bk f¥r 4 /& & $(impulse response
function)? #RAEHHREHG EL - (10%)
(c) et —18 2 %% 8 & (high-pass filter)3F M 69 8 & & Se3A $
BRE (R OERME) - (5%) |
(d) FRH BT E R H T4 £ 6934 & $(transfer function) G(s)
R A ERRITE? (%)
(e) TERBEEHEL L » A —EH PPN R BER ? LA
B RBERAH7) (%)
G(s)=1/(s+1) H(s)=1/(s+10)

3. (25%) Consider the two-tank liquid-level system shown in Figure 1
below. The two tanks are identical and the tank cross-sectional area is A.

- Water enters the first tank from the top and exists through the valve in
the bottom of the second tank. The volume flow rates at the valve inlet
of the first tank is @Q;, and the volume flow rate at the valve outlet of
the third tank is Q,y;. The valve resistances are denoted by R,,and R,
the fluid capacitances are denoted by C; and C;, and the fluid
inductance/inertance is denoted by I. (The fluid capacitance is defined as
the ratio of the fluid flow rate to the change rate of pressure.) The density
of water, p, is constant. The fluid heights in the two tanks are, h,, and

Qout
Figure 1 Two-tank liquid-level system A.

Qout

Figure 2 Two-tank liquid-level system B.

LA E




a3k 233
#8 :ZEHAR&HEA)
kT

B EMAE 106 2EEATHERELSARE
Mk 233

# & Ax® Q X

(a) What are the energy storage element(s) of the system shown in
Figure 1?7 (3%)

(b) What are the damping element(s) of the system shown in Flgure
1?7 (3%)

(¢) Draw a sketch of the electrical circuit, which is analogous to the
two-tank liquid-level system shown in Figure 1. (Systems
described by the same mathematical model are called analogous
systems.) (7%)

(d)Is the system shown in Figure 2 analogous to the system shown
in Figure 1? Please explain your answer. (7%)

(e) Suppose that the inertance of the system shown in Figure 2 can
be neglected. What is the minimum dimension of the state
transition matrix of the system? (5%)

4. (25%) Please answer the following questions:

(a) Compared with the Routh-Hurwitz criterion, what are the

features of the Nyquist criterion regarding the analysis of stability of
control systems? Please describe at least three features. (5%)

(b) Figure 3 shows the Bode diagram of an unknown system, whose
transfer function is G, (s). Determine the transfer function G;(s)
and sketch the impulse response of G, (s). (10%)

(c) Figure 4 shows the Bode diagram of an unknown system, G,(s).
Suppose that the loop transfer function of the closed-loop system is
L(s) = K - G,(s). Determine the range of value of K for the closed-
loop system to be stable. (5%)

(d) Continue from (c). Suppose that G,(s) is compensated by a
controller, C(s) = K(1 + Tys). Prove that the relative stability of
the closed-loop system can be improved with an appropriate choice
of Ty value. (Hint: Show that the Gain margin can be increased by
using the controller C(s).) (5%)
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