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1. Figure 1 shows the block diagram of a closed-loop control system, where

G(s) = 1 . H(s)=1

(s+1)(s+2)(s* +4s+8)

(a) Write the characteristic equation as 1+Kp(s)=0; (4 %)

(b) Locate the root loci when K=0 and k=00 ; (4 %)

(c) Locate the segments of the real axis that are root loci and determine the number of separate
loci, SL; (5 %)

(d) Find the center and angles of the asymptotes for the root loci as K approaches infinity;
4 %)

(e) Determine the point at which the locus crosses the imaginary axis, using the
Routh-Hurwitz criterion; (5 %)

(f) Prove that the breakaway point on the real axis is located at s=-1.4691; (4 4-)

(g) Determine the angles of departure of the locus from the poles using the phase angle
criterion; (4 %)

(h) Complete the root locus plot approximately. (5 %)
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Figure 1 Closed-loop control system

2. A control system has the transfer function 7(s),
_Y(s) 1
R(s) 5% 41052 +31s+30

where R(s) and Y(s) are the input and outpﬁt, respectively. We express the system in a phase-
variable model with the following matrix differential equation,

)&1 0 1 0 X1 b] .

Xy |=| 0 0 L xy [+] by r(2)
X3 —ay —a; —ay | x3 by

X
y(t)-—:[co ¢ ) xp

Y3

In the equation, xi, x,, and x; are the phase variables. r(f) and y(t) are the input and output in
time-domain. Please find the coefficients ao, 1, a2, bo, by, by, ¢, 1, and cy. (15 %)

LRGECER:$

SR 32



RILKE 101 5 A L8 4 # R RA

2] MR EIREA BB B ¥ H
FHAM 2 A2 B(E]ME) F2H ARMAWAM 2

3. Aprocess for an electric motor is shown as Figure 2. Please answer the following questions.

(a) Find the process transfer function G(s) = %)-(%2 for the motor process; (10 %)
(b) Determine the transfer function of the output to a disturbance, (s) , where T(s) is the

Td (S)
disturbance; (5 %) ,

(c) A speed control is applied to the motor process to form a closed-loop control system as
shown in Figure 3. Where K, is a proportional control and %, is the transfer function of a
sensor which is utilized to feedback the speed. Calculate the closed-loop transfer function,
a(s)
R(s)’

(d) For the closed-loop control system described in Question (c), using the final-value theorem

to find the steady-state error ey, if the input is a unit-step function, R(@#)=1. The error is

defined as e(t)=R(£)-aX?). (5 %")

of the motor speed control system; (5 %)
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Figure 2 Motor process transfer function G(s)

proportional control Motor process

R(s) + w(s) G(s) 0)(;9)
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Figure 3 Closed-loop motor speed control

4. Aclosed-loop control system is shown in Figure 4, where
Y(s) 20(s +4)

R(s)  (s+2)(s% +165+25)
Please draw the Bode diagram of frequency responses for the system. (25 4%)
R Y(s)
(s) -

H(s) |a—

Figure 4 Closed-loop control system
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