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1. (20%) A closed-loop motor speed control system is shown in Figure 1. A cascade amplifier, 4,, is used
to adjust the transient response and a tachometer, &, is utilized to feedback a voltage proportional to
the speed.
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N o (s)

b. Find the step response, a(¢), to a step input command, R(/)=E.

c. It is desired to set the time constant of the closed-loop speed control system to be 0.1Sec. Choose an

appropriate amplifier gain k,, if the gain of the tachometer is k~0.18 Volt Sec/rad.

a. Derive the‘cloAsed-lo:op transfer function, , of the motor speed control system;

SN
k,

Figure 1 Closed-loop motor speed control

2. (20%) Consider the closed-loop control system of Figure 2, where the loop transfer function is
expressed as

G(s)=—1—
s+1

a. Derive the closed-loop transfer function, %((—% , by using Mason’s signal-flow gain formula.
s

b. Select an appropriate gain k, and a parameter 7 to retain a percent overshoot (P.O.) to be less than
3% and keep the settling time (75) to within 2% of the final value is less than 0.25 sec.
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Figure 2 Closed-loop control system
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(20%) Consider the closed-loop control system shown in Figure 3, if the loop transfer functions of the

system are expressed as

G(s)=—————l—(——— , H(s)=1

(s+2)(1+w)
a. Utilize the Routh-Hurwitz criterion to determine the regions of k and 7 for the system to be stable;
b. Select k such that the steady-state error to a step input is less than or equal to 25% of the input

magnitude 4, if >0 and the step input is R(s) = 4
s
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Figure 3 Closed-loop control system
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(20%) Consider the closed-loop control system of Figure 3, where
G(s)H(s) = K
s(s+2)(s+5)
Locate the root loci when K=0 and K=
Find the center and angles of the asymptotes for the root loci as K approaches infinity;

Compute the breakaway point;
Determine the point at which the locus crosses the imaginary axis, using the Routh-Hurwitz

criterion,
e. Complete the root locus plot approximately.
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(20%) Consider the closed-loop control system of Figure 3, where
Y(s) _ S0(s —-2)
R(S) (s+1)(s® +125+25)

Sketch the Bode diagram of frequency responses for the system.




