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ES.2 The engine, body, and tires of a racing vehicle affect

E5.18 A second-order system has the closed-loop trans-

the acceleration and speed attainable [11]. The speed
control of the car is represented by the model shown
in Figure E5.2. (a) Calculate the steady-state error of

the car to a step command in speed. (b) Calculate

overshoot of the speed to a step command.
Answer: (a) e, = A/11; (b) P.O. = 33%

Engine and tires

100

R(s) +

o HES)

Speed
command =

(s +2)s+5)

FIGURE E5.2 Racing car speed control.

" Speed

ES.5 Consider the feedback system in Figure ES.S. Find
K such that the closed-loop system minimizes the

ITAE performance criterion for a step input.

Controller Process
+ K 1
R(s = B
& . s(s + 4) ()
FIGURE E5.5
Feedback system controller
with proportional Gels) =
ES.17 A system is shown in Figure E5.17(a). The response

to a unit step, when K =1,

is shown in Figure

ES.17(b). Determine the value of K so that the steady-

state error is equal to zero.

Answer: K = 1.25.
+
Ris) —»| K —»%—» G(s) > V(s
¥
A (@)
)| IR L e o e
08 f————f————= e T
0 > 1
0 (b)

fer function

Y(s) _ @) _ 7

T(s A
() = R(S) s+ 2lw,s + w2 s+ 31755 + 7

(a) Determine the percent overshoot P.O., the time
to peak 7,, and the settling time T; of the unit step
response, R(s) = 1/s. To compute the settling
time, use a 2% criterion.

(b) Obtain the system response to a unit step and ver-
ify the results in part (a).

AP5.1 A closed-loop transfer function is

Y (s) _
R(s)

96(s + 3)

= (s + 8)(s2 + 85 + 36)

(a) Determine the steady-state error for a unit step
input R(s) = 1/s.

(b) Assume that the complex poles dominate, and
determine the overshoot and settling time to
within 2% of the final value.,

(c) Plot the actual system response, and compare it
with the estimates of part (b).

E54 A feedback system with negative unity feedback has
a loop transfer function
AOE 7 G‘_Z(‘r:&S)
(s) = G(5)G(s) = b w4y

(a) Determine the closed-loop transfer function
T'(s) = Y(s)/R(s). (b) Find the time response, y(¢),
for a step input r(1) = A fort > 0. (¢) Using Figure
5.13(a), determine the overshoot of the response.
(d) Using the final-value theorem, determine the
steady-state value of y(r).

Answer: (b) y(1) = 1 = 1.07e ¥ sin( V71 + 1.2)

E6.1 A system has a characteristic equation s* + Ks® +
(1 + K)s + 6 = 0. Determine the range of X for a
stable system.

Answer: K > 2
E6.5 A unity feedback system has a loop transfer function

K
(s + 1)(s + 3)s + 6)

where K = 20. Find the roots of the closed-loop sys-
tem’s characteristic equation.

s

L(s) =
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