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9. Consider the system shown in Fig. 4.33. Show that the system is type 1
and compute the K,.

+ K(as + b)
s(s + 1)

Figure 4.33: Control system for Problem 9

Solution:

The system has unity feedback with one pole at s = 0 and is thus Type 1
with K, = lir%sG(s) = Kb.
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23. A position control system has the closed-loop transfer function (meter/meter)
given by
Y(S) bQS + b1
R(s) s2+4ais+as

(a) Choose the parameters (a1, ag, bo, b1) so that the following specifica-
tions are satisfied simultaneously:
i. The rise time ¢, < 0.1 sec.
ii. The overshoot M, < 20%.
iii. The settling time t; < 0.5 sec.
iv. The steady-state error to a step reference is zero.
v. The steady-state error to a ramp reference input of 0.1 m/sec. is
not more than 1 mm.

(b) Verify your answer via MATLAB simulation.

Solution:
(a)
s s
— +1 1
Y_ bos + by —bil bl/bo _ 5 acwn‘i’
R_52+a13+a2_a2'( s ar s B s 2(s

Vi)

Comparing to standard form:

wn =z, ¢ =

+ . +1 22 4 262
RN (wn) +—wn +1

ay 2b1

o =
2,/(12 ’ a1b0

i. t. <0.1 sec
1.
:>w"2£ :>61:a22182
ii. M, <0.20 and from Chapter 3,

a>2 for(=05

a>07 for(=0.7
iii. t5 < 0.5 sec
4.6
— a:(wnzt— = a1 > 184

S

b b

_ 0S + 01 R(s)
s+ a1s + as

32+(a1—b0)s+(a2—b1)7;0

(s + a1s + a9) s

E(s) = R(s) = Y(s) = (1 -

=0

ess(step) = i%s
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2 —b 1 —b
ess(ramp) = lim sw X 01 = ().1u < 0.001
s—0 82 +ai18+ as 52 as
= a1 — b, <0.0lay
(b) A solution :
as =324 b =324 satisfies (i) and (iv)

(=07 = a1 =2(/az = 25.7 satisfies (iii)

by = 22.5 satisfies (v) by > 21.96

2 % 324
Check (b): @ = o505

more iterations would be needed.

=1.12> 1.1 . If (b) were not satisfied

Amplitude
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36. Consider the system shown in Fig. 4.52, which consists of a prefilter and
a unity feedback system.

Ks+1| + A
s+a s(rs + 1)

R O0—

Figure 4.52: Unity feedback system with prefilter for Problem 36

(a) Determine the transfer function from R to Y.
(b) Determine the steady-state error due to a step input.

(c) Discuss the effect of different values of (K,,a) on the system’s re-
sponse.

(d) For each of the following three cases,
M A=1,7=1, 20A=10,7=1, (3)A=1, 7=2,
use MATLAB to find values for K, and a so that (if possible)

i. the rise time is less than 1.5 sec.,

ii. the overshoot is less than 20%, ,

iii. the settling time is less than 10 sec. and

iv. the steady-state error is less than 5%.
In cases where the specifications are easily met, try to make the rise
time as small as possible. If the specifications cannot be met, find
the design to meet as many of the specifications as possible, in the
order given.

Solution:

v — A B A (Krs +1 -
s(rs+1) s(rs+1)" s+a
or
A _ A(K,s+1)
(1+ s(ts+1) )Y = s(s+a)(ts+1)

_ A(K,s41) s(ts+1)
Cs(sta)(rs+1)s(rs+1)+ A
A(K,s+1) AK,s+ A

(s+a) [S(Ts+1)+A]R_ 783 + (1 + a1)s? +(a+A)s+AaR
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(00) = I AK,s+ A
= lim s— =-
YLoo SH088T83+(1+CL’7')S2+(Q+A)S+Aa a

€ss,step — a -1=

(¢) K, determines the prefilter zero location and can have a significant
effect on overshoot. The prefilter pole location a will affect the speed
of the transient response and the size of the steady-state error to a
step.

e i. A=17=1:K,=11,a =1 yields t,. = 1.51 sec, M, =
18%, ts = 9 sec.

ii. A=10,7=1: K, = 0.555, a = 1 yields response well within
specs, with min. rise time of 0.53 sec.

iii. A=1,7 = 2: specs cannot be met. K, = 0.1,a = 1 results
in 23% overshoot and t, = 17 sec and ¢, = 2.4 sec.

See the following step responses.
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