24 For the unity feedback system shown in Fig. 3.59, specity the gain K of
the proportional controller so that the output y(¢) has an overshoot of no
more than 10% in response to a unit step.

Solution:
Y(s) K W2
R(s) 2+ 24+ K 82+ wns 4wl
Wy = vf
. 2 1
{ = o = ﬁ (1)

In order to have an overshoot of no more than 10%:

M, = e ™VI=F 2 010
Solving for ¢ :

Figure 3.60: Unity feedback system for Problem 3.25

[ (InM,)?

= | —— = (.501
T\ P (i) T
Using (1) and the solution for ¢:
1
K== <286
B

S 0< K <286



25. For the unity feedback system shown in Fig. 3.60. specify the gain and
pole location of the compensator so that the overall closed-loop response
to a unit-step input has an overshoot of no more than 23%, and a 1%
settling time of no more than 0.1 sec. Verify your design using MATLAE.

Solution:

Y(s) 100K 100K

R(s) s+ (25+a)s+25a+ 100K 32 + 20w, s+ w?

Uszing the given information:

. 1 .
R(s) = = unit step
s
M, = 23%
tiy = 0.1sec
Solve tor C :
M, = e—TC/V1-C2
. [ (InA)?
| ———— = 04037
: | 7T+ Mg)E =
Solve for wy.
e~ wnts = (.01 For a 1% settling time

Now find a and K :

Ww, =(25+a)
o=20w, —23=0210-25=67.10
wi = (25a 4+ 100K)
w2 — 25a

=T =~ 113.34
K 100
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The step response of the system using MATLAB 1= shown below.

Step Response

. i i i i i

a 0.0z 0.04 0.08 0.08 0.1 0.1z
Time (sac)

Step Response for Problem 3.23

40. Use Routh’s stability criterion to determine how many roots with positive
real parts the following equations have.
(a) 5* 4+ 857+ 325 + 805+ 100 =0.
(b) 3" +10s* + 305% + 8057 + 3445+ 480 = 0.
(c) s* 1251757 — 254+ 8=0.
(d) F L2 LW 78 =0

(e) s* 627 L25=0.
Solution:

¢
(a)

s*+ 8% +32: + 805+ 100 =0



st 1 32 100

P 8 80
57 22 100
200
st 850 — >3 =436
P 100
78
— No roots not in the LHP g

(c)

sRRBaR
O NN

4 3 2 o
s +27+757 —2:+8=0 There are two sign changesin the first

) ) _ column of the Routh array. Therefore,
There are roots in the RHP (not all coefficients are 0] there are two roots not in the LHP

(d) The Routh array iz,

57 1 20
s 1 78
5! —a8

s° fit=)

There are two sign changes in the first column of the Routh array.
Therefore. there are two roots not in the LHP.

|ie:|

afs)=s"+6:7+25=0

Two coefficients are missing so there are roots outside the LHP.

dais)
Create a new row by ‘:;:
st 1 6 25
]
85 4 12 — NEW TOW
st - 3 25

100
Sl : IQ—T:—EIE

& - 25

= 2 roots not in the LHP
checl:
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s4 :  1  7  8
s3 :  2 -2
s2 :  8  8
s1 : -4
s0 :  8
There are two sign changes in the first column of the Routh array. Therefore, there are two roots not in the LHP


a(s) = 0= s>=_3+4j=5el7=092)

s = +/5ellFE0A8) T n=0.1
a1m(s)
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Problem 3.40: splane pole locations

43. Consider the system shown in Fig. 3.69.

(a) Compute the closed-loop characteristic equation.

(b) For what values of (T, 4) is the system stable? Hint: An approximate
answer may be found using

or
T
_1.-35‘1—?.5‘
- T
1+?S

for the pure delay. As an alternative. you could use the computer
MATLAE (Simulink) to simulate the system or to find the roots of
the system’s characteristic equation for various values of T and A.

Solution:
(a) The characteristic equation is,
s(es+1)+ Ae” 77 =10
(b) Using e=T° 21— T's, the characteristic equation is,

F+(1-TA)s+A=0



The Routh’s array 1s,

P 1 A
st 1—-TA 0
5° A

For stability we must have 4 = 0 and T4 < 1.

- . _ (1—ez) P . .
Using e~ T = ??; the characteristic equation 1s,
1+Za)

. 2 2 2
S+ (1+ ?]52 +(F-A)s+=4=0
The Routh’s array is,
2
3 1 — — A
8 ['T I
. 2. 24
2 i1 = -
8 + T"l T
5l (1+ %]_':% — ) — % 0
(1+=)
24
u —
3 =

For stability we must have all the coefficients in the first column he
positive.

The following Simulink diagram simulates the system.

. .@ .|+ (]

Transpon Transker Fen Scope

Problem 3.43: Simulink simulation diagram



44, Modity the Routh eriterion so that it applies to the casze where all the
poles are to be to the left of —a when a = 0. Apply the modified test to
the polynomial

4 (6+ K)s*+ (5+6K)s+3K =0,

finding those values of K for which all poles have a real part less than —1.
Solution:

Let p = s + @ and substitute s = p — a to obtain a polynomial in terms of
p. Apply the standard Routh test to the polynomial in p.

For the example p=35+10or s =p—1. Substitute this in the polynomial,
-1 +(6+K)(p—17+(5+6K)(p—1)+5K =0
or

P+EB+K)pP+ 4K —4)p =0

The Routh's array 1s,

¢ 1 1K —4

»e 3+ K 0

oo 4K-4 0
Pu 0

Not all the first rows are greater than 0. So for any K it's impossible that all the poles are to be the
left of -1.
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Not all the first rows are greater than 0. So for any K, it's impossible that all the poles are to be the left of -1.
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