40. Use Routh’s stability criterion to determine how many roots with positive
real parts the following eguations have.

(a) &%+ 857 +32:% + 505+ 100 = 0.
(b) &* +10s* + 3057 + 80s? + 3445 + 480 = 0.
(e) s*+ 257+ 72— 25+ 8=10.

Solution:

[al
st 487 +32:° + 80+ 100=10

Fal 1 32 100
R g 20
g 22 100
300
1 . _
g 100

—= Mo roots not in the LHP
)
5%+ 102* +30s° + 508° + 3442 + 480 =0

s 1 30 344
Fal 10 a0 480
& 22 206

5 —345 480

gt 400

2 - 480

— 2 roots not in the LHP.
(c)
#2427 T8 — 2+ 8 =0

There are roots in the RHP (not all coefficients are =0).

& 1 T &
57 2 — 32

g g

s —4

" g

— 2 roots not in the LHP.



42, The transfer function of a typical tape-drive system is given by

sl — Kis+4)
T e 0) (s - 1)(eF + 0.4 + 4]0

where time 13 measured in milliseconds. Using Routh's stability crite-
rion, determine the range of K for which this system is stable when the
characteristic equation is 1 + &is) = 0.

Solution:

1+G(s) =6 +105* +5157+ 627 + (2+ K)s+4K =0

58 1.0 3.1 2+ K
gt 1.0 6.2 4K
;o aq fa
g b 4K
st €1
s 4K
where
(1.9}(5.1)— (1) (6.2) (1.9)(24+ K)— (1} (4K .
B = = 49 _ig SIAt 'I=1,53T ﬂ.::L A ]JID LI -=2—-11K
{@1) (6.2) — {aq) (1.9]
b= S ) S 1138 (K +3.69)
1
o (bi)iaa) — (4K ) [a1) - (1.25K* +0.61K — §.26) _ — (KA +847) (K —0.78)
T by - 1.138 (K + 363) - 091 (K +3.63)
For stability:
1y = K+363>0= K > -363

(2} > 0= —-843 < K <078
(3)di > 0=K=0
Intersection of (1), (2), and (3} = 0 < K < 0.78

44, Modify the Routh criterion so that it applies to the case where all the

poles are to be to the left of —a when o = 0. Apply the modified test to
the polynomial

s+ 6+ K)s +(5+6K)s+5K =0,
finding these values of K for which all poles have a real part less than _q/p

Solution:

Let p = 5 + o and substitute 5 = p — o to obtain a polynomial in terms of
#. Apply the standard Routh test 1o the polynomial in p.

In our case, p=s+1/2. s=p-1/2. Substitute this in the polynomial to get

(p-1/2)"3+(6+K)(p-1/2)"2+(5+6K)(p-1/2)+5K=0



PA3: 1 -1/4+5K
PA2: 9/2+K -9/8+9K/4
PAL: 5K(K+4)/(9/2+K)

P~0: 18K/8-9/8

Hence K>1/2

12. Consider the second-order plant

1
GI.S:' = o aniE . an-
Y {s41)(Bs41)

(a) Determine the system type and error constant with respect to track-
ing polynomial reference inputs of the system for P, PD, and PID
controllers (as configured in Fig.4.2(b)) Let &, =19, &; = 0.3, and
ko =4.

Determine the system type and error constant of the system with
respect to disturbance inputs for each of the three regulators in part
ia] with respect to rejecting polynomial disturbances wi(t) at the
input to the plant.

=

(e)

[z this system better at tracking references or rejecting disturbances?
Explain your response briefly.

id) Verify your results for parts (a) and (b} using MATLAE by plot-
ting unit step and ramp respenses for both tracking and disturbance
rejection.

Solution:
la)] = P:

Y(s) kGls) 19
Ris)  1+k,Gls) 5s2+6:+120

1 1
Using the FVT, y.. = 30 and the steady-state error is g,0 = 30"
Type 0, Ky =%, =10
« PL: )
Yis)  Dis)G(s) 10 4+ 4=
R(s) 1+ D(s)G(s) 58 + 105+ 20
1 1
Using the FVT, g, = = and the steady-state erroris ,, = 30

Type 0, K, =k, =10
« FPID:
Y(s)  D(s)G(s) _ 8:2+385+10
R(s} 1+ D(s)G(s) 1023 + 2052 + 405 + 10

Using the FVT, 2. = 1 and the steady-state error is zero. Type
1, K, =k =03



¥i(s) _ G:'sj _ 1
Wis) ~ 1+k,G(s) 352 +6Bz+20

1
Using the FVT, y., = 20 Type 0K, =10

« PL:
¥Yi{s) Gis) _ 1

Wis) 1+ D(s)Gls) 5s2+ 105+ 20

Using the FVT, y,, = ql.;. Type 0, K, = 10

« PID:
Yis) Gls) _ 2s
Wis) ~ 1+D(s)G(s)  10s* + 2052 + 405+ 19
Using the FVT, y,, = 0 and the steady-state error to a step is
zero. Type 1, K, =023
d)clear all
t=0:0.01:20;
STEP=0nes(1,2001); %Step input
RAMP=t; %Ramp input
%Part (a)

%define Transfer Functions
num_a P=[561];
den_a_P=[5 6 20];

num_a PD=[56 1];

den_a PD=[5 10 20];
num_a PID=[10 12 2 0];
den_a PID=[10 20 40 19];

a_P=tf(num_a_P,den_a P);
a_PD=tf(num_a PD,den_a PD);
a_PID=tf(num_a_PID,den_a_PID);

Y%Part (b)

%define Transfer Functions
num_b P=1;

den_b P=[56 20];

num_b _PD=1,;

den_b PD=[5 10 20];
num_b_PID=[2 0];
den_b_PID=[10 20 40 19];

b_P=tf(hum_b_P,den_b_P);
b_PD=tf(num_b_PD,den_b _PD);
b_PID=tf(num_b_PID,den_b_PID);

%Simulation
asim_P=Isim(a_P,STEP,t);
asim_PD=lsim(a_PD,STEP,t);



asim_PID=Isim(a_PID,RAMPt);

bsim_P=Isim(b_P,STEP,t);
bsim_PD=Isim(b_PD,STEP,t);
bsim_PID=lIsim(b_PID,RAMP,t);

%Plots

figure(1)
plot(t,asim_P,'r't,asim_PD,'g',t,asim_PID,'b")
title('Errors to referrence’)

xlabel('Time(sec)")

ylabel('Amplitude")

legend('P with Step','PD with Step','PID with Ramp’)
grid

figure(2)
plot(t,bsim_P,'r',t,bsim_PD,'g',t,bsim_PID,'b")
title('Errors to disturbance")

xlabel('Time(sec)")

ylabel('Amplitude")

legend('P with Step','PD with Step','PID with Ramp")
grid
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