Problem 1

part a

The characteristic equation is

S+es+s+1=0

<52+1)—|—c<3+1) —0

So then
K=c
a(s) = s* +1
b(s) =s+1

Note that both a(s) and b(s) are monic polynomials.

part b
part i

The characteristic equation is

K

: G(s) + KpsG(s)

=0
s+ 1

1+ KpG(s) +

Note that this is not even a polynomial, so we first make it a polynomial, then extract Kp:
Ac(s) N K1Ac(s) sAc(s)

d(s) sd(s) Plrs+1)d(s)
<3d(s)(73 + 1)+ (s + 1)KpAsc(s) + (s + 1)K1Ac(3)> + Kp (32Ac(3)> =0

1+ Kp

So we have candidates for a(s) and b(s), but they aren’t monic, so to use Evans’ method
directly, we have to divide by 7 (to make the first polynomial monic) and A (to make the
second polynomial monic). Then

K= KDA/T
a(s) = sd(s)(s+1/7)+ Kp(s+ 1/7)Asc(s) + (s + 1/7) K Ac(s)
b(s) = s%c(s

Based on our assumption on G(s), both polynomials are monic



part ii
The characteristic equation is

K

?G(s) N KpsG(s)

1+ K
+ PG(S)+ 7s+1

Note that this is not even a polynomial, so we first make it a polynomial, then extract 7:

KpsG(s)

=0
7s+1

K
1+ KpG(s) + ?IG(S) +

(1+1)+ (t+ 1)KpG(s) + (T+1)K G(s) + KpsG(s) =0

Ac(s) Ac(s) KAc(s) KpsAc( ) KpAc(s) B
(”KP a(s) ° a0 ) T d(s) a5 T h g Y
7 (s%d(s) + KpAs®c(s) + K;Asc(s ) + (K1 Ac(s) + Kps*Ac(s) + KpAsc(s) + sd(s)) = 0
(SQd(S) + KpAs®c(s) + Ky Asc(s (s)) + % (KrAc(s) + Kps*Ac(s) + KpAsc(s) + sd(s)) =0
So then

-

b(s) = [Ac( )+ Kps?Ac(s) + KpAsc(s) + sd(s)

a(s) = s*d(s) + KpAs®c(s) + K;Asc(s)

Based on our assumption on G(s), both polynomials are monic. The reason we had to take
K = 1/7 is that the order of b must be less than or equal to the order of a.

Problem 2

part a

We know where the locus will be on the real axis; the break-in and break-out angles are
+90°.

Imaginary Axis
Imaginary Axis

Real Axis



part b
We know the locus will be left of the zero. Looking at the top pole, the departure angle is
roughly given by

45° —90° — ¢ = 180°
¢ =135°

Real Axis

part c

We know the locus will be left of the zero. The break-in and break-out angles are +90°.

Imaginary Axis
Imaginary Axis

-4 -2 0 2
Real Axis

part d
We know the locus will be between the two zeros, and between the two poles. The break-in
and break-out angles are +90°.
45° — 90° — ¢ = 180°
¢ = 135°



Real Axis

part e
We know the locus will be left of the real pole. Looking at the top pole, the departure
angle is roughly given by
—90° — 135° — ¢ = 180°
¢ = —45°

The asymptotic angles are 180°, 60°. The center of the asymptotes is at the average of
the poles, so on the real line, a bit left of the origin.

Imaginary Axis
Imaginary Axis

-10 -5 0 5
Real Axis



part f

We know the locus will be between the zero and the real pole. Looking at the top right
pole, the departure angle is roughly given by

0 — 180° — 90° — (—45)° — 45° — ¢ = 180°
¢ = —90°
So the poles move toward the real axis. One of the three closed-right-half-plane poles goes

to the zero, and the other two break out at £90°. The asymptotic angles are £45°, +135°.
The center of the asymptotes is roughly around the origin.

Real Axis

Problem 3

part a

_(0-1-5-10)-(-2-6)
“= 1-2 =

The poles at 0 and —1 approach each other and branch at £90°. There are two more poles
than zeros, so the asymptotic angles are +90°.

MATLAB:

s=tf(’s’);

P=(s+2)*x(s+6)/(s*x(s+1)*(s+5)*(s+10));

rlocus (P)

print -dpdf “/Dropbox/E105-Win2013/Assignments/assignment6-nick/solutions
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Imaginary Axis

-10F 4

~15F 4

-20+ 4

,25 L L L i L Il
-12 -10 -8 -6 -4 -2 0 2
Real Axis

part b

The two poles are at —3/2 + 3j. There are no zeros, so the center of the asymptote is
the average of the poles, which is —3/2. There are two poles, so the asymptotic angles are
+90°.

MATLAB:

s=tf(’s’);

P=1/(s"2+3*xs+10) ;

rlocus (P)

print -dpdf ~“/Dropbox/E105-Win2013/Assignments/assignment6-nick/solutions



Root Locus

15
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Imaginary Axis

—-10+ 4

,15 L L L L Il
-3 -2.5 -2 -1.5 -1 -0.5 0 0.5
Real Axis

part c

There are no zeros, so the center of the asymptote is the average of the poles, which is
—8/3. There are three poles, so the asymptotic angles are 180°, £60°. The set (0o, —8] is
on the locus, so we can infer that the pole at —8 goes to —oo. The poles at zero branch
with angles £90°.

MATLAB:

s=tf(’s’);

P=1/(s"2%(s+8));

rlocus (P)

print -dpdf “/Dropbox/E105-Win2013/Assignments/assignment6-nick/solutions
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15

part d
There are poles at 0, —10,1 £ j. The center of the asymptote is

0-10-(0+45)—-(0-Jj) - (=2)
4-1

= —-10/3

There are three more poles than zeros, so the asymptotic angles are 180°, £60°. The set
(00, —10] U [—2,0] is on the locus, so we can infer that the pole at —10 goes to —oo and
the pole at 0 goes to —2. The poles at zero branch with angles +90°. The departure angle
for first complex pole is

180° — £(—2— (=14 4) + Z(0— (14 4) + Z((1+ ) — A1+ 7)) + £(—=10 — (1 + j))
— 180° — 45° + 135° 4+ 90 + 6.34
=6.34

And for the other complex pole, it is —6.34.

MATLAB:

s=tf(’s’);

P=(s+2)/(s*(s+10)* (s~ 2+2%xs5+2) ) ;

rlocus (P)

print -dpdf ~“/Dropbox/E105-Win2013/Assignments/assignment6-nick/solutions
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Problem 4

part a

The characteristic equation is

The Routh array is

-25

L
-20 -15 -10 -5 0 5 10

Real Axis

2 4+28%2+10s + K

1 10
2 K
K—20
—2
-K

So the conditions for stability are K > 0 and K < 20.

part b

The root locus is

15



Root Locus
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Real Axis
s=tf(’s’);
P=(s+2)/(s*x(s+2)*(s"2+2xs+10)) ;
rlocus (P)

print -dpdf “/Dropbox/E105-Win2013/Assignments/assignment6-nick/solutions
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