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Example of locus of roots. Suppose open loop system is

1
(s+1)(0.5s+1)(025:s+ 1)

H (s) =

How large can we make the gain A in the closed loop system?

Aoy

AH(s) _ A
+AH(s) ((s+1)(055+1)(025s5+1)+A)

Closed loop transfer function is H(s)= :

Our concern is the location of the poles of H(s); that is, the roots of the denominator. Mathcad
symbolics gives the polynomial coefficients of the denominator

(s+1)(0.55+1)(025s+1)+A as v(A)=(1+A 175 0875 0.125)

so that pole locations are  poles(A) := | pepolyroots(v(A)) " this just sorts the
p' < augment(p,Im(p)) roots so they don't
pv - CSOl't(p' , 1) swap pOSlthllS
submatrix(p',0,2,0,0)
. . <i>
i=0..14 A= 1(i+1) p = poles(Ai> k:i=0.2
‘ 5
Im(py ;) %
lm<p ) POEr3— , It looks as though
WS Jeithal ) 0 A=10 or so is the limit.
m(p, ; . -
-3¢ (Actual limit is
A=11.25)
-5
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(ﬂ ¢ 7' 7
Example of gain and phase margins. Consider the open loop transfer function

1
(s+1)(0.5s+1)(0.25-s+ 1) G(s,A) = A-H y(s)

H (s) =

Plot the open loop frequency response. Asymptotic Bode diagrams (the approximate sketch
method) are appropriate for pencil and paper work. I'll do it by computer.

dB(x) = if(x>10"14,10-log(x),-140)  nat(x) = 10>

ph(a) := :-l-gg-angle(Re(a),-Im(a)) ® :=0.02,0.04..10
, T

The first plot will be with A := 11.25 the value we previously determined to be the limit

20 | T ! =
3.65
. 0
0 AU U PR PR s
-20 & I 1 | For this choice of A, the gain
0.01 0.1 1 10 and phase crossover
frequencies are identical,
showing that the system is just
- unstable.
! H
3.66
~100 [ L
£80
-200 |- N\
L | :

0.01 0.1 1 10



Next try a more cautious design, with A :=6
l l -
2.73.66
L S 5.04
| |
0.01 0.1 1 10
L Do
2.78.66
~100 |- B
L 158
"""""""""""""""""""""""""""""""""" X180
] I
0.01 0.1 1 10

gain margin 5 dB

phase margin 22 degrees

Since the choice of A simply shifts the magnitude plot up and down, it is relatively simple to
calculate how the gain and phase margins depend on A.

Co. 1.8



