Today (10/26/01)

 Today

— Walk through the lead filter design
exercise 10

— Nyquist plot
— Ref. 6.3
 Reading Assignment: 6.5



Lead Design Procedure

Given G(s):

Determine open loop gain K to meet low freq gain requirement
(KG(0)) and/or bandwidth requirement (BW KG(s) about Y2 of
desired closed loop BW). Gain crossover freq=w,,.

Evaluate PM of KG(s). Determine extra phase lead needed, set it to
f oo -

Determine a. Find the new gain crossover freq w,, KG(jwcgl):(\/a—l)
Let w, .= W, and solve for T.

Check PM, BW of G(s)K.4(S) and iterate if necessary.

Check all other specifications, and iterate design; add more lead
compensators if necessary.
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Lead Design Procedure

Given G(s)=1/(s*t+as):

 Determine open loop gain K to meet
bandwidth requirement (BW KG(s) about %2 of
desired closed loop BW). Gain crossover freq=w,.

Bode plot of Gis)
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Lead Design Procedure

 Evaluate PM of KG(s). Determine extra phase lead needed, set it to

(I’max '

hagnitude (dB)

Phaze (deg)

Bode Diagram
zm = Inf, Pm=25831 deg (at 50198 radizec)
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Target PM =60deg,
so we heed 35deg
from lead filter.
Add 5deg extra
pad.

f o = 40deg=.684rad
a =.225

extragain from lead filter atw

= (\/a_ ) =6.47dB
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Lead Design Procedure

« Determine o. Find the new gain crossover freq w,,

Bode Diagram
zm = Inf, Pm=25831 deg (at 50198 radizec)
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Lead Design Procedure

 Check PM, BW of G(s)K,..4(S) and iterate if necessary.

Bode Disgram Not quite meeting
zm = Inf, Pm=B65791 deg (at 7 6705 radizec) .
T — the spec, so iterate!

a0

Changef . =50 and
w, . =10rad/sec
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Lead Design Procedure

 Check PM, BW of G(s)K,..4(S) and iterate if necessary.

S04 Dibgg o More PM than we

zm = Inf, Pm=61.782 deg (at 10.811 radizec)
Lig ¢ T L R R 0 ) o 1 X | I A s B 1 |

a0

need, SO INCrease
thegain abit.

Overall lead filter:
S+3.72
K (s)=303.7
-1_23 Iead( ) S+ 2689
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Im s

Principle of Argument

s-plane

>

F(s)

JMF
G, = F(G)
( .
k ReF
F-plane
(Nyquist plane)

Let Z=# of zeros of F(s) enclosed by G, P=# of poles of F(s)
enclosed by G.

Then # of counterclockwise (CCW) encirclement of origin of
F-planeby F(G) = P-Z



Nyquist Stability Criterion

Choose: ? L(9) g

G encloses the entire right half complex plane
o F(s)=1+L(s)
Then
« Z=# of unstable zeros of 1+L(s)
=0 if the closed loop system is stable
« P =# of unstable poles of 1+L(S)
= # of open loop unstable poles (# of unstable poles in L(s))
From the Principle of Argument,
closed loop system is stable if and only if

# of CCW encirclement of the origin in the Nyquist plane by G,,, =
# of open loop unstable poles




Nyquist Stability Criterion

?—» k _’G(S) >

If L(s) =k G(s), then

closed loop system is stable if and only if

# of CCW encirclement of (-1/k,0) in the Nyquist plane
by G; = # of open loop unstable poles



Example

S+ 2
G(s) ==
s -1 ?—b kK [ G T
: jw + 2
G = _
(w) ~w?- 1 Whenw =-¥ ,G(jw)=0.
ReG(jw) = 2 : Whenw < 0,iImG(jw)> 0
Whenw » O,ReG(jw)® -2
ImG(jw) = - e > w > 0 case isthe mirror image
+wW
o D Closed loop is stable
. U -2<-l<00 k>l
03 k 2
. I . | Check:
num(1+ kG(s)) = > - 1+ k(s+2)
- MATLAB command:
j: nyqui st (G ;
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Gain/Phase Margins
flotien

Nominal value of a=1.

To evaluate the stability margin (how much a can vary),
check the Nyquist plot of GK:
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Imaginary Axis
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Example

S+ 2
-1

G(s) =

1

G(s) =
(8 S+ 25+ 2s+1

Nominal feedback gain k=1

Myguist Disgram
T T

max gain: 1/2=0.5=-6dB GM

Myquist Diagram
T T T

System: G2
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max gain: 1/.332=3.01=9.6dB GM



Zero on the imaginary axis

G(s) = S5+ 1) G(jw)® ¥ asw ® 0so Nyquist plot becomes unbounded.
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Imaginary Axis
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Zero on the imaginary axis
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Zero on the imaginary axis

1 1 & G
G(s) = >»—fors» 0 =N
s(s+1)° s \
G(r ejf)» r '1e' jf A \\
3p p \
f:—®p® — T .
2 " PE (s i
- c | I
e’ ji® -1® - .
J J r /
r® 0 //
- Sl o

20+

Imaginary &
o B W
T T 71

b

H

=l

=

E st
B Sl
5 o

220

A5

1 | 1 | | 1 1 | 1
-2 1.8 =16 -1.4 -1.2 -1 0.5 -06 -0.4 -0.2
Real Axis



G(s)

Systems with Z=P

For strictly proper loop gain L(s) (more polesthan zeros), we only
need to evaluate the Nyquist plot for s/je SinceL(s)®@ 0 aso® +¥.
When L(s) hasthe same# of polesand zeros, thisisno longer true.
In thiscase, write L(S) asa constant + strictly proper transfer
function. Plot the Nyquist plot of L(s) and shift the plot by the

constant.
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Exercise 11

Consider thelead filter K,..4(5)=300(s+4)/(s+30)
applied to the plant G(s)=1/s(st+a):

* Do the Nyquist plot of G(s) by hand and
comparewith the MATLAB generated Nyquist
plot.

e Usethe MATLAB generated Nyquist plot for
G(9)K|o4(S) to evaluate the gain and phase
margins. Compare with theresultsfrom using
the Bode plot.



