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Feedback loop stability
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We want to know whethek., s( )
has any poles in the right half of theolane

Key point 1:poles ofA., 4 ) are zerosbf9 =1 +A, (36( $
Key point 2: zeros ofpA,, q ) are polesbfg =1 +A (96( $



Walking around the S-plane (1)
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We have a variable . We have a functke(s).
First: the trivial functiork ¢ ¥ s

If we move the poins around tlee  plane,
The pointF 6 ) moves in an identical trejery (of course



Walking around the S-plane (2): a zero

Now consider a zerd- s(9s -S
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If we move the poins once in a clockwisircle around the zero,
then the poinE € ) moves in one clockw@ecle around the origil




Walking around the S-plane (2): angles
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Given thatr § = s -5 , the angle of the poist itkvrespect to the zer
has to equal to the angle of the pdins) With respect to the origin.

So, whens circles the zerb, s ( ) must@rthe origin,
and clockwise circling leads to clockwisircling.



Walking around the S-plane (3): missing the zero

F()=s -3
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If our path in the s-plane does not @rthe zero,
then the path in the F(s) plane will rantcle the origir



Walking around the S-plane (3): multiple zeros

F(S)=(s -3)(s 5)...(s &)
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We can now see that, if our path in #iplane wraps arourid

going clockwise,

then the path in the F(s) plane willade the originN times,

going clockwise.

zZerc



Walking around the S-plane (2): a pole
Now consider a pold- s(9 15(-3
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Note that becausé (I9¢s )= 1*Is( s ),
the angle has **changed sign**.
(Also, the radius has inverted, but tiehot important here

If we move the poins once in a *clocksa* circle around the pole,
then
the pointF 6 ) moves in one *counter*cloglse circle around the origi



Our prize: Cauchy's principle
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Let us travel clockwise around a clodedp in the s-plane

which wraps around

zeros aRd poles.

ThenF 6) will wrap *N * times *clockwise*around the origir

where
N=Z -P



Towards Nyquist's criterion
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If sfollows the marked trajectory, thetie # of times N * that (1+T(s)
circles the origin, in a clockwise dirtsmn,

equals # zeroZ, , In (1+T(s)), minusaigs,P, In (1+T(S)),

N=Z -P, orZ £ N



Towards Nyquist's criterion
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But: Z = # unstable poles i, s( ), the clodedp gain
and:P = # unstable poles &, s¢)s( ), the lamansmissior

So:Z=P +\, where

Z =# unstable poles 1A, s( ), the closed |lagpn

P =# unstable poles IA,, s(b) ), the loop tramssion
N =# times (1+T(s)) wraps clockwise arouthe origin



Nyquist's criterion (finally)
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Let's plot T(s) instead of (1+T(s

So:Z=P +\, where

Z =# unstable poles 1A, s( ), the closed |laypn

P =# unstable poles iA, s(b) H ), the loop tramssion.

N =# times T(s) wraps clockwise around the point (-1 + 0)



Nyquist's criterion: simplified case: stable before feedback
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Nyquist criterion applies even for syste which are unstable before feedbackpplied
Example: pitch (nose up/down) control some fighter planes.

NOW: let's consider cases where theaysis stable before feedback is appl
In that caseP = # unstable polesAn s & B (the loop transmission = *zerc

In that caseZ =N , where

Z =# unstable p@s inA., §), the closed loop gain

N =# times T(s) wraps clockwise around the point (-1+ 0)



Nyquist stability test: feedback with one pole

Here the loop transmission has one pole.
T(s), in the Nyquist test, does not wraqund the point (-1+(



