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We con write TFs an rotional functions.
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We can also fadorize the numeroter and denowminakor in differest ways o oblain :
? Rook -locus form. (8-2,18-2,) ... (5-2,)
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Py sPamg 02 called poles and z,,..., 2, 2eros. Foles ase the coots of fhe denominabor and
the zeros the toots of the numesataor.
» Eoch pole in ous TF genesotes om exponential i the time domain. For real poks these ase pure

exponertials and for complex -conjugate pole poiss , Sinusoids.
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+  Zeros in the left holf plane o colled mmimum phose zerosS.They add seme desivative oction bo the
response. A non-minimum phase 2ero  couses e ou{pu{ to imilially move in tne Weong direction |

e we have Sowe soct of "negative” decivabive ackion. Stabilily is consecved .
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- Ik o zefo coimcides Lith the pole they cancel aut! If the pole thot i bemg cameelled is stable

this is of no concen bub if the pde is unstable this becomes o big problem.



Remembes coucse objectives:

Modeling: fepresent feal world systems with mothematical equations.

Avmltdsis ;

undecetond hote o given system behaves; how the input offects the eutput, how feedback
fluences the sgs’ten.

Synthesis - Change the sylem | so that it behaves in o desirable woy.

Whot we did so fas
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e owived of o point where we can slact bo Lok of how diffecent controles influence ouc systen
But hoto do we Know how bo chase ous controler 2 Leks take ouc invested swing example . Ficel of all, we wort ous cysen

to be. aloble ,i.e. Mo poes iw the right half plave. Ous origival system. has fwo poles , which can be represerted as follows:
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In ordec to control this syctem, lot's add some controller C(s) ond introduce some feedbock. The. block diagram

would lock as follows:
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For now . the controlles C woill just be. o constant that mulliplies the ervor e. This also colled a gain and we
will dende it with the leflec k.

The TF mopping r o y ,in this closed logp aydem ,is now given by:

k 0.2
T(s)e—Se2 . __02K
1+ k 0.2 s%s -2+ 02K
%5 -2

T(s) is aleo refessed to as the complemertacy Sewsitivity.
50 \deally , by changing K , we can bring the undoble pde to the lefl half plane, stobalizing the. system.
Nowo insbeod of Looking ob L(s) we \ave to consider T(s) . Luckily the poles of T(s) ose dependend on. K , i.e. by

odjusting Kk e influence the posibion of the closed loop poles. Let's see Vow they behove.
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We con troce out the paths thot the poles toke and cbtoin: L




We com now seethol for come volue k both poles ace i the LHP ond the systew & ghoble.

The plot we just creoted is called roct locus , and it shows how the [ocation of the closed loop poles, bosed on the
open loop poles. It allows us bo quidly see if Some controler is feasble. or not .

leally we dont ot bo caleulabe. the pasition of the pdes for oll values of K o be able b eketch a bode plob.

Luckily thece ace some rules we con folbw:

1. The closed loop poles ase symmetsic oboud the reol axis.

2. The nuwber of closed loop poles is equal to the number of open loop poles.

3. The closed loop poles opproadn the epen loop poles og k-0

4. |f there ose os mony open loop pdes 0. open loop zecos , then the closed loop poles approodn the open

loop teros ag k-oo. | theces more pdles thew they go "to imfinity".

Contact point / Centroid of asymptotes

_ ZxPoles - ZxZeros
Scom -
#Poles — #Zeros
x; = Coordinates on the Real axis
Angle of asymptotes
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- #Poles — #Zeros
n = {0;1;...; (#Poles — #Zeros — 1)}
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1. Root loci start at poles = go to zeros

2. There are n lines (loci) where n is the degree of
Poles or Zeros (whichever is greater).

3. Askincreases from 0 to oo, the roots move from the
poles of G(s) to the zeros of G(s).

4. When roots are complex, they occur in conjugate
pairs.

5. At no time will the same root cross over its path.

6. The portion (Anteil) of the real axis to the left of an
odd number of open loop poles and zeros are part
of the loci. = Roots are always sketched from the
right to the left.

7. Lines leave and enter the real axis at 90°.

8. Ifthere are not enough poles or zeros to make a
pair, then the extra lines go to / come from infinity.

9. Lines go to infinity along asymptotes.

10. If there are at least two lines to infinity, then the
sum of all roots is constant.

11. K going from 0 to —oo can be drawn by reversing
rule 5 and adding 180° to the asymptote angles.




E xomples -
Let's Eoke the example from obeve , and follbw the rules.
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The portion (Anteil) of the real axis to the left of an
odd number of open loop poles and zeros are part
of the loci. » Roots are always sketched from the
right to the left.
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let's add a zew, and look ot some mote examples. The centcoid 15 the intefsecfim Pe'mjt of the OoSgr\pLa{‘-@S
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Let's Look ot the TF again.

k L(s) >

L(s) will be. some. rotional function of the form L(6)=% , Tow the closed loop TF will olwsys have the form:

kL) _ kNt

Te)-= T+kL(s) D@+ kNis)

Thot wmeons that the closed Loop poles ase given by D(s)+ kN(s)=0 . Hese we can niceley see:
Lim D(s)+ k Nis)= D(s)

m D(9)+ k N(s)= N(s)
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If we want to implomert wose complex corbrolles ot is itself o dynamic eystew, the open loop

TF is the product of the plawt with controlec,i.e. [(s)=C(s) P(s)
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The conbrolec C(s) is offen called dynamic compensador. le. com use. dynamic compensators ko e Shabolize

unstoble systems. Lets look ob o Simple example:
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row we con desigh the dynamic compensatos to have o winimum phase  zeso.
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B\_‘ odd ing . 2e60 We ase oble to make the feedback connection stable . This is also colled o PD controler.

Mose. on that lotes in the course.

Some. odditional considecofions :

(Well - posedness:

Consides the syslem below:
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with Dy and D, being &colac ogims. Then the denswminalor of T(s) will be 1+ DDy . %0 i D,D,;=-1 then

1
T(s)=0 . In this cose the system is net well posed , this inbecconneckion does mt make sense.

Internal slabilidy:

Up to now the slabilily cribecea we defined only really looked of the ehobilily of one specific TF. Now we. will leok

ot the s{:ob\lil:lj of o whole system. Considec:
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The clsed loop TF r >y is gven by the Complemertary Sensitivity T(s):
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this seems ko be stoble ,but  such intesconected system we hove bo check if all closed \oop TFs between
any two signals are sloble. If we look of ouc eyample we con see that e.g. the TF from r —w is given

by: _ s
(5-1)(s5+2)

we thot it is wngkable . So ous w might be "blowihg up” , but we dowt see it inthe oubput. It is unobsecvable.

This is ome of the effects of pole -zeco cancellation.






