


























































































Control Systems nbartzsch

7Recital 01.11.24

Recap

WecanwriteTEsasrationalfunctions

Gans
an

We canalsofactorizethenumeratoranddenominator indifferentwaysto obtain

Rootlocusform
go.sk 55mm

Ing arecalledpolesand ImzerosPolesaretherootsofthedenominatorand

thezerostherootsofthenumerator

EachpoleinourTFgenerates anexponentialinthetimedomainForrealpolesthesearepure
exponentialsandforcomplexconjugatepolepairssinusoids

ZerosinthelefthalfplanearecalledminimumphasezerosTheyaddsomederivativeactiontothe

response A nonminimumphasezero causes theoutputto initiallymoveinthewrongdirection

ie wehavesomesortof negative derivativeaction Stability isconserved

minimumphasezero

nonminimumphasezero

If a zerocoincideswiththepoletheycancelout Ifthepolethatisbeingcancelled isstable

this isofnoconcernbutifthepoleis unstablethisbecomesa bigproblem





























































































Remembercourseobjectives

Modeling representrealworldsystemswithmathematicalequations

Analysis understandhow a givensystembehaveshowtheinputaffects theoutputhowfeedback
influencesthesystem

Synthesis Changethesystem sothatitbehavesinadesirableway

Whatwedidsofar
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Differentialequations
Linearization

e F 0 he 0

0 1

i mi
3 0

mi

C 10 0
SDomain Gg Y

LTIStatespaceform

Gies 920 2
im

TransferFunctions
Re

Root Locus





























































































Wearrivedat apointwhere we can starttolookathow different controlerinfluenceoursystem

Buthowdoweknowhowtochoseourcontroler Let'stakeourinvertedswingexample Firstofallwewantoursystem

tobestable i e nopolesintherighthalfplaneOuroriginalsystemhastwopoleswhichcanberepresentedasfollows

im

ESTE
Chen Y Gies

2 20 5 Re

Inordertocontrolthissystemlet'saddsomecontroller s andintroducesomefeedbackTheblockdiagram

wouldlookasfollows
i e

go 2

FornowthecontrollerCwilljustbea constantthatmultipliestheerrore Thisalsocalled a gainandwe

willdenoteitwiththeletter

TheTFmapping i to y inthisclosedloopsystemisnowgivenby

s s
1 es

s isalsoreferredtoasthecomplementary sensitivity

Soideally bychanging wecanbringtheunstablepoletothelefthalfplanestabalizingthesystem

Nowinsteadoflookingat s wehavetoconsider s Luckilythepolesof s aredependendon i eby
adjusting weinfluencethepositionoftheclosedlooppolesLet'sseehowtheybehave

α
Im im im

Solve s s 20.24 0 4 10 20

fordifferent Re Re Re

Wecantraceoutthepathsthatthepolestakeandobtain Im

Re





























































































Wecannowseethatforsomevalue bothpolesareintheLHPandthesystemisstable

Theplotwejustcreatediscalledrootlocusanditshowshowthelocationoftheclosedlooppolesbasedonthe

openlooppolesItallowsustoquicklyseeifsomecontrolerisfeasibleornot

Ideallywedon'twanttocalculatethepositionofthepolesforallvaluesof tobeabletosketchabodeplot

Luckilytherearesomeruleswecanfollow

1 Theclosedlooppolesaresymmetricabouttherealaxis

2 Thenumberofclosedlooppolesisequaltothenumberofopenlooppoles

3 Theclosedlooppolesapproachtheopenlooppolesas 0

4 Ifthereareasmanyopenlooppolesasopenloopzerosthentheclosedlooppolesapproachtheopen

loopzerosas Iftheresmorepolesthentheygotoinfinity


























































































https://lpsa.swarthmore.edu/Root_Locus/RLDraw.html


Examples

Let'stakethe examplefromabove andfollowtherules

im im

Re Contactpointofasymp 221 0.5
2 1 1 Re

Angleofasymp 2.180 270

Let'sadd azeroandlookatsomemoreexamples Thecentroid istheintersectionpointoftheasymptotes

im im
Poles 2 Zeros

Asymptotecentroid 422,1 1

4 3 2 1 1 2 3 Asymptoteangle 22011.180 180

im im
Poles 2 Zeros

Asymptotecentroid 122,3 4
Re

43 21 1 23 Asymptoteangle 22011.180 180

im im
Poles 2 Zeros

Asymptotecentroid 12113 1

4 3 2 1 1 2 3 Asymptoteangle 22011.180 180

im im
Poles4 Zeros

Asymptotecentroid 1242123 0

4 3 2 1 1 2 3 Asymptoteangles 24011.180 60
n 0123

2111.180 180

24211.180 300





























































































im im
Poles4 ZerosO

Re

Asymptotecentroid 12422 43

4 3 2 1 1 23 Asymptoteangles 2.0 1 180 45
n 0,1123 2 1.180 135

2.421.180 225
2 1.180 315





























































































Let'slookattheIFagain Y

s willbesomerationalfunctionoftheform s nowtheclosedloopTFwillalwayshavetheform

s
1 s Ds ins

ThatmeansthattheclosedlooppolesaregivenbyDs Als 0 Herewecannicelysee

LimoDs Ms Ds closedlooppolesapproachtheopenlooppoles

dimDs Ns Ns closedlooppolesapproachtheopenloopzeros

Ifwewanttoimplementmorecomplexcontroller thatisitselfadynamicsystemtheopenLoop

TF istheproductoftheplantwithcontroler i e s Cs s

ThecontrolerCs isoftencalleddynamiccompensatorWecanusedynamiccompensatorstoeg stabilize

unstablesystemsLetslookat a simpleexample

im im

Re Re

nowwecandesignthedynamiccompensator tohavea minimumphasezero

im im

Re Re





























































































Byaddingazerowe areabletomakethefeedbackconnectionstableThisisalsocalledaPDcontroler

Moreonthatlaterinthecourse

Someadditionalconsiderations

Wellposedness

Considerthesystembelow
i e u

z Y

with and beingscalargainsThenthedenominatorof s willbe 1 2 Soif 1then

s 8 Inthiscasethesystemisnotwellposedthisinterconnectiondoesnotmakesense

Internalstability

UptonowthestabilitycriteriawedefinedonlyreallylookedatthestabilityofonespecificTFNowwewilllook

atthestabilityofawholesystemConsider
i e

si

TheclosedloopTF r y isgivenbythecomplementary sensitivity s

5 512

thisseemstobestablebutinsuchinterconnectedsystemwehavetocheckif allclosedloopTFSbetween

anytwosignalsarestableIfwelookatourexamplewecanseethategtheTEfromi u isgiven

by si s 2
wethatitisunstableSoour umightbeblowingup butwedon'tseeitintheoutput It isunobservable

Thisisoneoftheeffectsofpolezerocancellation



















