


























































































Control Systems nbartzsch

8Recital 08.11.24

Recap
Westartedtolookathowasystemreactswhenintroducingfeedback

i e u
g

Y

Specifically welookedathowchangingthegaink affectedtheclosedlooppolesWenoticedthatwe can
determinethelocationoftheclosedlooppolesbasedontheopenlooppolesThisallowsustoquicklyseeifsome

controlerisfeasibleornotTheresultscanbesummarizedintherootlocus

Tosketchtherootlocus weneedtoconsiderthefollowingrules

Theclosedlooppolesaresymmetricabouttherealaxis

Thenumberofclosedlooppolesisequaltothenumberofopenlooppoles

Theclosedlooppolesapproachtheopenlooppolesas 0

Theclosedlooppolesapproachtheopenloopzerosas Iftheresmorepolesthenzeros

theygotoinfinity

Reviewingexamples

im im
Poles4 Zeros

Asymptotecentroid 1242123 0

ne

Asymptoteangles 24011180 60
n 0,123

4 3 2 1 1 2 3 21,1 180 180
242,1 180 300

im Im Poles4 ZerosO

Asymptotecentroid 1222
Re Re Asymptoteangles 2.0 1 180 45

n 0,1123
2 1 180 135

2421.180 225
2 1 180 315





























































































Examquestion V19

E.EE i EEEE.fiE
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Systemis d Polesare

WealsointroducedsomenewnotationforTFsof aclosedloopsystemIn asystemwithsomecontrolerCs

andaplant s wecandefinesomeimportant

TFs.ie

TsyOpenloopTF
Complementarysensitivity sensitivity

maps i y maps i e

S s s S S Ss 1s





























































































Time Domain Specifications

Sofarweassessedwetherwe canstabilizeoursystemwithfeedback basedontheopenloopTF s

Nexttostabilitytherearemanydifferentrequirements thatareofinterestwhendesigninga controler

Consider a cardrivingwithcruisecontrol

so
Assumewecanmodellthecar withastablefirstordersystem

Gies ist 1 Ina
poleats

Wearestandingat a redtrafficlightandassoonas itturnsgreenwewanttoaccelerateto

themaxallowedvelocityof50kmh Sothereferencechangesfrom0to50 intheinstantthatthelightturns

greenThiscorrespondstoascaledstepresponsetooursystem

Ceti Cte t 3up Jut

50 e Pfdp

50 1 e

Wecanseethatthebehavior isdependenton t Wecandefine a settlingtime i e thetimeittakes

forthesystemtogetwithind ofthesteadystate

d TIn100d

Thismeasureof a canhelpusadjustthebehaviorofthesystemsuchthatitdoesn'tacceleratetoofast

ortooslowSincea isdirectlyproportionalto t and I influencesthelocationofthepoleofGies

thistimedomainspecificationtranslatesto a constraintonthelocationofthepolesofthesystem

Thismeansthatwe canchooseourcontrolerinsuchawaythatthetimedomainspecificationis

metbycontrolingwhereourpolesgo





























































































Usuallythefirstorderaproximationfromaboveisnotenoughtodescribe a systemSolet's

approximatewith a secondordersystemWecandefineourTFtobe

duGreis
5255 wi y

wo
er
am

foran underdampedsystem31 withzeroinitialcondition weget

Yt 1 cost e coswt a

Againwecandefineimportantcharacteristics

ofthestepresponse

Timetopeak p

Peakovershoot e

Risetime 2in

50

Wecanmapoutthepolesinthecomplexplane wn

andobservethateachcomponentofthe Re

timeresponseaffectsthepolesdifferently

Thatmeansthatwe can againtakerequirementsinthetimedomainandtransformthemintoconstraints

onthelocationofthepolesofthesystemWhendesigningourclosedloopsystemwecantakethese

restrictionsintoaccount
Im

Risetime

EIJI Re

over
settlingtime





























































































Awaytorelatetheserestrictionstotherootlocusisoverlayingboth

im im

Re Re

RootLocus Timedomainconstraints

Im

Re

wecannowchooseksitthepolesfallintherestrictedarea

DominantPoleApproximation

Whatifoursystemhasmorethantwopoles

Oftenwecanapproximatethehigherordersystem Rememberthateverypolecorrespondstoan exponential

TherealpartofthepoleindicateshowfasttheexponentialgrowsordecaysForpolesintheLHPwe can

saythatpolesfurtherawayfromtheimaginaryaxisarefaster sincetheydecayatahigherrate

Weobservethatthebecombinedbehaviorcanbewellapproximatedbytheslowerpoleiethepoleclosertothe

imaginaryaxis





























































































Example

GivenGies
s s we canneglectthepoleat 10sinceit isfasterthantheothertwo

we canthusapproximateGiersdom 1 s j s j
Thefactor ensuresthatthesteadystatevalueramainsthesame

ExamquestionHS17

i Fastestpoleat 30 tobeeliminated

ii correctionfactorneededsuchthatsteadystateremainsthesame jo





























































































Steadystateerror

Fromafewweeksago weknowthefinalvaluetheorem

LimYt fingSis stingsGE.sks

todeterminethesteadystateoutputof asystemCanwedosomethingsimilarwiththeclosedloopsystem

i e
s u s

Let'strytocomputethesteadystateerrorWealreadydefinedtheTFfromi e as Ss 1
s

Wecannowwrite
timet firgsss2s slings

s
2s ess

Lookingat s inBodeFormweseethat

s willso

s numberofpolesattheorigin
typeofsystem

if o thenfigs 1 2s ess

Thatmeansthatinordertoobtain asteadystateerrorof0weneedapoleattheoriginalsoknownasintegrator

DependingontheinputwepotentiallyneedmorethanoneintegratorWhenconsideringthesteadystateerrorwe

usuallylookatrampinputsThesearegivenby

rt
g

or inthesdomain 2s Jg orderoframp

0 1 2

Dependingontheorderoftherampandthetypeofthesystemwegetdifferentsteadystateerrors
















































Example

GivenanopenloopTF s
g
35g calculatethesteadystateerrortoa1ˢotrderramp

Let'sbring intoBodeform s 35 3 whereKode 35

Wecanseethatthisasystemoftype1 sinces 1 Wealsoknowthattheinputrampisoforder1

Usingthetablefromaboveweget
esski.de 53

Thefinalvaluetheoremwouldyieldthesameresult

PID Control
abriefintroduction

Reallwhatourcontroler isdesignedtodo
i e

s u s

Ittakestheerror iethedifferencebetweenthecurrentoutputandthereferencewewanttoachieveand

transforms itintoaninputtotheplantConsider aneletriccarandit'sclosedlooprepresentation

Inthiscontextthecontrolerwilltakethedesired

position resandsubtracttheactualposition

The generatingtheerror ie howfarawaywe arefrom

res Thecontrolermustnowinterpretthiserrorand

transformittoaninputtotheplant thecar Thiscouldbe avoltagetothemotorssothecontroler

transformstheerrortoaninputThequestionishowdowe convertanerrorintoacommand

Onewaytodoit iswithPIDcontrol

PIDcontroliseverywhere WhatdoesPIDstandfor

pp proportional

eachterm
I Integral handlesthe e

errordifferently
Derivative

4ps



Howdoweinterpretalloftheseterms

error error error

2

TheTFofsuchacontrolleristhengivenby

Cs sp ps DS GPS 4

or inthetimedomain
spet et di Det

ThechallangeisthentofindtherightgainsthatfulfilltherequirementsThisiscalledPIDtuning

ProfFrazzoli'sPIDdesignrecipie

TheeffectsofeachTermcanbesummarized

Proportional

Decreasesteadystateerror
Increasecloseloopbandwidth
Increasesensitivitytonoise
canreducestabilitymarginforhighordersystems

Integral

Eliminatesthesteadystateerrortoastep if Lisstable
Reducesstabilitymargins

Derivative

Reducesovershoot increasesclamping
Improvesstabilitymargins
Increasesensitivitytonoise



ExamProblem 519

Checksummaryabove


