


























































































Control Systems nbartzsch

9Recital 15.11.24

Recap
TimeDomainSpecifications

Whenlookingatthestepresponseof asystemwe canspecifycertaincharacteristicsoursystemshouldhave

BylookingattheplotwecandefineafewofthemConsidera secondordersystem

2in wGis 5235 wi y

foran underdampedsystem31 withzeroinitialcondition weget

Yt 1 cost e coswt e

Wecandefineimportantcharacteristics

ofthestepresponse

Timetopeak I
Peakovershoot e

Risetime 2in
a

Settlingtime a In100d

WecanmapoutthepolesofGoes as a I
con

functionof o wwaandyinthecomplexplane
Re

Weobservethateachcomponentofthe

timeresponseaffectsthepolesdifferently

Thatmeansthatwe cantakerequirementsinthe
Risetime

timedomainandtransformthemintoconstraintson deairäle

jI Re
thelocationofthepolesofthesystem Whendesigning

ourclosedloopsystemwecantaketheserestrictionsintoaccount
overshoot

settlingtime





























































































Awaytorelatetheserestrictionstotherootlocusisoverlayingboth

im im

Re Re

RootLocus Timedomainconstraints

Im

Re

wecannowchooseksitthepolesfallintherestrictedarea

DominantPoleApproximation

Whatifoursystemhasmorethantwopoles

Oftenwecanapproximatethehigherordersystem Rememberthateverypolecorrespondstoan exponential

TherealpartofthepoleindicateshowfasttheexponentialgrowsordecaysForpolesintheLHPwe can

saythatpolesfurtherawayfromtheimaginaryaxisarefaster sincetheydecayatahigherrate

Weobservethatthebecombinedbehaviorcanbewellapproximatedbytheslowerpoleiethepoleclosertothe

imaginaryaxis

Steadystateerror

Tocomputethesteadystateerrorofastandardfeedbacksystemtoarampinputwecanusethetablebelow

Wherethetypereferstothenumberofpolesattheoriginand totheorderoftherampinput





























































































FrequencyResponse

Backinweek5 weintroducedtheTFandhowforLTIsystems itcanmodellthesteadystateoutputtosome

generalinputestTheTFisgivenby

Iss Chensest withGies si t 3 SEC

Wechosethegeneralinputestsincevirtuallyeveryinputcanbegenerated as alinearcombinationoftermsest

SinceoursystemisLTI wecanthuscalculatetheresponsetocomplexinputsbybreakingitdownandsummingup
theindividualoutputs Iftheinputis a cosinewesawthat

ut coswt fett zejut
Wenoticethatwecandecompose ut asfollows

ut Kest withKaz andSi jo
Theoutputisthengivenby

t.GEjwfeiwtGE.joZeit

we canrewriteCrew as e with
fairy dä ifeng.fiiw

andthen
ejozeiut ei zeit

yt coswt o

TheoutputisanothersinusoidwithadifferentamplitudeandphasebutsamefrequencyThismeansthat in

ordertoanalyzehowasinusoidaffectsoursystemweonlyhavetoknowhowthemagnitudeandphasechangeThese

changesaregivenby GE.jo and a GE.jo Sobyplayingin s jw we cancompletleydefinethe

steadystateresponseto asinusoidalinput thisisalsocalledfrequencyresponse

Thefrequencyresponse isveryimportant incontrolsystemsandallowsustoassesthestability

performance behavior andmanyotherthingsofLTIsystems





























































































Whenrepresentingthefrequencyresponsewe are essentiallyplotting a complexfunctionEherjw

with a realargumentwelkThereare twowaystorepresentthis

PolarPlotNyquistPlot BodePlot

im

7Etude

Re
w

I Ei
103 102 10

rgo
101 102

asparametriccurvewisimplicit twoseparetplotsas afunctionofw

WewillstartwiththeBodeplot

BodePlot

Wewanttoplot GE.jo and a GE.jo as afunctionofwWewillusetwoplotswithashared

frequencyaxisThefrequencyaxisisshownon alog scale in Themagnitudeisplottedin decibelsie

Gerja dB 2010g GE.jo

andthephaseusuallyindegreesThisresultsin aplotofthisform

Esitude
20

Phase

103 102 10
gg

101 102

Onereasonforchoosingthisscalingisthatwhenwehavemultipleinputsthemagnitudegetsmultipliedandthephases

addedSincethemagnitudeplotis inlogscalewecanthenaddtwolinesintheplotinsteadofmultiplying





























































































TosketchtheBodePlotwefollowthesebasicrules

Let'strydrawingsomeplotsTodrawtheseplotsbyhandwecando a straightlineapproximationwiththe
tableaboveAlsorecalltheBodeFormofaTF

ios

Let'slookatsimpleexamples

GE.sk K 0andKro k 5

Magnitude 20logK 14dB

Goes
s inBodeForm

todrawthisplotwetake
theabsolutepositionofthe
poleandmarkitontheplot
Drawthelowfreqasymptote
at 0dBuntilthelocation
ofthepoleThenthehigh
fregasymptotefromthepole
FitHaseusuallystarts
changing1desbeforthe
polelocationandcontinuesuntil
Ideeafterthepole





























































































we canputbothtogetheranddrawtheBodeplotfor

IG.es 5 s inBodeForm

sincewechosealog
scaleforthemagnitude
wecannowaddeverything
up

wecanalsoaddazero

Giers 5 518
bringtoBodeForm

Gies 40 1

Proceedasabovebutlookat
thetableforthebehaviorofthe
nonminimumphasezero

ThiscanbedoneforanarbitrarynumbersofpolesandzerosTwoimportantcasesarepolesandzerosat

theoriginTherespectiveplotslooklikethis

Gores s Gans





























































































Amorecompletetablewithsketchingrulesisgivenby

Example

go.gs i 1





























































































UntilnowweonlyconsideredrealpolesButwhatiftheTEhas acomplexconjugatepairofpoles

wecangenerallywritea correspondingTF as

Gs 2p
5235in

m

forthesesystemsthedampingratio influencestheformoftheBodeplot

B

Despitethistheycanbetreatedlikenormalpoles

ExamQuestion

20dBder

60dBder





Lookingtowards w 1 we see aslopeof20 decandaphaseof90 Integrator 1pole

At w tothereis apeakinmagnitudeandsuddendropinphase Pairofcomplexconjugatepoles 2poles

Checkingtheslopesofthemagnitudeplotandwecanconcludethattherearenoothercomponents

20dBder

Wecan readfromtheplot arround w 1 20 dec and 90 unstablepoleat5 1

DCgain 20dB Kode 10



PolarPlot

Wecanalsorepresentthefrequencyresponse as aparametriccurvewherewisimplicitWecanthenplotone

curveinthecomplexplaneLetsstartwith asimpleexample Goes s

im

Re

initcircle

Wewillgothroughsomewandnotedownmagnitudeandphase w O 0dB1 o

w 1 3dB 45

w 10 20dB0.1 90

Basedonthiswecanmake aroughsketch

Anotherexample Gies
50.1551

Im

Re

Outsideofunitcirclebetween 10 135



Lastexample

GE.si5015s1
Im

I
Pointat 180 approx5dB 2 Pointat 0dB 210


