


























































































Control Systems nbartzsch

6Recital 25.10.24

Recap

Lastweekwe discoveredthatforanasymptoticallystablecausalLTIsystem describedby

yt Cetx Cle t 3urdt Jut
we can calculatethesteadystateoutputIss totheinputest asfollows

Iss Goesest withGies si t 3

ThecomplexfunctionChens isknownasthetransferfunctionanddescribeshowastablesystemEhertransforms

aninputestintotheoutputGoes it Youcanthingofitlikethe intheblockdiagramsButwhydowe

careabouttheresponsetoest

Wediscoveredthat mostfunctions ft canbewrittenas alinearcombinationoftermsest where
s is a complexnumberoftheform s o ja

Inthecontextofcontrolsystemsthismeansthatanyinput ut canberewrittenas

t Kesit

withK representingthe weightsinthelinearcombination Consequentleytheoutput canbewrittenas

Yt GE.siKiesit

WiththehelpoftheLaplacetransformwearriveattheexpression

Es GE.SKS

Where Is andUs aretheLaplacetransformof yt andat respectivleyFromnowonwewillmainly
workwithTEsinthe s domain





























































































TransferEnzyctions

WaystowriteTFS

Mostlywe canwriteTEsasrationalfunctionsWealreadysaw an examplelastweek

sans ai
Wecandopartialfractionexpansionandget

Gores 55 s 5

Wecanalsofactorizethenumeratoranddenominator indifferentwaysto obtain

Rootlocusform
ios

Bodeform
ios s

inall cases sn arecalledpolesand ImzerosPolesaretherootsofthedenominatorand

thezerostherootsofthenumerator ThereareotherwaystowritetheTF dependingontheapplication

somearemoreusefulthenothersWhatcanweinsidescanwegainformtheTFs

steadystateresponseto aunitstep

Given aTFofa stablesystemwecanobtainthesteadstateresponsebyLooking athowthesystemreacts

to aunitstep i e uthteotl.to

Example Goers 355594

weknowthat Iss Chensest

playingin Iss Giro e GG0 6

Youcanalsousethefinalvaluetheorem SEEtht

LimY t stings S stingsGEsksfiysGE.SI iylG s6

ThisisalsocalledtheBodegainKB.de





























































































ut

M Kode
1 I

t Transientsteathstate

steadystateresponseto asinusoid

GivensomeTFGEsofa.LTsystemwecancomputethesteadystateoutputtoaninput

at sint ie s j withIss Gorj Sint Gorj seeexamplefromlastweek Wenowneedto

compute Gorj and Gorj

Example

Gras
2g

rsetzernen

um
Letscomputebothtermswith Gorj and Gorj

GE.jo
2 292 0.141

Geri
2

0.2 1 arctan1 I

how Tss 0.141sint I





























































































Poles and Zeros

Weknowthatwe canwriteTEsasrationalfunctions intheform

ios ä a

therootsofthenominatorzerosanddenominator poles areveryimportantandtellus alotaboutthe

behaviorofasystem

Poles

Tounderstandpoles letslookat theimpulseresponse

Impulseresponse

Letusconsidertheresponsetoaunitimpuls i e ut St

Istalt 1 E 0 and If ist di to t 0

wecansolvethegeneralequationfory t byplaying in 0 Xo0 and at St

yt Cetx C e
t 3urat Jut

IfTS Tdi to
Yimpt C e

t 3s at Cet e 3s tat

Yimpt e
t

now we canapplyourknowledgefromtheLaplacetransformSince S GiesUs we

canapplytheLaplacetransformtoJimand atoobtainGies Letsconsider afirstordersystem

yimptceatb.li Is gebargra
SEI
Usut St

now Gies is ja and yt reat

Sotheimpulseresponsetotallydefinestheresponseofasystem

Wecanextendthistohigherordersystems andourTFwilltaketheform

Goes s s stin





























































































whichtranslatesto
epitreizt rne

soeachpoleinourTFgenerates anexponentialinthetimedomainForrealpolestheseare

exponentialsandforcomplexconjugatepolepairssinusoids

Weareessentially decomposing ahigherordersystemintomultiplefirstordersystems

ExamQuestion polesandimpulseresponse

Qualitativleydrawthepolesofthesystemsbelowdescribedbytheirimpulseresponse

im 1m Im

Re Re Re





























































































Zeros

Tounderstandtheeffectsofzerosconsiderthefollowingsystem

at it It I ᵗ

Thisis a differentiatorLet'sseewhathappenstosomegeneral ut estSinceyt datut inthis

case yt sestWecanconcludethattheTFofa differentiatorisgivenby
Goes s

Sidenote Integrators are givenbyGoes s

SobymultiplyingGieswiths essentiallyaddingazerototheoriginalTFintroducessomederivativeaction

Thisusuallyhas an anticipatoryeffect

Stepresponse

Thestepresponseisthesystemsoutputgivena stepinputie ut kt Theresultinggraphsgive

goodinsights Inthelastproblemsetyouderived ageneralsolutionfor afirstordersystemNowwewilllook

moreattheplots

Considertheplotbelow showingthestepresponseoftwosystemsBothhavethesamepoles

butthebluesystemhas an additionalzeroat





























































































Effectsofzeros

Letsgetbacktoourpartialtractionexpansionform

Goes s s stin

rememberthisisjustaspecialformofGoesthatisgenerallysomerationalfunctionWeknowthe

effectsofthepolesp pnbutwhatabout r tn

SayourTFisgiveninafactorizedformeg
Im

Gros
si si si Re

we cannowusethecoverupmethodto computer

r GimpS PGtaS
Letscomputether

r himS Gros 1 bin 5 1 11 111 11 j j

v2 SI Gore 1J 12

Gress
s

SotheresiduesareaffectedbythenominatoroftheTFWhatifweadd a zero i e aroottothe
nominator




































GraphicalapproachtounderstandtheLaplacetransform

for s ja i e o 0 noexponentialterms

S Domain
im

Ifweset o o we

onlylookatpure
e

sinusoids s jw

Example
timedomain S Domain

A t 2 2
e

sin3T SEI sin3 3 923 withpolesat
s 3J






