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Course roadmapCourse roadmap

Laplace transformLaplace transform
Transfer functionTransfer function

Models for systemsModels for systems
•• electricalelectrical
•• mechanicalmechanical
•• electromechanicalelectromechanical

Block diagramsBlock diagrams

LinearizationLinearization

ModelingModeling AnalysisAnalysis DesignDesign

Time responseTime response
•• TransientTransient
•• Steady stateSteady state

Frequency responseFrequency response
•• Bode plotBode plot

StabilityStability
•• RouthRouth--HurwitzHurwitz
•• NyquistNyquist

Design specsDesign specs

Root locusRoot locus

Frequency domainFrequency domain

PID & LeadPID & Lead--laglag

Design examplesDesign examples

((MatlabMatlab simulations &) laboratoriessimulations &) laboratories
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Transfer function (review)Transfer function (review)
A transfer function is defined byA transfer function is defined by

A system is assumed to be at rest. (Zero initial A system is assumed to be at rest. (Zero initial 
condition)condition)

Laplace transform of system outputLaplace transform of system output

Laplace transform of system inputLaplace transform of system input
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Impulse response (review)Impulse response (review)
Suppose that Suppose that u(tu(t) is the unit impulse function ) is the unit impulse function 
and system is at rest.and system is at rest.

The output The output g(tg(t) for the unit impulse input is called ) for the unit impulse input is called 
impulse responseimpulse response..
Since Since U(sU(s)=1, the transfer function can also be )=1, the transfer function can also be 
defined as the defined as the Laplace transform of impulse Laplace transform of impulse 
responseresponse::

SystemSystem
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Elementary TF block diagramsElementary TF block diagrams
Series connectionSeries connection
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Elementary TF block diagramsElementary TF block diagrams
Summing JunctionSumming Junction
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Elementary TF block diagramsElementary TF block diagrams
Parallel connectionParallel connection
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Feedback connectionFeedback connection
NegativeNegative feedback systemfeedback system

EEaa

Be careful when computing transfer functions Be careful when computing transfer functions 
from outside to inside the feedback!from outside to inside the feedback!
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Feedback loop Feedback loop formula,TFformula,TFRR→→YY

FFgg: Forward gain from : Forward gain from R(sR(s) to ) to Y(sY(s) ) G(sG(s))
LLgg: Loop gain:: Loop gain: G(s)K(s)(G(s)K(s)(--1) 1) 

EEaa

The loop gain is the product of 
all transfer functions that form the loop
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Feedback loop Feedback loop formula,TFformula,TFRR→→EE

FFgg: Forward gain from : Forward gain from R(sR(s) to ) to E(sE(s) ) 11
LLgg: Loop gain:: Loop gain: G(s)K(s)(G(s)K(s)(--1) 1) 

EEaa
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ExercisesExercises
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Summary and ExercisesSummary and Exercises
Block diagramsBlock diagrams

Elementary diagramsElementary diagrams
Feedback connectionsFeedback connections

NextNext
LinearizationLinearization

ExercisesExercises
Obtain Obtain TFsTFs from R to Y on the previous page.from R to Y on the previous page.
Obtain Obtain TFsTFs from input F to outputs xfrom input F to outputs x11 and xand x22 for the for the 
quarter car problem in terms of Gquarter car problem in terms of G11, G, G22, and G, and G33..


