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Root locus: Multiple parameter designRoot locus: Multiple parameter design
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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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What is Root Locus? (Review)What is Root Locus? (Review)
Consider a feedback system that has one Consider a feedback system that has one 
parameter (gain) K>0 to be designed.parameter (gain) K>0 to be designed.

Root locusRoot locus graphically shows how poles of CL graphically shows how poles of CL 
system varies as K varies from 0 to infinity.system varies as K varies from 0 to infinity.
Today, Today, multiplemultiple design parameters!design parameters!

L(sL(s))KK
L(sL(s): open): open--loop TFloop TF
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Example 1Example 1

a)a) Set KSet Ktt=0. Draw root locus for K>0.=0. Draw root locus for K>0.
b)b) Set K=10. Draw root locus for KSet K=10. Draw root locus for Ktt>0.>0.
c)c) Set K=5. Draw root locus for KSet K=5. Draw root locus for Ktt>0.>0.

KK

KKt t ss
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Example 1 (a): KExample 1 (a): Ktt=0=0

ReRe

ImIm

There is no There is no 
stabilizing gain K!stabilizing gain K!
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Example 1 (b): K=10Example 1 (b): K=10

1010

KKt t ss

Characteristic eq.Characteristic eq.
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Example 1 (b)Example 1 (b)

ReRe

ImIm

By increasing Kt, By increasing Kt, 
we can stabilize we can stabilize 
the CL system.the CL system.
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Finding KFinding Ktt for marginal stabilityfor marginal stability
Characteristic equationCharacteristic equation

RouthRouth arrayarray

When KWhen Ktt=2=2

Stability conditionStability condition
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MatlabMatlab command command ““rlocus.mrlocus.m””
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Damping ratioDamping ratio
If K=10, we cannot If K=10, we cannot 
achieveachieve

for any Kfor any Ktt>0. >0. 
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Example 1 (c): K=5Example 1 (c): K=5

55

KKt t ss

Characteristic eq.Characteristic eq.
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Example 1 (c): Root locus plotExample 1 (c): Root locus plot
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Example 2Example 2

L(sL(s))KK

a)a) Set T=0. Draw root locus for K>0.Set T=0. Draw root locus for K>0.

b)b) Vary T to see the effect of a zero on root locus.Vary T to see the effect of a zero on root locus.
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Example 2 (a)Example 2 (a)
Root locus for Root locus for 

ReRe

ImIm

Breakaway pointBreakaway point
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Example 2 (b)Example 2 (b)
When K is fixed and T is a positive parameter, When K is fixed and T is a positive parameter, 
the characteristic equation can be written asthe characteristic equation can be written as

Term without TTerm without T Term with TTerm with T

15

Example 2 (b) (contExample 2 (b) (cont’’d)d)
Root locus for Root locus for 
various K & Tvarious K & T
Zero of Zero of L(sL(s):):

Generally, Generally, 
addition of a zero addition of a zero 
improves stability.improves stability.
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Summary and exercisesSummary and exercises
Multiple parameter design examplesMultiple parameter design examples
Next, lead compensator design based on root Next, lead compensator design based on root 
locuslocus
ExercisesExercises

For the feedback system, For the feedback system, 
•• Set a=0, and draw RL for K>0.Set a=0, and draw RL for K>0.
•• Set K=9, and draw RL for a>0.Set K=9, and draw RL for a>0.


