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•• Design of controllers for a realistic Design of controllers for a realistic 
servo systemservo system

•• Fourth order servo systemFourth order servo system
–– TachoTacho feedbackfeedback
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Example of lecture 2Example of lecture 2
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Example of lecture 2Example of lecture 2
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Linearise in 20-simLinearise in 20-sim
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Bode plotBode plot
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Example of lecture 2Example of lecture 2
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Identification experimentIdentification experiment
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Identification experimentIdentification experiment
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Proposed control structureProposed control structure
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Root locus KpRoot locus Kp
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KK’’ = 10= 10⋅⋅1.2 = 121.2 = 12

Stay away from the Stay away from the 
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Root locus KdRoot locus Kd
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Response of ‘ideal’ systemResponse of ‘ideal’ system
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Alternative designAlternative design
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In “real” systemIn “real” system
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Response of ‘real’ systemResponse of ‘real’ system
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Design issues (from lecture 1)Design issues (from lecture 1)

ModellingModelling

Controller DesignController Design

Simulations withSimulations with
full nonfull non--linear linear 

modelmodel

Simplification,Simplification,
LinearisationLinearisation

SpecificiationsSpecificiations
achieved ?achieved ?

yesyes nono

readyready •• speed of responsespeed of response
•• bandwidthbandwidth
•• stabilitystability
•• overshootovershoot
•• sensitivity for sensitivity for 

disturbances and disturbances and 
parameter parameter variatonsvariatons
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Tacho feedback in “real” systemTacho feedback in “real” system
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Alternative tacho feedbackAlternative tacho feedback
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New linearisationNew linearisation
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ME q

A_Model_for_identification.em



Control Engineering
University of Twente

Lecture 11      Review, Realistic example (22) Control Engineering 2004/2005  © Job van Amerongen

This helps !This helps !
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ExperimentExperiment
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Identification resultIdentification result
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Redesign of controllerRedesign of controller

We found before:We found before:

KKpp = 3= 3
KKdd = 0.6= 0.6

oror

KKpp = 4= 4
KKdd = 0.8

Because gain fromBecause gain from
input to motor isinput to motor is
4 times higher,4 times higher,

KKd,md,m = 0.6/4 = 0.15  = 0.6/4 = 0.15  (0.2)(0.2)

KKpp = 3   = 3   (4)(4)= 0.8
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Result in ‘real’ systemResult in ‘real’ system
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StepresponseStepresponse
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Tacho feedbackTacho feedback

•• TachoTacho feedback should always be feedback should always be 
based on the motor speedbased on the motor speed

•• TachoTacho feedback of the load leads feedback of the load leads 
in a system with resonant poles easily in a system with resonant poles easily 
to an unstable system to an unstable system 
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Motor feedback onlyMotor feedback only
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ResponsesResponses
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Lead networkLead network
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ResponseResponse
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Bode Closed-loop systemBode Closed-loop system
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SensitivitySensitivity
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Response with prefilterResponse with prefilter
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Lead network in feedbackLead network in feedback
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Motor angle feedback &
derivative of motor angle
Motor angle feedback &
derivative of motor angle
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Further improvementsFurther improvements

•• Further improvements only possible Further improvements only possible 
by removing the limiting factor:by removing the limiting factor:
–– complex poles, due to limited stiffness complex poles, due to limited stiffness 

of axisof axis
–– a stiffer axis will move these poles to a stiffer axis will move these poles to 

higher frequencies andhigher frequencies and
–– enable much better performance:enable much better performance:
–– change change kkaxisaxis from 1.45 into 100from 1.45 into 100
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Response with a stiffer axisResponse with a stiffer axis
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Open loop comparisonOpen loop comparison
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Bode plotsBode plots
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Tracking deviceTracking device

frequenciesfrequencies
sea wavessea waves
0.1 Hz0.1 Hz
0.6 0.6 rad/srad/s
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Bandwidth too smallBandwidth too small
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Stiffer transmissionStiffer transmission
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ComparisonComparison

0 1 2 3 4 5
time

E
rr

or

-0.4

-0.2

0

0.2

0.4

0.6

ErrorError
((KKpp = 3,= 3,

KKdd = 0.15)= 0.15)

ErrorError
((KKpp = 200,= 200,
KKdd = 1.7)= 1.7)



Control Engineering
University of Twente

Lecture 11      Review, Realistic example (51) Control Engineering 2004/2005  © Job van Amerongen

Closed-loop Bode plotsClosed-loop Bode plots
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ConclusionsConclusions

•• A realistic system can be controlled A realistic system can be controlled 
with the tools learned in this coursewith the tools learned in this course

•• What is left is the digital What is left is the digital 
implementation of controllers:implementation of controllers:
–– Next two lecturesNext two lectures
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