
Project # 2 — 332:416 Control System Design
A Pitch Controller for a BOEING Aircraft

Projectdue: Monday,March 8, 2004

The linearizedequationsgoverningthemotionof a BOEING’s commercialaircraft aregivenby (Messnerand
Tilbury, Control Tutorials for MATLAB and Simulink, Addison Wesley,1998)1
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(1)

where
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representsthepitch angle.The correspondingopen-looptransferfunctionobtainedfrom (1) is givenby
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In this projectwe designanautopilotthatcontrolsthepitch angle
+��@���

of this aircraft. Theautopilotis obtained
by forming the closed-loopsystemwith a unity feedbackanda controllerof the form A >CB �40�� . For simplicity we
assumethat A 
D���:� � � AFE so that the open-loopfeedbacktransferfunction is A > B �10&� > �40�� .

(a) Find thesteadystateerror dueto a unit rampinput of theoriginal ( A 
=��G?>CB �40�� 
=� ) closed-loopsystem
( > �40��IH � � > �.0&� ). Plot the closed-loopsystemramp responseandobserve(check)the correspondingsteadystate
error. Hint: In order to find the ramp responseusethe MATLAB function y=lsim(cnum,cden,t,t) with
t=0:0.1:30.

(b) Find the value for the staticgain A suchthat the steadystateerror due to the unit ramp is at most 10%
( J#K?L?M<NOIO 
P����� ). For the obtainedvalueof A plot the correspondingclosed-loopsystemramp responseandnotice
the steadystateerror improvement.Hint: Use the sametime rangeas in part (a).

(c) For theobtainedvalueof A find thephaseandgainstability margins andobservethat thephasemargin is
prettypure. Designthephase-leadcontroller >CB �10&� to improvethephasestability margin suchthatthecompensated
systemhasthe phasestability margin closeto

� �(Q . Find thestepresponseof the compensatedsystemandcompare
it to the stepresponseof the uncompensatedsystemwhosestatic gain A is found in part (b). Commenton the
transientresponseimprovementof thecompensatedsystem.Hint: In orderto beableto estimatethevaluefor RTS LVU
usethe following frequencyrangew=0.1:0.1:100 with bode(K*num,den,w). MATLAB will produce,for
this particularexample,the Bode plot in the frequencyrangeup to �&��W#X(Y H	Z . However,in the formulateddesign
problem R S L?U is greaterthan ���5W?X�Y H	Z .

(d) Designthephase-lagcontrollerto satisfythestability requirementimposedin (c). Find thestepresponseof
the systemcompensated(controlled)by the phase-lagcontrollerandcompareit to the stepresponseof the system
compensatedby the phase-leadcontroller. Which onehasa smallerrise time? Which onedo you prefer?

(e) Using the SIMULINK package,build the block diagramsfor the systemcontrolled by phase-leadand
phase-lagcontrollers,plot the stepresponsesin both cases,andconfirm the resultsobtainedin Parts(c) and(d).

Hint: MATLAB programsfor Examples9.4 and9.5 (postedon the textbookhomepage).

1 Note that in the secondpart of this coursewe will study the so-calledlinearizationprocedurethat producesa set of linear differential
equationsfrom a setof nonlineardifferentialequations.
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