
12.7 Laboratory Experiment on Control Systems

Problem: A Pitch Controller for a BOEING Aircraft
The linearizedequationsgoverningthe motion of a commercialaircraft, obtainedby
usingthe linearizationmethodologypresentedin Section8.6, aregiven [10] by
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representsthe pitch angle. The correspondingopen-looptransfer function
obtainedfrom (12.59) is given by
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In this experimentwe designan autopilot that controlsthe pitch angle
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of this
aircraft. The autopilot is obtainedby forming a closed-loopsystemwith unity feedback
anda controllerof the form BDCFE �10&� . For simplicity, we assumethat B 
G����� � � B3H , so
that the loop transferfunction is BDC E �10&� A �10&� .

Part 1. Find the steady state unit step and unit ramp errors of the origi-
nal closed-loop system ( B 
 �(I C E �>0�� 
 � , J �>0�� 
KA �10&��LM� � � A �10&�N� ). The
unity feedbackclosed-looptransfer function can also be obtained using the MAT-
LAB statement[cnum,cden]=feedback(num,den,1,1,-1). Plot the closed-
loop systemstep and ramp responsesand observe(check) the correspondingsteady
state errors. (Hint: In order to find the ramp response,use the MATLAB function
y=lsim(cnum,cden,t,t) with t=0:0.1:30.)

Part 2. Find thevaluefor thestaticgain B suchthatthesteadystateerrordueto the
unit rampis reducedto O&P.QSRUTV�V W ����� . For theobtainedvalueof B , plot thecorresponding
closed-loopsystemstepand rampresponsesandnotice the steadystateunit ramperror
improvement.Also observethe transientstepresponseworsendueto an increasedvalue
of the static gain B . (Hint: Use the sametime interval as in Part 1.)

Part 3. Plot Bode diagramswith the value for the static gain B obtainedin Part
2. Usebode(K*num,den); andmargin(K*num,den) to find the phaseandgain
stability margins,andobservethatthephasemargin is quitepure. Designa PD controller
of the form C E �10&� 
 CYX*Z �>0�� 
[� � B]\ 0 to improvethe phasestability margin suchthat
the controlledsystemhasa phasestability margin close to

� ��^ (seeFigure 12.24 and
note that unity feedbackis usedby the designrequirement).Find the closed-loopstep
responseof the systemcontrolled by the PD controller, and compareit to the closed-
loop stepresponseof the uncontrolledsystemwhosestatic gain B is found in Part 2.



Commenton the transientresponseimprovementof the controlledsystem. (Hint: Try
severalvaluesfor the derivativeconstantin the range _3`ba]c4`ed�_ .)

Part 4. Use a PI controller of the form fFgNhji&k�lGf?m,nohSi&k�lpa?qFrsaut1v�i . Though
the PI controller introducesa negativephaseshift, you still can improve the system
phasestability margin by placing the new gain crossoverfrequencyin the range of
low frequencies.Find the closed-loopstepresponseof the systemcontrolledby the PI
controllerandcompareit to theclosed-loopstepresponseof thesystemcontrolledby the
PD controller. Observethat the PI controller reducesthe systemfrequencybandwidth
( wyx{z getssmaller)so that the systemstepresponsewith the PI controller is slower, that
is, it haslonger rise time. Which controller do you prefer? Explain.

Part 5. Usea PID controllerof the form f g h>i�k�l|f m,n�} h1i&k6l@d�r~a c iUr~a t v�i and
tune the valuesfor a c and a t such that satisfactoryresultsare obtainedfor both the
transientresponseparametersandthesteadystateerrors.Try alsoto achievesatisfactory
stability margins, that is, ������� ��_����j��_���� . Comparethe results obtainedwith the
correspondingresultsobtainedin Parts3 and 4. Which among the three controllers
consideredfor this particularaircraft control problemdo you prefer?
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FIGURE 12.24: Feedbacksystemcontrolledby a dynamiccontroller


