Project # 2 — 332:416 Control System Design

A Pitch Controller for a BOEING Aircraft
Projectdue: Thursday,March 2, 2006

PART A: SIMULATION (10 points)

The linearizedequationggoverningthe motion of a BOEING’s commercialaircraft are given by (Messnerand
Tilbury, Control Tutorials for MATLAB and Smulink, Addison Wesley, 1998}

dff) = —0.313a(t) +56.7¢(¢) + 0.2326,(¢)
dfi—(tt) = —0.0139a(t) — 0.426g(t) + 0.02036.(t) )
do(t)
BT 56.7q(t)

whered(t) representshe pitch angle. The correspondingpen-looptransferfunction obtainedfrom (1) is givenby

O(s) 1.151s + 0.1774 1.151(s + 0.1541)
- = = L.151G 2
A(s) 3+ 0.739s2 + 0.921s _ s(s2 + 0.739s + 0.921) (s) )

In this projectwe designan autopilotthatcontrolsthe pitch anglef(¢) of this aircraft. The autopilotis obtained
by forming the closed-loopsystemwith a unity feedbackanda controller of the form KG.(s). For simplicity we
assumehat K = 1.151 K’ so that the open-loopfeedbacktransferfunctionis KG.(s)G(s).

(a) Find the steadystateerror dueto a unit rampinput of the original (X = 1, G.(s) = 1) closed-loopsystem
(G(s)/1 + G(s)). Plot the closed-loopsystemramp responseand observe(check)the correspondingsteadystate
error. Hint: In orderto find the ramp responseusethe MATLAB function y=I si m(cnum cden, t,t) with
t=0:0. 1: 30.

(b) Find the value for the staticgain X suchthat the steadystateerror due to the unit rampis at most 10%
(e59™P = 0.1). For the obtainedvalue of K plot the correspondingclosed-loopsystemramp responseand notice
the steadystateerror improvement. Hint: Use the sametime rangeasin part (a).

(c) For the obtainedvalue of K find the phaseandgain stability magins andobservethat the phasemangin is
pretty pure. Designthe phase-leadontrollerG.(s) to improvethe phasestability magin suchthatthe compensated
systemhasthe phasestability magin closeto 50°. Find the stepresponsef the compensatedystemandcompare
it to the stepresponseof the uncompensatedystemwhosestatic gain X is found in part (b). Commenton the
transienresponsemprovemenbf the compensatedystem.Hint: In orderto be ableto estimatethe valuefor wy, 4,
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 10rad/s. However,in the formulateddesign
problemw, ., is greaterthan 10rad/s.

(d) Designthe phase-lagontrollerto satisfythe stability requirementmposedin (c). Findthe stepresponsef
the systemcompensatedcontrolled)by the phase-lagcontrollerand compareit to the stepresponseof the system
compensatedtyy the phase-leaatontroller. Which one hasa smallerrise time? Which one do you prefer?

(e) Using the SIMULINK package,build the block diagramsfor the systemcontrolled by phase-leacand
phase-lagcontrollers,plot the stepresponse#n both casesand confirm the resultsobtainedin Parts(c) and (d).

Hint: Use and appropriatelymodify MATLAB programsfor Examples9.4 and 9.5.

1 Note thatin the secondpart of this coursewe will study the so-calledlinearizationprocedurethat producesa set of linear differential
equationdrom a setof nonlineardifferential equations.



Part B: CONTROLLER ELECTRONIC BOARD DESIGN (10 points)

Design an electronicboard for the best possiblephase-leactontroller obtainedin Part A. Use operational
amplifiers, resistors,and capacitors. Test the controller using the model for a the BOEING aircraft dynamics.
Note that you haveto build an electronicsimulatorfor the lateral aircraft dynamicsusing operationalamplifiers,
resistorsand capacitors.

RECOMMENDATION
Usetheredwire for + (OpAmps’pin 7), greenwire for — (OpAmps’ pin 4), black wire for ground(OpAmps’

pin 3), and blue wire for signals. Organizeyour boardneatly. This will makethe boardtestingeasy.

TESTING STEP:

=

Checkthe circuit oncemoreto seethat all componentsare presentand properly connected.

2. Usethe squarewave of magnitudeone and large period to imitate the step referenceinput, and a train of
triangular pulses(or the sawtoothwave) for the ramp signal.

3. Checkthe power supply voltagesfor OpAmps. Pin 4 shouldbe —15V andpin 7 shouldbe +15 V.

4. Checkthat the amplifiersare not saturatedsaturatingvoltage betweenpins 2 and 3 is lessthan1 mV (for
OpAmp 741 usedin this design).

5. Be sureto usethe amplifier with the approximativederivative(the outputimpedances a parallelcombination
of a resistorand inductorwith a large time constant(C' 2 small)) insteadof the pure derivative.

6. Breakconnectiorbetweerthe controllerandthe systemmodelandcheckwhich oneis not performingproperly.

7. Testyourcontrollerby usingatriangularwaveinput andobservingperformancesf theintegrator differentiator,
multiplicator, and summingamplifiers. In that processopenthe feedbackioop.

8. If necessaryrun simulationin PSPICE.

REMARK 1:

Sometimegpureintegratorssaturatgintegratorssumthe areabetweerthe signalandthe horizontalaxis). Small
errorsin the input signal over long period of time are integratedinto large errorsin the output signal, which can
causeamplifier saturation.To avoid this problemusethe non-saturatingntegratorobtainedby placingin parallel
with the output capacitora resistorsuchthat the time constantis large (C'R small)

REMARK 2:

Note that the resistorsand capacitorsusedhave accuracyof respectivelys% and 20%, and that their values
are slightly off from the valuesusedin the simulationphase. Despiteto thoseinaccuraciesdue to the feedback
structureof your controller you will be ableto achieveexcellentresultsandthe controlled systemoutputwill be
very closeto the one obtainedin simulation.

PROJECTREPOR

After the successfubesignof the electronicboard observeon the oscilloscopethe following signals: error,
control, outputsignals. Plot thesesignalsandincludethe plotsin your reportandcommenton their values. Estimate
thetransientresponsgarametergndthe steadystateerrorsandcomparethemto the correspondingaluesobtained
in simulation. Your reportshouldin additioncontainthe electronicschemeof the controllerand system discussion
aboutthe necessityto usethe approximativederivativeandthe needto filter out noiseto avoid amplifier saturation.
Attach to the reportone set of the MATLAB/Simulink simulationresultsobtainedin PartA. Give the numberof
hoursthat you neededto completesimulation, design,and testing phases.

The teamprojectreports(preparedastechnicalreports)for PartB are due on Monday, March 27, 2006.



