Project # 2 — 332:416 Control System Design

A Pitch Controller for a BOEING Aircraft
Projectdue: Monday, March 8, 2004

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

da(t) _ —0.313a(t) + 56.7q(t) + 0.2326.(t)
dqd—(tt) = —0.0139a(t) — 0.4264(t) 4 0.02036,(t) 1)
o)
— = 56.7¢(t)

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

O(s) 1.151s +0.1774 1.151(s 4 0.1541)
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A(s)  s340.739s> +0.921s  s(s® + 0.739s + 0.921) 51G(s) )

In this projectwe designan autopilotthatcontrolsthe pitch anglef(t) of this aircraft. The autopilotis obtained
by forming the closed-loopsystemwith a unity feedbackand a controller of the form K G.(s). For simplicity we
assumehat K = 1.151K’ 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 K suchthat the steadystateerror due to the unit rampis at most 10%
(e7@mP = 0.1). Forthe 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-leadtontroller. 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: MATLAB programsfor Examples9.4 and 9.5 (postedon the textbookhomepage).

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



