7.9 MATLAB Experiment on Continuous-Time Systems

Purpose: In this experimentwe analyzetime responsesf a real physicalsystemusing
MATLAB. We study impulse, step,and sinusoidalresponse®f the yaw rate dynamics
under the influence of the rudder for a commercial aircraft, and draw some useful
conclusionsaboutthe aircraft's dynamicbehavior.In addition,by examiningthe location
of the aircraft eigenvaluesand poleswe make conclusionsaboutits internal and BIBO

stability. By performingthis experimentstudentswill realizehow simple and easyit is

to analyzehigher-orderinear continuous-timedynamicsystemsusing MATLAB.

A mathematicamodelthat describeghe lateral dynamicsof a commercialaircraft
is given by a fourth-orderdifferentialequation[16]. Using the numericaldatafrom [16],
the correspondingdifferential equationis given by
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wherey(t) is the yaw rateand f(¢) standsfor the changesn the rudder.

Part 1. Usingthe MATLAB functioni mpul se, find the impulseresponsethatis,
observethe yaw rate changesdue to an impulse delta signal disturbanceacting on the
rudder, f(t) = 6(¢). Plot the impulsetime responsen the ranget € [0, 200] seconds.
Find the impulseresponseanalytically by usingthe methodologyfrom Section7.4. Plot
theobtainedanalyticalresultusingMATLAB, andcomparét with theobtainedsimulation
result (using the MATLAB functioni npul se).

Part 2. Find the stepresponseausing the MATLAB function st ep. Plot the step
responsaluring thefirst 200 seconds Commenton the physicalmeaningof the obtained
results. Do you expectthat the aircraft movesto the right when the rudder movesto
the left andvice versa?Checkthe obtainedsteadystatevaluefor the yaw rate by using
formulas (4.39-40).

Part 3. Assumethattherudderis underwind disturbanceshatcanbe approximated
by asinusoidafunction, f(¢) = sin (¢) for thefirst 200 secondsFind andplot theaircraft
yaw rate dynamicsduring that time interval. Estimatethe maximalyaw rate changedue
to a sinusoidaldisturbancewhose maximal magnitudeis equalto 1. (Hint: Use the
MATLAB functionl si m( nhum den, f,t) witht=0: 0. 1: 200 andf =si n(t).)

Part 4. Examinethe aircraft’s internal stability by finding its eigenvalues.Use
the MATLAB functionr oot s. Find the aircraft’s transferfunction zerosand polesand
checkwhethercommonfactorsof the transferfunction numeratorand denominatorcan
be cancelled. Commenton the aircraft’'s bounded-inpuBIBO stability.

Comment: Examiningsystenstability shouldbe the first taskin any analysisof a
linear system.If the systemis found to be unstable the systemshouldnot be subjected
to any input; instead,stabilizationtechniquesshould be first applied (for example,by
introducing a feedbackloop as presentedn Section4.4), and then the systemcan be



testedfor variousinput signals. In this experiment,we examinethe systemstability at

the end to be consistentwith the order of presentatiorin chapter.

SUPPLEMENT:

(—p1)(—p2) - (=pn) a0
For f(t) = au(t) < F(s) = a/s, we have

. . . a
Yss = tll)rglo y(t) = }1_13(1) sY(s) = lim {sH(s);} = H(0)a

s—0

(4.39)

(4.40)



