
7.9 MATLAB Experiment on Continuous-Time Systems

Purpose: In this experiment,we analyzetime responsesof a real physicalsystemusing
MATLAB. We study impulse,step,and sinusoidalresponsesof the yaw rate dynamics
under the influence of the rudder for a commercial aircraft, and draw some useful
conclusionsabouttheaircraft’sdynamicbehavior.In addition,by examiningthelocation
of the aircraft eigenvaluesandpoleswe makeconclusionsabout its internal andBIBO
stability. By performingthis experiment,studentswill realizehow simpleandeasyit is
to analyzehigher-orderlinear continuous-timedynamicsystemsusingMATLAB.

A mathematicalmodel that describesthe lateral dynamicsof a commercialaircraft
is givenby a fourth-orderdifferentialequation[16]. Using thenumericaldatafrom [16],
the correspondingdifferential equationis given by

���������
	���
�����������������������	���
���� ������������������	���
 ��� !�"$#������
%&����	���
 ���������$'����
	��(*) �+� ,�'�!�- ����� ��	�� ) �+� #.,�/�- ����� ��	�� ) ����"�"0/���- �1%&� ��	�� ) �+� ��!��.,2-3��	��
where �4�
	�� is the yaw rateand -3�5	�� standsfor the changesin the rudder.

Part 1. Using theMATLAB functionimpulse, find the impulseresponse,that is,
observethe yaw rate changesdue to an impulsedelta signal disturbanceacting on the
rudder, -3�5	�� (76 ��	�� . Plot the impulsetime responsein the range 	98;: ��<�#����>= seconds.
Find the impulseresponseanalyticallyby usingthe methodologyfrom Section7.4. Plot
theobtainedanalyticalresultusingMATLAB, andcompareit with theobtainedsimulation
result (using the MATLAB function impulse).

Part 2. Find the stepresponseusing the MATLAB function step. Plot the step
responseduring thefirst 200seconds.Commenton thephysicalmeaningof theobtained
results. Do you expectthat the aircraft movesto the right when the ruddermovesto
the left andvice versa?Checkthe obtainedsteadystatevaluefor the yaw rateby using
formulas (4.39–40).

Part 3. Assumethat therudderis underwind disturbancesthatcanbeapproximated
by asinusoidalfunction, -��
	�� (@?�ACB ��	�� for thefirst 200seconds.Findandplot theaircraft
yaw ratedynamicsduring that time interval. Estimatethe maximalyaw ratechangedue
to a sinusoidaldisturbancewhosemaximal magnitudeis equal to 1. (Hint: Use the
MATLAB functionlsim(num,den,f,t) with t=0:0.1:200 andf=sin(t).)

Part 4. Examinethe aircraft’s internal stability by finding its eigenvalues.Use
the MATLAB functionroots. Find the aircraft’s transferfunction zerosandpolesand
checkwhethercommonfactorsof the transferfunction numeratoranddenominatorcan
be cancelled.Commenton the aircraft’s bounded-inputBIBO stability.

Comment: Examiningsystemstability shouldbe the first task in any analysisof a
linear system.If the systemis found to be unstable,the systemshouldnot be subjected
to any input; instead,stabilizationtechniquesshouldbe first applied (for example,by
introducing a feedbackloop as presentedin 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 presentationin chapter.

SUPPLEMENT:
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