(FMMA Book/JRR, JS) 

Example 6.1:   Simulate the given system using SIMULINK.
State equations:



[image: image1.wmf]e

e

e

e

v

v

v

v

q

v

v

v

X

M

Z

v

v

q

X

X

X

M

M

M

Z

Z

v

v

q

d

q

a

q

a

d

d

d

q

a

a

a

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

+

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

0

/

  

0

0

0

1

0

0

0

1

=

/

0

0

/

0

/

0

/

0

/

.

0

&

&

&

                                  (1)
                       Measurement equations:
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where the Z(.), X(.), M(.) ,C(.), D(.) are the aerodynamic parameters. 

  Table 1: Parameter values

	Parameter
	values

	ZSYMBOL 97 \f "Symbol" / v0
	-0.771

	ZSYMBOL 100 \f "Symbol"e
	-0.2989

	Zv/v0
	-0.1905

	MSYMBOL 97 \f "Symbol"
	0.3794

	Mq
	-1.2588

	MSYMBOL 100 \f "Symbol"e
	-9.695

	XSYMBOL 97 \f "Symbol"
	-0.9371

	Xv/v0
	-0.0296

	XSYMBOL 100 \f "Symbol"e
	-0.0422

	X(
	   - 0.0960

	Mv/v0
	      0.1159

	C12 

	 -0.0389

	C31


	2.7546

	C34


	-0.0176

	C41


	-79.9054

	C44


	-19.6844

	D31


	0

	D41


	0
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Figure 6.13:
An unstable aircraft operating in a closed loop [23]

Transfer function of actuator is considered as
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Obtain doublet response of the closed loop solution
Solution 6.1
The control blocks and plant given in the figure are realized in SIMULINK. The simulation is carried out using a doublet input signal with sampling interval of 1 sec. The gains for control block are chosen as following (k1 was nearly one, so not indicated):
k2  = 0.125
k3  = 0.212

k4  = 0.519
k5  = 2.0

k6  = 0.519

k7  = 0.13

k8  = 0.3
k9  = 0.0057
k10 = 0.01

k11 = 0.289

k12 = 1.0
k13 = 0.25

kA  = 20 

The figure shows the time histories of output dynamics of the aircraft with stabilized controller. It can be observed from the figure that the output response gets settled after some transient; hence the controller stabilizes the aircraft. Moreover, the response of the aircraft can be further modified by adjusting gain values judiciously. 
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Figure 6.14:
Time histories of aircraft with stabilized controller
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