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Examples

• In the following examples we will
• Examine open loop modes
• Design controller using pole placement
• Compute equivalent compensator
• Perform root locus analysis of feedback loop



Example: F-16 
landing approach longitudinal 
dynamics
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Open loop modes



F-16: PI Control
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Design via 
root locus
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Example: F-16 state feedback
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Design via pole placement – requires an 
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Example: F-16 Rynaski “robust observer”
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Root Locus ( ) ( )( )
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Root Locus 2



Margins



Boeing 747-400
altitude hold controller

Aircraft

Compensator
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Boeing 747 Dynamics (cruise)
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Boeing 747 Open Loop Longitudinal 
Modes-1
>> A=[-0.0064 0.0263 0 -32.2 0;-0.0941 -0.624 820 0 0;

-.000222 -0.00153 -0.668 0 0;0 0 1 0 0;0 -1 0 830 0];
>> eig(A)
ans =

0.0000 + 0.0000i
-0.6463 + 1.1211i
-0.6463 - 1.1211i
-0.0029 + 0.0098i
-0.0029 - 0.0098i

Vertical translation

Short period

Phugoid



Boeing 747 Open Loop Longitudinal 
Modes-2
>> [V,D]=eig(A)

V =
0.0000       -0.0116 + 0.0037i  -0.0116 - 0.0037i            -0.0358 - 0.0176i   -0.0358 + 0.0176i
0.0000      -0.9368 + 0.0000i  -0.9368 + 0.0000i             0.0053 + 0.0026i    0.0053 - 0.0026i
0.0000       0.0000 - 0.0013i     0.0000 + 0.0013i           -0.0000 - 0.0000i   -0.0000 + 0.0000i
0.0000      -0.0009 + 0.0005i  -0.0009 - 0.0005i              0.0000 + 0.0000i    0.0000 - 0.0000i
1.0000       0.1816 - 0.2988i     0.1816 + 0.2988i            0.9992 + 0.0000i    0.9992 + 0.0000i

Vertical translation

Short period

Phugoid



Boeing 747 Inner Loop Design
A=[-0.0064 0.0263 0 -32.2 0;-0.0941 -0.624 820 0 0;-
.000222 -0.00153 -0.668 0 0;0 0 1 0 0;0 -1 0 830 0];
B=[0;-32.7;-2.08;0;0];
C=[0 0 0 0 1];
poles=[0,-2.25+2.99i,-2.25-2.99i,-0.0105,-0.0531];
Kinner=place(A,B,poles)
Kinner =

-0.0008   -0.0054 -1.4845   -0.6517         0
eig(A-B*Kinner)
ans =

0          
-2.2500 + 2.9900i
-2.2500 - 2.9900i
-0.0531          
-0.0105 

Small contribution, so we’ll 
drop these two terms. Thus, the 
implementation does not need 

an observer.

[0,-0.6463+1.1211i,-0.6463-1.1211i,-0.0029+0.0098i,-0.0029-0.0098i]

original poles

qK Kθ



Boeing 747 cont’d
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Outer Loop Design
Computations-1

>> A=[-0.0064 0.0263 0 -32.2 0;-0.0941 -0.624 761 -196.2 0;
-.0002 -0.0015 -4.41 -12.48 0;0 0 1 0 0;0 -1 0 830 0]

A =
-0.0064    0.0263         0  -32.2000         0
-0.0941   -0.6240  761.0000 -196.2000         0
-0.0002   -0.0015   -4.4100  -12.4800         0

0         0    1.0000         0         0
0   -1.0000         0  830.0000         0

>> b=[0;-32.7;-2.08;0;0]
b =

0
-32.7000
-2.0800

0
0

>> p=[-.0045;-.145;-.513;-2.25+i*2.98;-2.25-i*2.98];



Computations 2 
>> K=place(A,b,p)
K =

-0.0011    0.0016   -0.0843   -1.6011   -0.0010
>> eig(A-b*K)
ans =

-2.2500 + 2.9800i
-2.2500 - 2.9800i
-0.0045          
-0.5130          
-0.1450

>> c=[0,0,0,0,1];
>> poles=[-0.0045,-5.645,-9,-10,-11];
>> L=place(A',c',poles)'
L =

-6.5323
915.2339
-2.7283
1.4615

30.6091



Computations 3
>> eig(A-L*c)
ans =

-0.0045
-11.0000
-10.0000
-9.0000
-5.6450

>> Ac=A-b*K-L*c;
>> Bc=L;
>> Cc=K;
>> Gcss=ss(Ac,Bc,Cc,0);
>> Gc=tf(Gcss);
>> zpk(Gc)
Zero/pole/gain:
-0.64364 (s+0.5803) (s+0.004708) (s^2  + 4.517s + 14.29)
--------------------------------------------------------
(s+13.22) (s+5.644) (s+0.004507) (s^2  + 16.9s + 79.2)

Stabilized
Airframe

Altitude
Hold

Compensator-

hh



Computations Summary



Root Locus



Margins
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