
 

1.  Problem 8.16 - - Do this problem by hand - - do not use Matlab or any other 
computer tools.  (You can use approximate methods!) 

 

2.  Problem 8.35 - - Use Matlab for this problem. 
 

3.  Problem 8.27 - - Do this problem however you see fit.  Verify that the specifications 
are met on a Bode plot. 

 
 

 
 

4. The autopilot of an aircraft is used to control altitude.  To design the autopilot loop, 
only the long-period airplane dynamics are important.  The transfer function from 
elevator angle to altitude rate is a second order transfer function: 
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The autopilot receives an electrical signal proportional to pressure altitude from 
the altimeter.  This signal is compared with a command signal (proportional to the 
altitude dialed in by the pilot), and the difference provides and error signal.  The 
error signal is processed through a compensator, and the result is used to command 
the actuators of the elevator.  A block diagram of this system is provided in the 
Figure above.  You have been given the task of designing the compensation.  
Consider first KsGc =)( , a simple gain. 

a) Sketch the Bode plot of the open loop system.  Choose a value of K to 
provide a crossover-frequency of  0.16 rad/sec.  For this value of K, is the 
system stable?  If so, what is the phase margin and gain margin? 

b) For your design, determine the steady-state error that would result if the 
command were a ramp of 2 ft/sec. 

c) Now consider a lead compensator of the form 
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 Choose the parameters K, a, and b so the crossover frequency is 0.16 and 
the phase margin is greater than 50 degrees.  Indicate your work on the 
same Bode plot as (a) 

d) What is the steady-state error for this system, for a ramp input of  2 ft/sec?  
How could you improve this with additional compensation?  Suggest (do not 
design) an additional compensator and explain how it would work (e.g.  over 
what frequency range would it be active?). 

 
5. In this problem you will investigate the effects of saturation in Simulink, and 

implement an anti-windup strategy to mitigate these effect.  Start with your 
solution to Problem 4 in Homework 2.  If you don’t have your solution readily 
available, you can use the posted solution. 

 
a) Create a block diagram in Simulink which implements the controller.  Make sure you 

diagram is correct by testing it with a unit step input, and comparing the result to sisotool or 
lsim.m 

 
b) Incorporate a limiter into the system.  This limiter should act on the output of the 

compensator block in your block diagram (see below), and limit the input to the plant to +2 
(upper limit) and -2 (lower limit). 

 
c) Increase the amplitude of the step input until you see saturation causing the overshoot of 

your system to increase.   Because there is no pure integrator in your design, the system will 
not go unstable, but most designs will see significant increases in overshoot due to saturation.  
Now plot the response using twice this amplitude, and use this as your test amplitude for 
part (d).  *NOTE:  If the level of overshoot still looks acceptable to you, your design may be 
more resistant to saturation than other designs – good for you!   To continue the problem, 
however, you will need to use the compensator from HW2 solution, or the one below, 
(100s+50)/(16s+1) – either of these compensators should suffer about 50% overshoot with 
saturation, which is usually considered unacceptable. 

 
d) Add an anti-windup system to your design to improve the transient performance (overshoot 

and settling time) of the controller.  Use the block diagram developed in class (the 
‘deadband’ version is easier to implement).   To do this, you will have to break your 
compensator up into a ‘proportional’ part and an ‘integral’ part.  The ‘integral’ part will be 
a simple low-pass filter + gain, and the ‘proportional’ part will be the remaining transfer 
function, of the form 
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In your solution, include the block diagram of your final system with the transfer 
functions visible in their respective blocks (as below), as well as the step responses 
with and without anti-windup logic. 


