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Out: Sept. 19
Due: Sept. 26

PROBLEM:

A commercially available "auto-pilot" for sailboats consists of a magnetic compass bearing
sensor, an electronic control system, and a motorized drive to the rudder that steers the boat.
Many of these units fail and become unstable in severe wind and sea conditions. You have been
hired by Windjammer Electronics to design an improved auto-pilot.

NORTH

Experimentation has shown you that, under severe conditions, the yaw characteristics of a typical
sailboat can be modeled as:
G,(9)= 6(s) - s+1

a(s) s°(s-0.1)

where a is the rudder angle, O is the boat heading.

The closed-loop system should be designed as shown below. The voltage corresponding to the
measured heading 0 from the compass is compared against a voltage corresponding to the
desired heading angle 64. This voltage difference e (corresponding to heading error) is then fed
into the controller block, which generates an output voltage to drive the rudder motor.
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i)

The auto-pilot must maintain the course, (which you can interpret to mean zero
steady-state error to a step or ramp heading angle reference input 04).

11) The damping must be "reasonable," and the response to a step change in heading

angle must be sufficiently "fast". Assume that the largest step change in angle is 90
degrees.

iii)  Peak voltage to the rudder motor must not exceed 12 V (from an on-board battery).

There are three possible controllers to consider:

a)

b)

d)

e)

1)  Proportional (P): G¢(s)=K
2)  Proportional-derivative (PD): G(s) =K(s + a)

-+
3)  Proportional-integral (PI): G_(s) _KGth)
s

Show that the proportional controller (which the cheapest auto-pilots use) is not capable of
producing a stable closed-loop system with the given plant model.

Investigate the potential for closed-loop system stability using the PD and PI controllers.
(Use root-locus sketches to justify your answer.)

From your answer to (b), design a controller that will meet the technical specifications.

Simulate the response of your closed-loop system to a 30-degree change in heading using
MATLAB. Does your system meet the specifications?

While testing your electronic controller with real hardware, you notice that, on rare
occasions, the boat makes sudden large heading changes. After further analysis, you
discover that the compass was sending out erroneous heading information. Since you have
already signed off on your design to your boss, the order for the compass sensors has
already been processed. What do you do? (Please provide 3 alternative courses of action
and a reasoned discussion of how you arrived at your choice.)
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