ECE-320 Linear Control Systems
Homework 6

Due: Tuesday October 19, 2004

For the following three problems, it is useful to remember

e our compensator has the form G.(s) = ]jgg, where B(s) = By + B1s+ ... and A(s) =
AO —+ AlS + ...

e the plant has the form G,(s) = N(s)/D(s), where N(s) = Ny + Nys+ ... and D(s) =
Do + D18 + ...

e The desired characteristic polynomial for the closed loop transfer function is Dy(s) =
Fo+ Fis + Fys? + ...

e To determine the equations to solve set
A(s)D(s) + B(s)N(s) = Dy(s)
and equate coefficients of s. This will give you the system of equations to solve.

e To use the compensator to make a system a type one system, set Ay =0

For the plant
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show that the first order compensator that will put the closed loop poles at —1 4+ j and -3
is G.(s) = 2.

For the plant
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Assume we want to place both closed loop poles at -4 and also have a type 1 system. Show
that the first order compensator that will do this is given by
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For a plant like the systems we have in lab with transfer function given by
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a) Show that the first order compensator that places all three closed loop poles at -5 is given
by
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Note that the numerator of this compensator make it pretty useless for tracking a step input.

b) Show that the second order system that places all four closed loop poles at -5 and produces
a type 1 system is given by
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use the program diophantine.m on the web site to construct both a first and second order
controller to meet the desired constraints:

e the settling time is less than 0.5 sec
e the position error is less than 0.2 cm
e the percent overshoot less than 25%

e the magnitude of the real part of the closed loop poles is less than 100.



The program diophantine has the following input arguments

the amplitude of the step input (in cm)

the system transfer function, in the form
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the location of the desired closed loop poles as a row vector (three poles for a first
order controller, four poles for a second order controller)

the order of the controller (1 or 2). If a second order controller is chosen, one pole will
be automatically placed at the origin, making a first order system

the final time to run the simulation to

the filename containing the ECP data. If the ECP data is not yet available, enter
(two single quotes).



