ELE/MCE 504 Homework #2 Spring 09

1. Listed below are state-space models for state-feedback regulators. For each system, obtain a
Nyquist plot and zoom in to see clearly the critical region near the point at -1. Put shading
on the plot and label the points that are used to get the gain and phase margins. Give the
numerical values of these margins.

(a)

A= {0 1 } B= m, K = [21.9024 7.1060]

A= [0 1}, B = m, K = [21.9024 9.1060]
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2. The figure below shows an observer-based regulator with input-multiplicative plant uncer-

tainty.
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Notice that the inputs to the observer are the measured plant output, y, and the signal that
is sent to the plant, y4. The actual plant input u is different from y, unless A(s) = 0. The
stability robustness of this control system is assessed by finding the co norm of the system
with input wy and output y4. Derive a state-space model for this system. Use the state
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3. Consider a MIMO plant with the following state-space model:

r—0.8000 —0.0006 —13.2000 0 —19.0000 —2.5000
% — 0 —0.0140 —16.6400 —32.2000 —0.6600 —0.5000
~ | 1.0000 —0.0001 —1.6500 0 —0.1600 —0.6000
L 1.0000 0 0 0 0 0
[0 0 0 1 <
Y= 1o 0o -1 1
A state-feedback gain matrix has been calculated to be:
K — —0.2526  0.0024 —0.2376 —0.5288
- [ -0.0377 —0.0002 —0.3578 0.1039
Two different observer gain matrices have been calculated:
—0.0720  6.6444 31.6333 —1.1155
G — —46.1888 15.2563 G, — 132.6187 131.7369
P71 35735 28600 |7 T2 | 103710  —6.8511
5.2155  —0.7052 5.1477  —4.6285

(a) Find the stability robustness norm for the full-state feedback regulator.

(b) Verify that the observer poles corresponding to both observer gain matrices are the

same.

(c) Find the stability robustness norms for the two different observer-based regulators.

4. This problem explores the relationships between classical stability margins and the system

infinity norm approach.

(a) If dmax = 1 for a single-input control system, what are the classical stability margins

(UGM, LGM, PM) for that system?

(b) If dmax = 1 for a multiple-input control system, how much gain and phase variation can
occur simultaneously on each input channel before the system goes unstable? [Hint:
consider the matrix transfer function A(s) to be a diagonal matrix with complex num-
bers on the main diagonal. The maximum singular value of such a matrix is the largest

magnitude of the diagonal elements.]

5. For Problem 1 (c), compute (in Matlab) the eigenvalues of A — B¢K for different values of

the number ¢ and perform a search to determine the following.

(a) Estimate the largest value of a real number g such that the eigenvalues all have negative

real parts.

(b) Estimate the smallest value of a real number ¢ > 0 such that the eigenvalues all have

negative real parts.

(c) Let ¢ = e77®. Find the largest value of ¢ such that the eigenvalues all have negative

real parts.

(d) How do the results of (a)-(c) relate to the information given by a Nyquist plot for

Problem 1 (c)?



