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Chapter 6. Stability

Things to know

- The stability of a system represented as a transfer function
- The stability of a system represented in state space
- Determining system parameters to yield stability
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R(s) = 1 + E(s) 3 C'(s)_
_QF s(s+1)(s +2) -

Stable system
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Norman S. Nise, California State Polytechnic
University

Antenna (Ch. 6)

http://www.wiley.com/college/nise/
0471794759/swf/AntenaChapb.swf
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Common cause T
of problems in

finding closed—-loop (a)
poles:

a. original system:;
b. equivalent R(s) 10(s +2) )
system §2 +28s% + 28453 + 123252 + 19305 + 20

(b)

1.Routh, E. J. (1877). A Treatise on the Stability of a Given State of Motion: Particularly Steady
Motion. Macmillan.

2. Hurwitz, A. (1895). "Ueber die Bedingungen, unter welchen eine Gleichung nur Wurzeln mit
negativen reellen Theilen besitzt". Math. Ann. 46 (2): 273-284. doi:10.1007/BF01446812. (English
translation “On the conditions under which an equation has only roots with negative real parts” by H.
G. Bergmann in Selected Papers on Mathematical Trends in Control Theory R. Bellman and R.
Kalaba Eds. New York: Dover, 1964 pp. 70-82.)
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€ Routh—Hurwitz Stability Criterion
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Figure 6.3 Equivalent closed—loop transfer function
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6.5 Stability in State Space
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The eigenvalues of a matrix, A, are values of A that permit aa
nontrivial solution(other than 0) for x in the equation

AX=AX
(I-A)x=0
Solving for x yields,
x=(I-A)" 10
or
adj(LI-A)
Y detMI-A)

We see that all solutions will be the null vector except for the
occurrence of zero in the denominator. The det(AI—A)=0 is the only
case where a nonzero solution is possible.

The values of A are calculated by forcing the denominator to zero.

det(A—-A)=0
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EX 6.11) Stability in State Space

Given the system X 0 3 17 x 10
X —10 -5 —2| %, 0

X1

y=[1 0 0]|x

[Xj

find out how many poles are in the left half-plane, in the right half-
plane, and on the jw-axis.

Sol) Find the det(sI—A)

s 0 O — -1
(sI-FA)=10 s O 2 s - -1
0 0 s 10 —5 —2 s+ 2

~ det(sI-A) = s® — 65 — 7s — 52 =0
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Table 6.18
Routh table for Example 6.11
g~ 1 —77
57 4 3 ~57 —26
47
5! —734 —1 A 0
gV —26

Since there is one sign change in the first column, the system has one
right half-plan pole and two left-half plane poles
=> Unstable system
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Home Work #6 (Due date: two weeks from today)

1. Solve Problem 19(19) on page 325(327) in the text book 7t ed. .
edition) e
2. Solve Problem 31(31) on page 326(328) in the text book.

3. Solve Problems 42(42) on page 327(329) in the text book.

4. Solve Problem 56(55) on page 329(331) in the text book
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