ME451: Control Systems

Lecture 11

Routh-Hurwitz criterion: Control examples
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Stability summary (review)

Let si be poles of
rational G. Then, Gis ...

= (BIBO, asympiotically) stable if
Refsi=0 for all i.
» marginally stable if
v Re(si==0 for all i, and
» simnple root for Re(si(=0
v ynsiable if
it iz meither stable mnor
marginally stable.
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Routh-Hurwitz criterion (review)
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Why no proof in textbooks?

An Elementary Derivation of the Routh—Hureatz Criterion
Ming-Tzu Ho, Ansruddha Datta, and 5. P. Bhattacharyya
IEEE Transacbons on Automatic Control
vol. 42, no. 3, 1888, pp. 405-400.

“most undergraduate students are exposed fo the
Routh—Hurwilz cniterion in their first introductory
controls course. This exposure, however, is at the
purely algonthmic level in the sense that no attempt
is made whalsoever o explain why or how such an
algovithm works.”

Why no proof in textbooks? (cont'd)

“The principal reason for this is that the classical
proof of the Routh-Hurwilz criterion relies on the
notion of Cauchy indexes and Sturm's thecrem,
both of which are beyond the scope of

undergraduate studenis.”

“Routh-Hurwitz criterion has become one of the few
resulfs in control theory that most control engineers
are compelled fo accept on faith.”

Example 1
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= Design K{3) thal stabilizes the closed-loop
system for the following cases.
v Kis) = K (constant)
» Kjs) = Kr+ki's (Pl (Proportional-Integral) controller)

Example 1: K(s)=K

« Characteristic equation
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Example 1: K(s)=Kpr+Ki/s

= Characleristic equation
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= Routh array .
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Example 1: Range of (Kp,Kl)

» From Routh array, 4. -9

K;>0

(1+Kp){9-Kp)-8K; =0

o

Example 1: K(s)=Kr+Kli/s (cont'd)

= Select Kp=3 (<9)
» Routh array (cont'd)

= |If we select different Kr, the range of Kichanges.

Example 1: What happens if Ke=Ki=3

= Auxiliary equation ‘3.,;? +6=0&=as= i\j.i"
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= Dzcillation frequency
v2(rad/sec)
= Period

P
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