Routh’s Stability Criterion

Great method for finding out about the stability of a system without actually solving for the roots of the
polynomial.

Characteristic Equation: A(s) =s™ + als"_l + azs"_z +--+a,_1s+a,

Necessary (but not sufficient) condition for stability is that all the coefficients {a;} of the characteristic
polynomial be positive.

e Missing (zero) or negative coefficients imply poles outside of LHP
e If3a; <0, then not stable, but if Va; > 0, not necessarily stable.

Routh’s method: computation of a triangular array function of {a;}
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A system is stable if and only if a/l the elements in the first column of the Routh array are positive.

e Ifall elementsin 1* col are +, then all the roots are in the LHP
e If not all are positive, then there are n roots in the RHP, where n = # of sign changes in col



Special case 1: If only the first element of one of the rows is zero

e Replace zero with small positive constant &
o Apply stability criterion by taking the limitsas e = 0

A(s) =s°+3s* +2s3+6s2+6s+9
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Special case 2: When an entire row of the Routh array is zero

e Form auxiliary equation from previous non-zero row
A1(S) = Bys + Brst 1 + B3siT3 + - where {B;} is of the (i + 1) row in the array

e Replace it" row by the coefficients of the derivative of the auxiliary polynomial
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