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Pole Placement Method to Move a Equal Poles with Jordan Block to
Two Real Poles Using LQ Control and Pole’s Moving-Range
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Abstract If a general nonlinear system is linearized by the successive multiplication of the 1st and 2nd order systems,
then there are four types of poles in this linearized system: the pole of the 1st order system and the equal poles,
two distinct real poles, and complex conjugate pair of poles of the 2nd order system. Linear Quadratic (LQ) control
is a method of designing a control law that minimizes the quadratic performance index. It has the advantage of
ensuring the stability of the system and the pole placement of the root of the system by weighted matrix adjustment.
LQ control by the weighted matrix can move the position of the pole of the system arbitrarily, but it is difficult to
set the weighting matrix by the trial and error method. This problem can be solved using the characteristic equations
of the Hamiltonian system, and if the control weighting matrix is a symmetric matrix of constants, it is possible to
move several poles of the system to the desired closed loop poles by applying the control law repeatedly. The paper
presents a method of calculating the state weighting matrix and the control law for moving the equal poles with
Jordan blocks to two real poles using the characteristic equation of the Hamiltonian system. We express this
characteristic equation with a state weighting matrix by means of a trigonometric function, and we derive the relation
function (p, 0) between the equal poles and the state weighting matrix under the condition that the two real poles
are the roots of the characteristic equation. Then, we obtain the moving-range of the two real poles under the
condition that the state weighting matrix becomes a positive semi-finite matrix. We calculate the state weighting
matrix and the control law by substituting the two real roots selected in the moving-range into the relational function.
As an example, we apply the proposed method to a simple example 3rd order system.
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