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Abstract: a lot of tasks related with control systems analysis settled by root evaluating. This paper contains the
author’s opinion about estimating the systems lowest frequency complex conjugate poles. The proposed method
uses the characteristic equation coefficients values to sum up the frequency and g-factor of complex conjugate
poles. Based on Routh—Hurwitz stability criterion this evaluating way is applicable to free degree characteristic
equation. The proposed method has been tested and endorsed by comparison with the test simulation and
physical model experiments for a few common cases.
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Annomayun: MHONCECBO MEMOO08 AHANU3A CUCTNEM ABMOMAMUYECKO20 Pe2yIUPOBaHUs UCHOTb3YIOM
KOpHesble oyeHKu. B nacmoswyeil pabome npednodicen Memoo OYeHKU 4acmomsi u 0obpomuocmu Hauboiee
HU3KOYACMOMHBIX — KOMNJLEKCHO-CONPSIJCEHHIX — RONIOCO8 N0 KOI(pduyuenmam  Xapaxmepucmuiecko2o
ypasuenusi. Tlpeonosicennviii Memoo 6azupyemcs Ha 6bINOIHeHUU Kpumepus ycmouuusocmu Payca-Typsuya u
Modicem Oblmb npumMenen Olisi XAPAKMePUCMU4ecKo20 YPAGHeHuUs. Npousgonbiou cmenenu. IIpednoscennulil
Memoo anpoduposan nymem CpAaGHeHus: ¢ pe3yibmamami. MAmemMamuiecko20 U u3U4ecko20 Moo eauposaHisl
07151 psA0A PACHPOCIPAHEHHBIX YACMHBIX CIYHAE8.

Knwuesvie  cnosa:  cucmema — agmomamuueckozo — pecyiuposanusi, — kpumeputi  Payca-I'ypeuya,
Xapaxmepucmuieckoe ypaeHeHue, OOMUHUPYIOWULL NOTIOC, 00OPOMHOCHb, AHANU3 KAYECMEd, NPUOTUICEHHbIE

Gopmynvl, Henumelinvie ancebpauyeckue YpPAasHeHus, peuleHue 2NAOKUX HEeAUHElHbIX 3a0ay, KOMNIEKCHO-
conpsicennble KOPHIU.

Abbreviations

CS — control system;

LT - Laplace transform;

PLL — phase-locked loop;

PID — proportional-integral—derivative controller;

SPM — scanning probe microscope.

Introduction

Mathematical formalization of technical systems leads to integrodifferential equations. LT result is the
describing model contains of nonlinear algebraic equations. Because of analysis needs there is the common
necessity of the high-order algebraic equations root characteristics investigation. The way to estimate the cubic
polynomial roots was proposed at [1-3]. The introduced formulas extended for the fourth degree equation roots
Q-factor study in case of technical systems analysis [4]. A method of evaluating the roots of the private class of
nonlinear algebraic equations with positive coefficients for the case of substantially different roots abs, among
which there is at least one pair of complex-conjugate roots, proposed at [5]. All of this methods are particular
and somewhat application limited. So the actual task is to extend the above methods application for the more
general cases. One of such ways in case of control systems (CS) is reflected by the current paper. There is a
method for the frequency and Q-factor estimating by the coefficients of the CS characteristic equation in case of
the lowest frequency complex conjugate poles and real root domination below.



Proposed method
Routh—Hurwitz stability criterion [6] could be formulated as:
The characteristic equation

aXx"+ax+ax"?+---+a x+a =0 (@
have no roots in the right-half plane if and only if the leading coefficient is positive (a, > 0) and each of
principal minors is positive:
A >0,A,>0,...,A >0. (2)
In case of biquadratic equation
2
a,x +ax+a,=0 @3
Routh—Hurwitz stability criterion met if
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Thus the complex conjugate roots lets be described by its frequency ), and Q-factor (], given by the
following formulas
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In case of cubic equation
ax’+ax’+ax+a,=0 ()
Routh—Hurwitz stability criterion met if
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In case of real root domination [1, 8] the frequency ), and the Q-factor (], of complex conjugate roots may
be discovered as

. az _ az aoaz
= | Q=
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This result extends to the case of higher orders of the characteristic equation. The authors research has shown
that the lowest frequency complex conjugate poles may be estimated by the following simple formulas (in case
of real root domination which is appreciate for CS):

a'2 a2 aOaZ
Q== b=
a Az

Using the above formulas allows the rapid and easy-to-understand CS quality analysis.

Conclusion

The proposed frequency and Q-factor of the lowest frequency complex conjugate poles estimation method
based on the control system’s characteristic equation coefficients values is a logical continuation and
generalization of the previous works of the authors in the field of short time CS design. The obtained results
could be extended for the broadband and pulse amplifiers, active filters, mechanical resonance systems analysis,
etc.

The proposed method has been tested and endorsed by comparison with the test simulation and physical
model experiments for the following common cases:

— frequency range estimation of active biquadratic section based on operation amplifier chips [7];

— simple regulator’s type and parameters validation to ensuring aperiodic transients in CS obeying a
mathematical model with cubic characteristic equation [8-9];

— PID tunning in case of synthesis the CS with aperiodic transient [10];

— SPM control system analysis [11-12];

— PLL based on LTC6945 chip simulation [9].

The obtained results used to increase the characteristics of developed measuring equipment (with the
participation of NRNU MEPhI Department of Electronic Measurement Systems).
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