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Predkladand dizertaéna préca v anglickom jazyku ma 163 stran. Praca mé okrem
uvodnych a zdvereénych &asti Styri kapitoly. Podstatné asti prace su v tretej kapitole,
v ktorej sti uvedené teoretické zaklady identifikicie a automatického riadenia spojitych
procesov av Stvrtej kapitole v ktorej sii uvedené okrem iného modely chemickych
reaktorov, adaptivne riadenie reaktorov zaloZzené na umiestneni polov a prediktivne
riadenie bez adaptacie.

Aktualnost’ dizertaénej prace

Dizertacna praca sa zaobera vyuZitim niektorych metdd automatického riadenia pre
vybrané typy chemickych reaktorov. Chemické reaktory patria vo vieobecnosti do triedy
nelinedrnych procesov. Navrh algoritmov riadenia nelinearnych procesov je stale
predmetom vyskumu na mnohych pracoviskich vo svete. T4to problematika nie je
uzavreta a preto pokladam tému dizertadnej prace za vePmi aktualnu.

Splnenie ciel’ov stanovenych v dizertaénej praci

V druhej Casti prace dizertant sformuloval tri zakladné ciele dizerticie. Ciele su
stanovené reélne. Vzhladom ktomu, Ze v praci sa skima len jeden typ rarkového
reaktora prvy ciel’ mohol byt formulovany skromnejie. Je mozné konstatovat, e ciele
prace boli splnené.

Postup rieSenia problémov, vysledky dizertacnej prace, prinos doktoranda

Tretia Cast’ prace obsahuje teoretické zéklady prace a sklad4 sa z hlavnych podkapitol
venovanych modelovaniu asimulacii procesov, identifikdcii a riadeniu a zdkladnym
typom chemickych reaktorov. Tedria je tu opisand v logickej nadviznosti tak ako to
vyZaduji potreby analyzy a ndvrhu automatického riadenia procesov. Podrobnejsie boli
opisané len tie metddy, ktoré dizertant vyuZil v experimentalnej &asti prace.

Stvrta &ast’ dizertacie je nazvana ako experimentalna ¢ast. Je rozdelena do troch
zakladnych podkapitol. Prva z nich je venovana reaktoru s idealnym mieSanim, druha
rarkovému reaktoru. V tychto podkapitolach dizertant opisuje model prislusného
reaktora, vypocet ustalenych stavov, staticki a dynamicki analyzu pre téely adaptivneho



a prediktivneho riadenia. Vysledky si prezentované na vel'mi dobrej arovni. Vysledky
simuldcie riadenia poukazuji na pouZitelnost adaptivneho a prediktivneho riadenia.
Posledna tretia kapitola je venovana riadeniu laboratérneho prietoéného chemického
reaktora s mie$anim. Je $koda, Ye sa nepodarilo prezentovat’ vysledky riadenia procesu
s typickou chemickou reakciou.

Vyznam price pre prax alebo rozvoj vedného odboru

Riadenie procesov so silnymi nelinearitami, medzi ktoré patria aj chemické reaktory je
v praxi doteraz problematickou zéleZitostou. Predkladana dizerta¢na praca je prispevkom
k moznostiam uplatnenia adaptivneho riadenia, ktoré je kombinaciou modernych metdd
syntézy riadenia a priebeZnej identifikacie pri riadeni chemickych reaktorov.

Publikaéna ¢innost’ doktoranda

Doktorand méa velmi dobra publikaénii aktivitu na konferenciach. M4 dve ¢asopisecké
publikacie.

Pripomienky a otazky

1. Zakej teoretickej podstaty vyplyvaji dve spektralne faktorizacie (str. 67)
v pripade stavovej, resp. vsupno-vystupnej syntézy.

2. Co branilo vysledky prace prezentovat’ na pripade procesu s typickou chemickou
reakciou.

3.V préaci by mohol byt uvedeny povodny zdroj rovnice (4.29).

4.V rovnici (3.23) chybaju zagiato¢né podmienky.

5. Definicia prenosovej funkcie (3.26) je asi v anglittine napisana nespravne.

Zaver

Celkovo pracu hodnotim ako velmi dobrii a z toho dévodu ju jednoznaéne odportiéam
k obhajobe.

V Bratislave, 2.10.2007
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The thesis is concerned with the problem of control for some nonlinear plants, particularly for
different types of chemical reactors, using modern control methods. In order to design a suitable
controller it is first necessary to obtain some models of the chemical reactors and analyse both
the steady state and dynamical behaviour by simulation. These models are generally nonlinear,
with non-minimum phase and time delay and, sometimes, with changing sign of the gain; so, is
difficult to control it with conventional methods and the author uses some modern control
methods (adaptive and predictive control).

The main objectives of this thesis are:
» To perform static and dynamic analyses of different types of stirred and tubular reactors;
» To prepare different modern control algorithms to control these chemical reactors and
verify the obtained performances by simulation;

» To verify the proposed controllers from the simulation part on a real model of the
continuous stirred tank reactor.

The thesis is structured in five chapters:

The first chapter contains an overview in the research area of modelling, simulation,
identification and control, particularly for chemical plants.

In the second chapter, the author formulates the main objectives of this thesis.

The third chapter is dedicated to the theoretical framework used in this thesis. First, the
theoretical background of the modelling, simulation, static and dynamic analysis it is presented.
Then, the problems of identification and control are approached. Here, the author describes the
adaptive control method based on choosing an external linear model of the original nonlinear
system whose parameters are recursively identified during the control. The polynomial synthesis
method using pole-assignment is used both for one degree-of-freedom and two degree-of-
freedom control system configurations. Another modern control method presented here is the
generalized predictive control. In the final part of this chapter, the main types of chemical
reactors are described.

In the fourth chapter, all the theoretical methods presented in the previous chapter (modelling,
static and dynamic analysis, adaptive and predictive control) are applied for two types of reactors
(continuous stirred tank reactor and tubular chemical reactor). The simulation results are
compared with those obtained from the real model of a continuous stirred tank reactor. The best
results of each control strategy are outlined.

The last chapter is dedicated to conclusions and discussions about the obtained results.



The author uses some own functions in order to integrate the set of Ordinary Differential
Equations and proposes some solutions to overcome the problems that appear at the beginning of

adaptive control when the controller has not enough amount of information about the controiled
system.

The list of references is adequate and fairly complete.

The publications list of the PhD student contains 25 conference papers (as author or co-author)
and 2 journal articles related to the thesis theme.

Concerning the style, the thesis is well written and concise.

After studying the thesis and the student publications list, I consider that PhD student is a fully
developed scientist and is able to do a creative research activity.

In conclusion, I consider that the thesis “Chemical Reactors: Modern Control Methods”

elaborated by Ing. Jifi Vojtések fulfils the requirements of this type of work and I recommend
to be accepted for discussion in the exam and awarding the candidate the title of doctor (PhD).

Craiova, 10.09.2007 Prof. Dan Popescu, PhD



