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Review of PhD thesis of Ms. Katerina Novakova

The PhD thesis “Static and dynamic mechanical response of piezoelectric composite
shells: Application to acoustics and adaptive optics” provides a study of the capabilities
of active control of the static and dynamic mechanical response of planar structures by
means of attached piezoelectric actuators. Such self-adapting, active-response
mechanical systems integrate sensor and actuator functions into mechanical
components or systems to improve their product features. In particular, this finds
application in damping vibrations and reducing noise when conventional methods have
reached their limits.

The integration of active materials into a variety of host structures known as "smart
materials' is a rapidly advancing research area within the fast-growing branches of
mechanics and control. It bridges the gap between material and product, thus creating
a cross-disciplinary technology. Consequently, the topic of this thesis is of high
contemporary research interest.

Chapter 1 the problem to be solved derives starting with motivation, next it describes
the contribution of the thesis to modern society and finally it gives an overview of the
thesis.

Chapter 2 is devoted to the scientific background of this thesis and the state-of-the-art
technology. This chapter is well written, but in part contains in part data not necessary
for the further comprehension of this work. For instance, on pages 18-20, the
description by acoustic waves starting from eq. (2.19) is sufficient for understanding of
chapter 4.2.2. Furthermore, the resonance frequencies in figure 2.6 are not explained.
Based on a well-done literature analysis, the active piezoelectric shunt damping
method was chosen for noise level reduction through windows in buildings. In this
chapter, an introduction to chapter 6 is missing.

Chapter 3 gives an appropriate analytic description of the fundamentals of active
elasticity control,
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In chapter 4, microfiber composite actuators (MFC) are introduced and numerically
evaluated by finite element modeling (FEM). The author’s approach is in good
agreement with cited previous reports. Moreover, a recently published analytic
asymptotic expansion approach developed for estimation of equivalent electro-elastic
properties of MFCs (Ref. 132, cited by the author, but data not included in the table)
additionally confirms the good agreement of the values calculated in this work with
other computational methods. However, no details of FEM implementation are given
and in particular the computer code used is not specified. Furthermore, this chapter
contains some redundant descriptions (p.54 /chapter 3, p.63 /p.46, egs.(4.21, 4.22)
/egs.(3.33, 3.34)). For convenience of the reader, the equations related to simulation
and theory should be given in figure 4.5 or in the figure caption. Nevertheless, the
evaluation of effective elastic, piezoelectric and capacitive properties of the MFC by
FEM is an appropriate approach to fulfill the objectives of this work. In the last part of
chapter 4, the negative capacitance circuit is considered and the effective Young's
module of the negative capacitance circuit driven MFC actuator is calculated. The
negative shunt circuit is realized as a negative impedance converter circuit exhibiting a
strong frequency dependence which is not matched to the nearly frequency
independent behavior of the MFC. Therefore, the approach of this work provides only
a proof of concept. For practical applications, a more advance negative capacitance
circuitry is required whose frequency behavior is better matched to the MFC (cp. for
instance, B. Mirkovic et al. MIPRO 2012, May 21-25, 2012, Opatija, Croatia, p87).
Chapter 5 is devoted to glass plate noise transmission suppression by means of
distributed MFC actuators shunted by a negative capacitance circuit. The research
methodology is based on a comparison of predictions made by FEM using the
computer code COMSOL with advanced measurements of plate bending by digital
holographic interferometry and an estimate of the acoustic transmission loss of curved
glass plates comprising attached MFC actuators. In the latter case, a soundproof box is
used which consists of a loudspeaker as a source of the incident sound wave. FEM is
performed at a professional level and well documented. The agreement of the model
with experiment is satisfactory. It proves the main features of noise suppression, but it
can be further improved by considering more complex boundary conditions. To sum
up, a proof of concept is demonstrated with two limitations. Firstly, the poor matching
of the frequency behavior of the MFC and the negative capacitance circuit, and
secondly the use of opaque MFCs reducing the effective window area. This gives
room for further investigations.

Chapter 6 which describes the application of the active shape control of planar
structures to adaptive optics is a little bit separated from the other chapters. However,
it demonstrates that the finite element model developed is suitable for a large number
of different applications.

Conclusions summarized in chapter 7 are - in my opinion - too detailed.

It has to been noted that the stated, mostly formal shortcomings do not lower the high
scientific value of this work. Thus, the submitted Ph.D. thesis "Static and dynamic
mechanical response of piezoelectric composite shells: Application to acoustics and
adaptive optics " written by Katefina Novakova is carried out at a high technical and
scientific level. The thesis represents an original investigation. It deals in an



interdisciplinary manner with current topics in the fields of acoustics, applied material
science, and electronics. The solution of the problem and applied methodology are
adequate. The main goals of this work have been achieved.

Mr. Novakové has presented her research results in a number of oral contributions to
prestigious international conferences and at international scientific meetings in Czech
Republic. Three scientific papers were published or communicated to distinguished
scientific journals.

In my opinion, this thesis corresponds to the general requirements to a Ph.D. degree.
Therefore, | recommend to confer a Ph.D. degree on Katefina Novakova after a
successful thesis defense.

Dr.rer.nat. Gunnar Suchaneck
- Senior researcher, Managing assistant of the Solid State Electronics Laboratory




Posudek disertacni prace Ing. Kateriny Novakové
(Skolitel: doc. Ing. Pavel Mokry, Ph.D.)

CONTROL OF STATIC AND DYNAMIC MECHANICAL
RESPONSE OF PIEZOELECTRIC COMPOSITE SHELLS:
APPLICATIONS TO ACOUSTICS AND ADAPTIVE OPTICS

Prace zabyva moznostmi aktivniho Fizeni statické a dynamické odezvy rovinnych nebo mirné
zakfivenych tenkosténnych skofepin prostfednictvim na nich vhodné rozmisténych
piezoaktudtord. Snahou doktorandky bylo ukazat, Ze takto sloZend soustava tzv. chytrym
mechatronickym systémem, ktery lze vyuZit v oblastech akustiky a jemné optiky.

Hodnoceni prace:
Aktualnost zvoleného tématu

Prace se zabyva pokrodilymi tématy, které jsou pfirozenym pokracovanim dlouhodobych
vyzkumnych a badatelskych zajmG pracovisté doktorandky na Fakulté mechatroniky,
informatiky a mezioborovych studii. VyuZitelnost ziskanych poznatk(l souvisi zejména
s komfortem Zzivotniho prostiedi ¢lovéka.

Cil disertacni prace

Cilem préace je na konkrétnich pfipadech ukazat, jak lze fidit a ovliviiovat odezvu systému
slozeného z nékolika materidlovych vrstev, znichz jedna je tvofena aktivnim
piezoaktuatorem, a to vyvolanim vhodné deformace systému, kterou lze ovlivnit vlastnosti
takto slozené soustavy.

Zvolené metody zpracovani

Autorka pro Uspésné zvladnuti tématu provedla rozsdhlou redersi, ktera Cita celkem 150
literdrnich a jinych informacnich tituld. Tyto poznatky uplatnila v teoretickych castech
jednotlivych kapitol. Studovanymi problémy se zabyvala analyticky, numericky i
experimentalné, tj. realizovala fyzikalni méfeni s cilem ovéfit deformacni chovani zejména
numerickych konecné prvkovych modell sloZzenych soustav.

Nové poznatky a pfinosy k rozvoji védy a techniky

Za velice cenny podin autorky povazuji sestaveni FE modelu MFC aktuatoru a analyzu jeho
dynamickych vlastnosti prostfednictvim metody konelnych prvkid. V dalsim pak, jeho
zatlenéni do FE modell sloZenych soustav simulujicich akustické a optické jevy. Ve viech
predstavenych aplikacich se jedna o velice pfinosné metodiky vyuZitelné pro koncepéni vyvoj
predmétnych mechatronickych systémd.



Poznamky a pripominky

Prace je prehledné strukturovana, vydana v anglickém jazyce. Text je dobfe srozumitelny i
¢tenafi s mirné pokrodilou znalosti technické anglictiny. Popisy schémat, obrazkl a tabulek
jsou zfetelné. Z formalniho hlediska nemam k praci zavaznych pfipominek.

Jako uZivatel nékolika vypoctovych systém( metody koneénych prvkd mi v praci chybi
detailnéjsi popis FE modell, a to napf. ve smyslu konkrétné pouzitych elementd, jejich
vlastnosti a nastaveni. Zejména u multifyzikalnich, tj. smiSenych, tzv. coupled simulaci, kdy se
pracuje s riznymi stupni volnosti v uzlech konecnych prvki, je vhodné a Zadouci, aby autor
FE modelu jasné ukazal jak naprogramoval dany problém, jaké techniky modelovéni vyuzival
(preprocessing), jakd byla navigace do FE reSi¢e (processing) a jaké moznosti vyuZil pfi
analyze FE vysledk (postprocessing).

Naméty na diskusi

1. Byly provadény citlivostni analyzy odezvy soustav na vybrané parametry? Pokud ano
na jaké a s jakymi relevantnimi poznatky a vysledky.

2. Byly analyzovany pfesnosti simulaci? Napf. vliv tvaru a poltu elementd, tj. stuprid
volnosti na pfesnost a dobu vypoctu.

3. Mohlo by dojit kselhdni nékterého z materidli soustavy, ve smyslu vzniku
nepfimérené deformace vyvolané zatizenim.

4. Pro jaké klimatické podminky byly analyzy provadény? Jaky vliv mize mit teplota na
funkc¢nost predmétnych mechatronickych soustav?

5. Setkala se doktorandka béhem studia vlastnosti piezomateridlG s pojmy resonance a
antiresonance, které jsou spojovany se schopnosti transformace elektrické energie na
mechanickou praci? Je ji zndma definice tzv. Coupling faktoru?

6. Lze konkrétnéji charakterizovat vyuZitelnost vysledk( této prace v prGmyslové praxi?

7. Muze doktorandka charakterizovat, jaky byl podil jeji vlastni prace na tvorbé FE
modell a na pfipravé, realizaci a vyvhodnoceni fyzikdlnich experimenti?

Zavér

Doktorandka Ing. Katefina Novakovd prokdzala schopnost jak samostatné, tak tymoveé
badatelské praci a po Uspéiné obhajobé prace pred komisi doporucuji, aby ji byl udélen titul

,Ph.D.”

e

doc. Ing. Antonin Poté&sil, CSc. (r

V Liberci 10.6.2013



