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1. Discipline aim. The aim of the course «Mechanics of coupled fields in material and structural
members» is to teach the PhD student of the basic notions of the mechanics of coupled fields, to
describe and simulate the effects of thermo—electromechanical coupling under vibrations of
structures and their members that are fabricated of the materials with complex composition as well
to teach the how to build the correspondent theories capable to take account for couplings.

Mera maucumumiaina Meroo kypcy «Mechanics of coupled fields in material and structural
members» e o3HallOMIICHHSI acHipaHTiB 13 (yHJAaMCHTAILHIUMHU IMOHATTSAMH MEXaHIKH 3B’S3aHUX
MOJIIB B Marepiajgax 1 €JIeMEHTaX KOHCTPYKI[iH, OINMUCaHHS 1 MOJETIOBaHHS €(eKTiB TepMO—
eJIEKTPOMEXAHIYHOT 3B’SA3aHOCTI MPU KOJMBAHHAX KOHCTPYKIM Ta iX €JIeMEHTIB, BUTOTOBIICHUX 13
MarepiaiiB 13 CKIaJHOI0 CTPYKTYPOIO, a TAKOX 3 MOOYTOBOIO BiAMOBITHUX TEOPIiH, IO BPAXOBYIOTh
3B’SI3aHICTb.

2. Preliminary demands to master or choice of the course discipline

a. To know: basic notions and methods of theoretical mechanics, continuum mechanics, strength
of materials, heat transfer and electrostatics as well the main solution techniques;

b. To be able to: to find the relationship between physical and mathematical models of the
phenomena and objects under investigation as well as between their models and natural
analogues.

ITonepenni BUMoOru 10 onanyBaHHsi 200 BUOOPY HABYAJIBHOI AUCHHUILIIHHU:

a. 3uamu: OCHOBHI TIOHATTS 1 METOJU TEOPETUYHOI MEXaHIKH, MEXaHIKH CYLIUIbHHUX CEPEIOBHIII,
OIOpYy MaTepiajiiB, TEIUIONEPEHOCY Ta EIEKTPOCTATHKH 1 CIOCOOHM pO3B’S3aHHS KOHKPETHUX
MEXaHIYHUX 3a]a4,;

b. Bwmimu: BCTaHOBIIOBATH CHIBBIJHONICHHS MDK (DI3UYHUMH Ta MATEMATHUYHUMH MOJCIISIMH
JOCIIKYBAaHUX 00’ €KTIB 1 IBUII Ta iX MPUPOJIHUMH aHAIOTAMH.

3. Synopsis of the course:

The course «Mechanics of coupled fields in material and structural members» is the discipline
from the list of the student free choice. It provides the professional development of the student and is
aimed to form the skills of application of the general techniques for modeling of the coupled
thermo— electromechanical processes in materials and structural members under forced vibrations in
the vicinity of resonance.

AHoOTAaIil HABYAJILHOI JUCIUITIHA:

JHucrumiina «Mechanics of coupled fields in material and structural members» nanexutb 10
NepeNniKy AMCUUILIIH BiIbHOTO BHOOpY. BoHa 3a0e3neuye npodeciiiHuii po3BUTOK, COIPSIMOBaHA Ha
dhopMyBaHHS HAaBUYOK JUISl 3aCTOCYBAHHS OCHOBHHUX ITIJIXOMIB O MOOYAOBH MOJENIEH 3B’SI3aHHUX
TEPMO— E€JEKTPOMEXaHIYHMX TMpOLECiB B Marepiajax 1 eJeMEeHTaX KOHCTPYKIiH, sKi
CIIOCTEPIraloThCs 32 YMOB BUMYIIICHUX KOJIMBaHb B PE30HAHCHIHN 00J1acTi

4. Objectives of study:

to obtain the knowledge, skills and the newest level competences in the solution of the problems of
mechanics of coupled fields that corresponds to the PhD qualification level. In particular, to develop
the skills to apply the theoretical and practical basics to simulate the coupled thermo-
electromechanical response of the modern materials and structures as well as their members.

3aBaaHHs (HaBYaJbHI 1idi):

HaOyTTs 3HaHb, yMiHb T4 HABUYOK (KOMIIETEHTHOCTEH) Ha PiBHI HOBITHIX JIOCSATHEHb y PO3B’s3aHHI
3a/lad  MEXaHIKM 3B’SA3aHUX TIOJNIB, BIAMOBIJTHO HAayKOBO-OCBITHROI KBamidikamii «JlokTop
¢inocodiin. 3okpema, po3BHBAaTH: 3JaTHICTh 3aCTOCOBYBAaTH TEOPETHYHI Ta IMPAKTHYHI OCHOBH
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MOACIIOBAHHA

3B’S13aHOI  TepMO—

KOHCTPYKIIi/ Ta X €JIeMEHTIB.

eJIEKTPOMEXaHIYHO1

5. Results of learning / Pe3yibsTaT HAaBYaHHS 32 THCHHILTIHOIO:

[MOBEIIHKHA

Cy4acCHUX

Marepiais,

Pesyabrat HaBuanHs (PH)

®opmu (Ta/a60

MeToaH OI[iIHIOBAHHS

BincoTok y

(1. 3uaru; 2. BMiTH; 3. KoMyHikaumisi; 4. aBTOHOMHICTH Ta MeToau i Ta MOPOroBUi . -
. . . o . MACYMKOBIA
BiANOBIiIAJBHICTH) TeXHOJIO0Tii) KpuUTepiii onismi 3
BHUKJIAIAHHS i OoUiHIOBaHHS (32 i .
Kon Pe3yabTaT HaBYaHHS . . JUCHHUILTIHA
HABYAHHSA HeOo0XiTHOCTi)
To know: Basic principles of thermodynamics, First
PH1.1 |and Second Laws of thermodynamics. Entropy.
Clausius-Duhem inequality.
- - — 20%
To know: Thermodynamic framework for constitutive .
- - . . Review defense,
PH 1.2 | modeling. Inelastic materials. Internal variables. :
. . exam, active
Choice of evolution laws. Lectures, articipation in
To know: Heat equation. Properties of state functions Individual plecturr()es oral
at thermodynamical equilibrium. Restrictions imposed work e
PH 1.3 . : answers, tutorial
by the Second Law on the evolution equations for .
. exercises
internal parameters. 20%
To know: Basic equation of coupled thermo-
PH 1.4 | electromechanics. Equations of electrostatics, heat
eqautions.
To be able to correctly chose the evolution equations Review defense,
PH 2.1 | forinternal variables, formulate the coupled problem of Lectures, exam, active 20%
thermo-plasticity under harmonic loading and solve it Tutorials, participation in
To be able to formulate the coupled problem of Individual lectures, oral
PH 2.2 | thermoviscoelasticity under harmonic loading and work answers, tutorial 20%
solve it. exercises
To be able to formulate the coupled problem of
PH 2.3 | thermo—electromechanics under harmonic loading and 5%
solve it.
PH3.1 | Validate the own approach to the problem, discuss with
colleagues the aspects of the model developing and
simulation of the material and structural 5%
thermomechanical response to cyclic (particularly Tutorials,
harmonic) loading, compose the report Individual Review defense
PH4.1 | Demonstration of the authority, innovativeness, high work
level of self-determination, academic and professional
virtue, consistent devotion to the development of new 506
ideas or processes in progressive contexts in the frame
of professional and scientific activity
PH4.2 | Demonstrate responsibility towards the work, incur a
- - 5%
liability of the quality of work

6. Correspondense between learning results and program study results / CniBBigHomeHHs
pe3yJbTAaTiB HABYAHHSA IMCHUILIIHM i3 IPOrpaMHMMU Pe3yJibTaTAMU HABYAHHS

Pesynbratn HaBYaHHS
JUCHMIUIHM | — | o | o | St | | | o9 | | o
— — — — N N N o < <
I . S| DR R | R R =
porpamHi pe3yabTaTH A | A | A A | A A A A A | A
HaBYaHHHA
(3 onucy oceimuboi npoepamit)
ITPH-6. Gain the knowledge, skills and the newest level
competences in the solution of the problems in the field
of mechanics of coupled fields that correspondstothe | + | + | + | + | + | + | + | + |+ | +
PhD qualification level; develop the skills to apply the
theoretical and practical basics to simulate the coupled
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thermo— electromechanical response of the modern
materials and structures as well as their members

7. Cxema ¢popMyBaHHS OUiHKH.

7.1. ®opmMu OLiHIOBAHHA 3100yBaYiB OCBITHBO-HAYKOBOI'0 CTYIICHS:

- OI[IHIOBAHHSI BIIPOJ0BK HABYAJIBHOIO Mepioay:
1. Akmuena poboma na nexyii, ycui sionosi: PH1.1, PH1.2, PH1.3, PH1.4— 10 6aniB/6 6anu;
2. Bukonamnns 3asdamns, eunecenux na camocmiuny pooomy: PH2.1, PH2.2 — 10 6aniB/6 6amnu;
3. Peghepam, 3axucm pegpepamy: PH1.1, PH1.2, PH2.1, PH2.2 — 40 6anis/24 Ganu;

- NiICYMKOBe OLIHIOBAHHS: €K3aMEH.
- MaKCUMANbHA KiTbKicmb 6a1ie aKi Modxcyms oOymu ompumani: 40 Ganis;
- pe3yibmamu HaguauHs sKi 6yoymse oyintosamucs: PH1.1, PH1.2, PH1.3, PH1.4;
- hopma nposedenns i 6uou 3a60aHb: YCHO—TIHUCbMOBA (hopMa.

Jliist 3m00yBaviB OCBITHBO-HAYKOBOTO CTYIICHS, SIKI HAOpaM CyMapHO MEHIITY KiJIbKICTb OaliB HIX
KpumuuHo-po3paxyrkosuti minimym — 20 6anie jist onepkaHHs ICIHUTY 3a PillleHHsM Kadeapu He JOMyCTUTH
JI0 CKJIQJIaHHS ICTIUTY 13 PEKOMEH/IAIIEI0 3/1aTH KOHTPOJIbHI pOOOTH Ta 3aXHCTHTH MPOEKT JI0 TTIOBTOPHOTO
CKJIQJIAHHS 1CTIUTY.

PexomennoBanuii MiHiMyM — 36 GaiB.

7.2. Opranizanisi OHiHIOBAHHSA:
OOOB’SI3KOBUM € BHKOHAHHS 3aBIaHb, BHHECEHHX Ha CaMOCTIHHY pOOOTYy, Ta MOMYJIBHHX
KOHTPOJIbHUX PoOiT 3a rpadikoM podoUoi mporpamu.

VY yactuny 1 Bxomats Temu 1 - 4, y yactuny 2 — temu 5 — 8. OOOB’SI3KOBUM ISl €K3aMEHY €
BHUKOHAHHS YCIX KOHTPOJILHUX POOIT Ta 3aXMCT MPOEKTY JI0 BKA3aHOI BUKJIA/IAueM JaTH, Iepe OYaTKoOM
eK3aMeHalliiiHol  cecii, 3riHO HaBYANBHOrO IUTaHy. llepermucyBaHHS UM TIEPECKIAJaHHA TeM HE
NPAKTUKYEThCS. JI03BOMAETHCSA 371a4a OKPEMHX 3aBIAHb MOMYIBHHX TEM Yy MPOMDKKAX MDK HaIMCaHHSIM
MOJIYJIBHUX KOHTPOJBHUX POOIT (HalpuKiIaj, Tepiia Tema 3a€ThCsl 10 37adi HACTYIMHOI MOJIYJIBHOI
KOHTPOJIBHOT pOOOTH Y OYyIb-SIKHIA 3pyIHUH JJ1s1 BUKJIA/Ia4a Ta CTYJCHTA Jac).

Tepminn npoBenenHst popm oniHIOBaHHS:

1. 3axucm peghepamy: 0o 10-20 musichsa HaguanbHo20 nepiooy.

VY BumazaKy BIICYTHOCTI 3 TMOBOKHUX TMPUYMH BIINPAIFOBAHHS Ta Iepe3/iavi KOHTPOJILHI poOOTH
3MIHCHIOIOTHCS Y BiOBITHOCTI 110 «I [0JIO’KEHHS PO OpraHi3aliito OCBITHOTO MPOLIECY.

7.3. IIkaja BianmoBigHOCTI OLIHOK

Bigminno / Excellent 90-100
Hoope / Good 75-89
3agosinbHo / Satisfactory 60-74
Heszanosinbuo / Fail 0-59

IIpu BU3HAYeHi OLIHKM BH3HAYAJIBLHOK € podoTa B cemecTpi. [licis 3aBepiieHHsT PO3TIISALY
TEM MPOBOSTHCS TUCHMOBI KOHTPOJIBHI pOOOTH Ta TEOPETUYHE OMMUTYBAHHS.
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8. STRUCTURE OF THE DISCIPLINE. THEMATIC PLAN OF LECTURES AND
TUTORIALS (CTPYKTYPA HABYAJIbHOI JUCHUILIIHU. TEMATUYHUN ILIAH
JEKIIIA I MIPAKTUYHUX 3AHSTH)

KinnkicTh rognn
Amount of hours

Lecture title (Ha3Ba Jekiii)

Jlexuii
Lectures

[Tpakr.
Tutorials

CamMmocriiiga
pobora
Individual
work

Part 1 (UacTtuna 1). «Basic principles of therm

odynamics

and mechanics»

Theme 1. Introduction. Temperature. Absolute
temperature. Heat and heat flow. State variables and
state functions -Introduction to the First Law. First law
of thermodynamics.

Individual work:

Ideal gases. Reversible and irreversible processes.

12

Theme 2. Introduction to the Second Law. Second Law
of thermodynamics. Thermodynamic temperature scale.
Entropy - Clausius's inequality. Maximum entropy at
thermodynamic equilibrium. The Second Law and the
Clausius-Duhem inequality.

Individual work:

Efficiency of various heat engines. The Carnot process.
Various approaches to thermodynamics

12

Theme 3. Thermodynamic framework for constitutive
modeling. Thermo-elastic materials. Inelastic materials -
Internal variables. Choice of evolution laws. Fulfillment
of the mechanical dissipation inequality.

Individual work:

Direct approach. Onsager approach. Potential approach

12

Theme 4. Heat equation. Properties of state functions at
thermodynamical equilibrium.

Individual work:

Restrictions imposed by the Second Law on the
evolution equations for internal parameters

12

Part 2 (YUactuna 2). «Coupled thermo-electromechanics»

Theme 5. Piezoeffect. Piezoceramics. Electro-statics.
Equations of electrostatics. Elecrtoelasticity. Equations
of electroelasticity.

Individual work:

Plane problem of electroelasticity. Axisymmetric
problem of electroelasticity.

12

Theme 6. Thermo-plasticity. Change of material
parameters with temperature. Equations of thermo-
plasticity. Specific heat.

Individual work:

Solution of coupled thermo-plasticity. Thermal field
equations. Mechanical field equations.

12

Theme 7. Thermo-viscoelasticity. Cyclic loading.
Complex moduli concept. Problem statement of
resonant vibrations and dissipative heating of

2

12
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viscoelastic solid under harmonic loading.

Individual work:

Solution of coupled thermo-viscoelasticity. Thermal
field equations. Mechanical field equations.

Theme 8. Coupled problem of thermo-
electromechanics. Problem statement in the case of
harmonic loading. Cyclic response. Amplitude-
frequency characteristics.  Temperature—frequency

. 2 12
characteristics.
Individual work:
Example. Vibration and dissipative heating of the
beam with piezoelectric sensors and actuators
Review defense 2
TOTAL 18 4 26

Total duration / 3araasuuii 06°em 120 hours, namely:
Lectures/JIekmiii — 18 hours,

Tutorials/ITpakTuuni — 4 hours.
Consultations/Koncymnprartii - 2 hours.

Individual work — 96 hours.

™=

~

Recommended sources / PexkomenoBaHi xkepena
Main / Ocnoeni.
Ottosen N.S., Ristinmaa M. The mechanics of constitutive modeling. — Elsevier, 2005. — 745 p.
Ziegler H. An Introduction to Thermomechanics. — Elsevier, 1983. — 355 p.
Tzou H.S. Piezoelectric Shells: Distributed Sensing and Control of Continua. — Kluwer, 1993. —
496 p.
Wilmanski K. Thermomechanics of continua. — Springer-Verlag Berlin Heidelberg, 1998. — 276
p.
Maugin G.A. The Thermomechanics of Plasticity and Fracture. — Cambridge University Press,
1992. — 350 p.

Additional / Jooamkoei:

Carslaw H. S., Jaeger J. C. Conduction of Heat in Solids. — Oxford University Press, 1959. — 510
p.
Parkus H. Thermoelasticity. —Springer-Verlag Wien, 1976. — 119 p.

Hashemi M., Zhuk Y. A. Thermomechanical Stability and Thermal Fatigue Failure of
Nanocomposite Structural Elements under Static and Cyclic Loading. — LAP LAMBERT
Academic Publishing, 2018. — 208 p.
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