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Welcome Letter

Dear Colleagues,

We would like to personally encourage each of you to join us at IEEE Second International
Scientific Conference Data Stream Mining and Processing (DSMP’2018), which is held in Lviv
- Kryve Ozero, UKRAINE, 21-25 August, 2018. Our main goal is not only to provide an
opportunity for networking and learning recent scientific achievements but also a chance to
be involved in real time panel discussions with IT representatives to review and discuss their
practical outcomes on real projects.

The DSMP is organized by IEEE Ukraine Section, IEEE Ukraine Section (Kharkiv)
SP/AP/C/EMC/COM  Societies Joint Chapter, IEEE Ukraine Section (West)
AP/ED/MTT/CPMT/SSC Societies Joint Chapter, IT Step University, Ukrainian Catholic
University, Lviv Polytechnic National University, and Kharkiv National University of Radio
Electronics.

Agenda of the DSMP’2018 is very rich. This year we have nominated a 120 number of
accepted papers coming from about 27 countries which makes DSMP a truly international
high impact conference. Major highlights of DSMP’2018 are its keynotes speakers. This
conference proved to be extremely important given the fruitful dialog and a chance to
exchange ideas and sharing valuable hands-on experience.

This year program is based on the following topics: Hybrid Systems of Computational
Intelligence, Machine Vision and Pattern Recognition, Dynamic Data Mining & Data Stream
Mining, Big Data & Data Science Using Intelligent Approaches and also panel with
participation of IT Companies.

We are proud of the fact that DSMP proceedings have been included into the IEEE Xplore
Digital Library as well as other Abstracting and Indexing (A&I) databases (Scopus, Web of
Science and etc.). High quality of the DSMP program would not be possible without the
contribution of authors, keynote speakers, organizers, students, 53 reviewers who devoted
a lot of enthusiasm and hard work to prepare papers, presentations, organization
infrastructure and carefully review all submissions. We are very grateful for their efforts.

We would like to thank each of your for attending our conference and bringing your expertise
to our gathering.

We would like to express our gratitude to our partners and sponsors for being so generous
and sponsoring our conference.

We wish all participants an excellent conference, fruitful discussions and pleasant
stay in Lviv and Conference venue.

Sincerely

Yuriy Rashkevych Yevgeniy Bodyanskiy éélg
. L
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Abstract—The paper presents the construction and analysis
of vibration problem of thermoviscoelastic shells under the
influence of non-stationary heat and under forced loads. The
studied model was based on application of simplest finite
element semidiscretization to mixed variational problem of
dynamical thermoviscoelasticity. The problem in addition to
the mutual influence of temperature field and stress field is
also taken into account the viscoelastic properties of the
material thin wall body. For assumptions quite suitable for
applications we prove the well-posedness forthis model of time
harmonic vibrations.

Keywords—initial-boundary  value  problem, thermo-
viscoelasticity, material with short-term memory, variational
formulation, semidiscretization, well-posedness of problem,
Galerkin discretization.

1. INTRODUCTION

Mathematical modeling methods of thin-walled
structures that are wunder forced, temperature and
electromagnetic loads are wide tools base of continuum
mechanics and its engineering applications.

Last time, well developed analytical methods for solving
this class of problems are actively complemented by methods
of computational mathematics and computer simulation, the
successful application of which often requires revision and
supplementation of classical models, for example, shell
theory, developing appropriate software. The filling of
mechanics with an intensive influx of engineering problems,
for example, with smart materials, makes studies in this field
relevant and timely.

In authors’ previous articles [2] a development and
analysis of the dimension reducing methods for heat
conduction problem and thermoelasticity problem for thin
flexible bodies have been investigated.

In work [6] theory of thermoviscoelastic thin wall
elements for dynamical problems was considered. In this
article, similar techniques as in [7] are applied to the problem
of forced vibrations of thermoviscoelastic shells [7].
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II. PROBLEM STATEMENT

Let be the bounded connected domain De R" of points
Xx=(x,Xy,...,X,) with Lipschitz-continuous boundary
oD=S , and n={n }?:1 is unit outer normal vector
Also
[0,7],0<T <+eo . Notation {(F.(x,0)}3, is a vector of
volume mechanical forces, a vector of surface mechanical

n; =cos(n,x;) . let us consider time interval

loads 6 = {0;(x, t)}?zl on the boundary S; C .S, represents
volume heat forces g=g(x,?) Like in
thermoelasticity problem, our goal is to find vector of elastic
U={U;(xn}  and
increment 6(x,¢), which satisfy the following equations in
Dx(0,77]
summation by repetitive indices is expected) [2],[3]:

classic

displacements temperature

(here and everywhere below the ordinary

pU; =004 = pF;, (1)

o6’ =9;(4;9,0)+6, ;.U = g, )

The above expressions (1)-(2) are equation of motion,
heat conduction equation, where d; :=dv/dx;, Vv :=dv/dt,

v":=0,(d,v). Below we will explain the meaning of each

n
notation more thoroughly. Here 6={O’~-} is a stress

¥lij=1
tensor, which is defined by the following constitutive
equation, namely hypothesis Duhamel-Neumann for material
with short-term memory:

O-U (U,e) = 0'5 (U) + O';/ (U’) + O-lt] (6)

, 3)
= CzjkmEkm (U)+ aijkmEkm (U) - ﬂij o,



Strain tensor Ej;, (U) is assumed to satisfy the relations:

Ey (U):=5 QiU +,U)). )

Notation p=p(x) is a mass density of thermoelastic

material, ¢, =c.(X) is its specific heat. Tensors ¢ and

ijkm
Dijkm describe the thermoelasticity and viscosity properties
of material with short-term memory. Also notation ,Bl»l- and
ﬂij depicts a thermal stress coefficients tensor and a thermal

conductivity coefficients tensor with the common properties
of symmetry and ellipticity:

Cijkm = Cjikm = Ckmij>  Yjkm = jikm = Ymij >
CijkmEij€lm 2 Co€j€j, Co =const >0, Ve; =€, €R,
l'jkm i/gkm 2 ay€, if ij’ ap = =const > 0, Vé‘y = 8/1 € R, (5)

Ay =i, Ai&iSi 2 Ay, Ay =const>0,
By

{ =ﬁji’ ﬂl]éfj Zﬂo, ﬁo =const >0 VH:IER

To finalize the formulation of the initial boundary value
problem of thermoelasticity, the system of partial differential
equations (1), (2) is then complemented by boundary
conditions

U=0 in §,x[0,T], S,cS, 6
O'Unj—O' in S;x[0,T], S;=S\S,, ©
0=0 on Syx[0,T], ;
—ﬂzjnl-al-9=m9+c} on qu[O,T], quS\Sg, )
and the initial conditions
Ul20=Up, 9,Ulzo=Vo, Ol;=o=6 in D,

®)

where x is known heat transfer coefficient with the
environment, &, is a fixed initial temperature of the body.
Vector g describes applied heat flux correspondingly.

1. VARIATIONAL PROBLEM OF THERMOVISCOELASTICITY

Let us introduce the spaces of admissible elastic
displacements and temperature increments (relatively to the
initial temperature To) respectively:

Y={Ve[H'D)P:V=0na S,},7=1*D)

G={feH'(D):£=0ma Sp}, H=2’.

Here symbol H"™ (D) means a standard Sobolev space.
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Then the initial boundary value problem of
thermoviscoelasticity (1)-(8), can be rewritten in the
following variational formulation:

givenUye Y, Voe H, g Z;
find {U,8} e [>(0,T;YXG) such, as
m(U”(t), V) +a(U’(1), V) +c(U(7), V)

—b(O(1),V) =<1(£),V >,
E(0(1),8) + A6(1),$) +b(E, U (1) =< r(t),£ >

Vie (0,77,

m(U’(0)=Vy,V)=0, ¢(U(0)-U,,V)=0VVeY,

E(6(0)—6,,E) =0 VieG.

The introduced bilinear and linear forms are as follows:

m(U,V) = mpU VdD = ijU

(U, V) _J'j J' o°(U): E(V)dD = m ¢(U)E;(V)dD

9

a(U,V) _m ¢V (U): E(V)dD = ﬂ J' Y (U)E;(V)dD,
bE,V) = ma (&): E(V)dD =”J-ﬂ§8il/; dD, YU,VeY,
D D

20,8 = m ¢, 8,68 aD,
D

AB,E) = ﬂ' 8 (VO VEdD+ J'I 6, k0cds,
D Sq
<LV >= J'I PF.NdD + J'J' G.VdS, VU,Ve,

<r &= meo g&dD— ” 1Gds  V6,£eG.

Using Korn inequality and the symmetric and elliptic
properties (5) we can define following norms on spaces Y
and G

Ul p=m(U,U),

IIU[ly=+a(U,U) VUeY VOecG
101l z=+Z(8,0), 0] g=~Ab,0)

Also can be written the energy balance equation:

[ Ully=+¢c(U,U),

(10)



U@ EHu@I3 60015 ]+
U@ I3+160) 11 |dr =

|
E
!

(11)

D= O ey~ N|—

2 2 2
Vo ll+11Uo Iy +116 Hz}

+|[<U(7),V'(7) >+ < r(7),0(7) >]dT V7€ (0,T]

IO IR+ IV 13+160)117 | determines  the
t

instant total energy value, I |:|||U'(T)|||%{+H(9(T)HZG:|dZ'

0
determines dissipation of energy was caused by viscosity and
temperature field of an elastic body,

%[H Vo |5+ U 13+1160 %} initial ~ energy  value,
t

J-[< I(7),V'(1) >+ < r(7),0(7) >|d7 an influx of energy.

0

Formulated in accordance with the problem (1) — (8), the
variational task of the dynamic thermoviscoelasticity of an
elastic body, taking into account the corresponding linear
elastic-viscous properties of the material and the energy
balance equation (1.10), will be the basis for investigations
of thermoviscoelastic processes in thin-walled bodies.

III. PARTIALLY DISCRETIZED VARIATIONAL PROBLEM OF
THERMOVISCOELASTICITY FOR A THIN WALL BODY

Let an elastic body De R3 referred to fixed curvilinear
orthogonal coordinate system (¢4, 05,03) (fig. 1) as
follows:

D={r=(a,z)e R :0=(q, )€ Q,
oz e (—Lh+Ih)y=Qx(-Lh+1h),

where thickness & =const >0
compared to other space dimensions, h/diamQ <1. The
body of such kind we shall name shell, its set
Q={r=(0,0)e D} will named the middle surface of shell
and denote its contour through T'=0Q . In this coordinate

system a surface element d€2 and a volume element dD of
the body are defined as:

is substantially smaller

dQZHled(X, dD=H1H2H3d0(da3 Zdea3, (12)

Here 4; = A;(0) and k; =k;(0t) — coefficients of the first
quadratic form and the principal curvatures of the surface Q

[4]. Notes € =Qx{*h/2} are facial surfaces and
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lateral surface,

E=Tx(-h/2, h/2)
then S =Q, UQ_UZ. Assume the surface of the body is
divided into parts nonzero measure as follows

0.0

0.02

0.01

002
0
Fig. 1. —Domain D and mid-surface € referred to fixed curvilinear
coordinate system (0{1 , 0, 0{3) .
S, =Sy =Z:={re D: aeT'=0Q, |a3| S%h},

+h

Se=8,=Q,UQ_, Q, ::{reﬁ: e Q, og =1

3

By the Timoshenko-Mindlin hypotheses [5] we shall
3
~and

assume that a displacement vector U={U, (r,t)} 1

temperature @=06(r,t) can approximated by the linear
combinations of a functions s=(u(e,?),y(a,t)) and

0 =(6(a,?),0,(a,t)) such that

U(r,t) = u(a,?)+ay(o,t),
o(r,t)=6(o,t)+ab(o,t) V(a,a)e D.

and are

3 —
u={y(@.n}_, 6 =64(a.r)
approximations of the displacement vector and temperature
on the middle surface,

Here

y(o,1) = 9U(a, 0,)/der3,
6, (0,1) = 96(0t,0,¢) /0y, V(a,t)e QX[0,T].

As results of partially discretization after the thickness
variable of the problem equations (9) we obtained a variation
formulation problem for thermoelastic shells in the terms of

the displacements vector s =(sy,8,)=(u(o,?),y(c,¢)) and
temperature vector 0 = (8(a.,1),8(0,1)):



givensge W, vope H, 0y,gc Z, fe H;
find y={s,0}e LZ(O,T;Wh X Qy,) such,as
mq (s”(t),v)+aq (s’ (t),v)+cq(s(?),v)
—ba(0(t),v)=<I(t),v >,
Eq(0'(1),8)+Aq(0(0).8)
+bo(8,8'(1)) = <r().&>
mq (s’ (0)=vy,v)=0, cq(s(0)—s;,v)=0
Z0(0(0)-0,,8)=0 VveW,, Ve Oy,

We used the follows introduced spaces:

(14)
Vie (0,T],

W, ={welH' (@Q° :w=0uas,},
0, =& [H' (QF :£=0 na Sy}.

The bilinear and linear forms are defined as:

2
mg(s,v)=p z U ¢i+j_2si.vjA1A2da,
ij=1'G
ag(s,V) = H(Cs) (BCV) 44, da,
Q

co(s,v)= ﬂ (Cs).(BCv) 44, da
Q
Vs =(s1,83), v=(v,V3) €W,

bo(0,v) = ,BJ.J. ®(0). (Cv) 4 Arda,
Q

2
200.0)=6" Y. [0 6:¢; 4 4da,
i,j=1 Q
AQ (07‘%) = /’lﬁz(e: Fa) + KQ (eag)a
V0=(6,6,), £=(&,5)€ O,

<r&>:==6[[{6*+a04 (15)
Q

+%(q+ -4 ) (g +k)& +& )}AlAzd“

+Eq(c;'g(0).8) VE=(&4.5)e O

<lv>=— ZI @+ I+ h+k +h)v,
i,j=1 Q

—%hvz}AlAzda+mQ(f ®),v) Vv=(v},vy)eW,.

Here C = {C@'i}f’_,-: , , CI)(O) = {q)’ (e)}:il > ﬂ ar

e data presented in [1], heat flux data q,q are given on

={8'®),

Q. Q_, also surface loads O(r,?) are described such as

o(r,1) = {0, (o, 0,0}, =
o' (a,t)={o (a,0)}.,, if aeQ,,
o (a,t)={o (1)}, if neQ .
+]—2 9 af
AZ aak aak

7008 =6' Zﬂ

Lj=l1qQ Lk=1
+Hij=i=j+1) I G&; |4 dda,

K08 ={( +x)8 4

Ot g & +@ & +6, 51} [ 4
Q

02
P j o (L+ asky )1+ sy )d oz,
_://22 (16)
n= [ (@) (l+a3kl)(l+0;3k2)da3, m=1,2.
—h/2 (l+a3km)

Here &*,x" are the heat transfer coefficients on the
surfaces Q,Q_, respectively.

Details of the construction of the problem (14) see [1].

IV. VIBRATION VARIATIONAL PROBLEM STATEMENT

We suppose that the harmonic loadings with angular
frequency @ are applied to the thin shell

I(t)=1.coswt+, sinwt,
(0=l § 17

r(t)y=r.coswt+rgsinwt, Vte (0,T].

Then the approximate solutions of problem (14) can be
looked for in the form of the following expansions:

s(a,t) =s.(a)cos wt +sg(a)sin wt, (18)
0(a,2)=0_(a)coswt +0 (a)sin wt,

where s.(a) , sg(a), 0.(a) ,
amplitudes of vector of mechanical displacements and

temperature respectively.

0,(a) are the unknown

Substituting expressions (17) and (18) into variational
problem (15) and neglecting its initial conditions, we obtain
the variational problem for force harmonic vibrations of
thermo-elastic thin shell:



given @> 0, (4,l,1,mn )€ W =@'xX®', ®" =W, xQy;
find y=1s,.0,.5,.0,}c W=0xd)
such that V{v,.,§.,v,,&;}e W
—a)zmQ(sc ,Ve)+wag (s, ,ve)+eq(s.,vy)
_bQ(Oc ,Vg) =< lcﬁvs >, (19)
—a)zmg (s, V) twag(s,,v,.)+cq(ss,v,.)
—-baO,v.)=<Il;,v,
a)E‘Q(OS 7§c)+AQ(Gc 7gc)+wbg(‘t3c 755) =< rca‘tac >
_G)EQ(GC 7‘:A€)+AQ(0S 7‘%5)_[0[)(2(‘:3' ,SC) =< r:w‘tas >
Having added all the equations of the problem (19) we
introduce the linear form X ;W — R :

>,

<X, W>i=<l, vy >—<[,v.>
—1
+o (<18 >+<r,8 >),
vw:(vc’écyv_g?és)e Ws

(20)

and the bilinear form IT,;;WxW — R :

I, (y,w)= —w? [mo(se,vy)—mq(sg,v,)]
+wlag(s.,v.)+ag(sy,vy)]
+eq(se v —cq(ss.v,)]
+[Eq 8, .&)+Eq(0,,&,)]
~[bo (8. .v)~bo (0. v,)]
+[bo (& »85) = Do s »s.)]
+07' [Ag (0, .8,)+Aq(0,.5,)]
Vi ={5..0..5,.0,}€ W,
VW= (VoG V.8 )€ W.

1)

Then variational problem for forced harmonic vibrations
of the thermoviscoelastic thin wall body can be rewritten as
follows:

given >0, <X,,w> W =®'xX®’;
find y={s.,0.,s,,0,}€ W=®X® such that
H,(p,w)=<X,,w> Vw=(v.,E. v, E)eW.

(22)

V. WELL-POSEDNESS OF THE VARIATIONAL PROBLEM

Let us introduce a scalar product on the space W in the
following way:

((Y7w)) =ag (sc 7Vc)+a£2 (ss ,VS)+
AQ(OC aéc)'i'AQ(Bs 9};5')
Vy = {Sc 700 >Sg >9s}e W,
Vw=(v,,§.,vs,E)e W.

(23)

And we introduce a norm generated by the scalar product
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(23):

I¥IIP=(.y) VyeW. (24)
Then we can easily notice the following estimations:
Hy(y,w)<M (o) [[[y Il [l wl- 25)
M (@)= Cmax{ow w0’} YyweW,
<K X WS M (@) [| X [l WII-
w s ® 26)

M (@)=Cmax{o ']} YweW.

Here and everywhere the symbol C — a positive constant
value, independent on solutions of variational problem (22).

Now for confirm W-ellipticity of the bilinear form
IT,;WxW — R we consider the expression for IT,(w,w)

Hw(W,W) = w[ag(sc ’Sc)+aQ (SS ’SS )]
+ a)_l [AQ(OC ,96)4‘ AQ(OS ’es)]
> wlag(sq,s.)+ag(sg,s;)]

(27)
+ a)_l [AQ(OC ,96)4‘ AQ(OS ’es)]

>n(w) || wl*, m(w)=min{o,o}
Vw= (Vcangsags)e W.

Since the statements (25)-(27) are proofed and they are
actually the conditions of Lions-Lax-Milgram theorem, the
following theorem is then correct:

Theorem 6.1. For each @ > 0 the variational problem
(22) has a unique solution we W , which satisfies the

relation:

Iy IS 77 (@M (@) || X Il - (28)

VI. GALERKIN DISCRETIZATION

Standard Galerkin scheme was used for solving of
variational problem (22). We chose some finite-dimensional
subspace W), =@, x®; , @, c®, dimW;, = N(h) <+oo.
Thus, the Galerkin-discretized variational problem (23) looks
in the following way:

given >0, X, € W, W, c W,dimW < +eo,;
find yj, ={s.; .0, .8y, ,05,}€ W) such that (29)

Hp(W),0)=<Xp.0> VeeW,.

We can say the problem (23) is well-posed same as the
problem (29). In the space W we select some basic functions

Wil .

sequence of approximation spaces W, and operators of

For each natural number m>0 , h=1/m a



orthogonal projection Pr, : W — W, are defined so that a
Wiid, of W,
(y—Pr,y,w))=0 Vye W,Vw, e W,. Now variational

problem (22) is replaced by a sequence of the following
problems:

set is a basis and

>

given >0, X, e W, >0,
W, c W, dim W = m < +oo;

find v, ={s.; .0, .8, .05} € W), such that (30)

MWy 0)=<Xp,0> VoeW,.

Theorem 5.1. Let be Vye W a solution of problem

(22) with parameter >0 . Then a sequence of Galerkin
approximations Vy, € W is unambiguously defined by the

solutions of the problems (30) and has the following
properties:

llw=w IS M (@) inf [ly=w]| ¥h>0:(3D)
Vwe Wy,

lim ||| w -, [[=0. (32)
h—0

Proof. The correctness can be done like in [7]. Sinse for the
inequality (31)

M,y =y W) =0 Ve W,
and the estimation

2
ally=y, lII"<y(w—w,,w—vy,)=T,(y-y,,y-w)
S M (o) lw=wy llllllw-—w][|Vwe W,.

Taking into account the density of sequence of spaces {W, }
in the separable space W :

lim |||y —Pr,w|[|=0Vwe W. (34)
h—0
Therefore, basing on the equality
M =w =l w—Prwl (35)

inf
Vwe W,

and inequality (31) we can conclude the correctness of (32),
when @ >0.

VII. NUMERICAL EXPERIMENTS

Below we present some results of our numerical
experiments on computations of eigenvalue problem for our
semidiscreted model. We consider a circular cylindrical shell
made of homogenous material with radius radius R=10 m
and length L =10 m and which is under constant temperature.
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Young's modulus of shell material is equa to 1 Pa, Poisson's
coefficient is 0.3, and mass density is 1 kg/ m3.

Boundary conditions are following type:

u2=}/2=u3=7/3=0, on 0!1=0,0!1=L;

U =nN=us =}/3=0 on oy =0,0(2 =7Z'/8
The first column of the Table includes the number of
quadratic finite element mesh , the second and third columns

@*-10°

include the computed eigenvalues and their relative

errors o taking from [1]. Same our results are in the two last
columns of the Table.

Mesh | @100 | S o |p2.10% | 5.%
3x3 0,3305068 IL7 1 0,3583986 11,9
4x4 0,3024595 223 | 03401321 6.2
5%5 0,2974929 055 | 0,3288990 2,7

VIII. CONCLUSION

The partially variational problem for a thin wall body
was constructed on base the dynamic coupled three-
dimensional problem. Under the assumptions about
harmonic vibration with known angular frequency we have
formulated the corresponding variational problem and then
we proved its well posedness. These results shows that we
can use well known finite element approximations for
Sobolev spaces and obtain the convergence rate its errors.
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