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Viskoelasticnost frakcionog tipa | optimizacija oblika u teorji stapova
Viscoelasticity fractional type and optimization in theory of rods
Project Leader Teodor Atanackovic in 2013

Project Leader in 2014 Dusan Zorica
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Teme su:

1. Analiticka mehanika diskretnih sistema frakcionog
reda. Dinamika reonomnih i reoloskih i sistema sa
neholonomnim vezama

2. Nelinearni i retki fenomeni u dinamici hibridnih sistema
spregnutih krutih i deformabilnih tela. Prenos energije kroz
sistem. Model hibridnog sistema, koji sadrzi klatna sa osciluju¢im
tackama veSanja duz krivolinijskih putanja (model prema
European patent No. EP1514026, 28.03.2007), sa ciljem
optimizacije kinetickih parametara stabilnosti i upravljivosti
dinamikom istog. Sinhronizacije podsistema hibridnih sistema sa
cillem dobijanja kriterijuma i metodologija za modeliranje
prototipa hibridnog sistema. Planiranje teorijskih osnova
odgovarajuceg eksperimenta.



3. Modeli bioloskih oscilatora i fenomeni
dinamike i prenosa signala, informacija i energije
kroz njihove kompleksne strukture. Mehanika
bio mehanickih sistema sa spregnutim poljima.

4. Mehanika diskretnih modela kontinuuma -
Teorija i primene. Dinamika homogenih
struktura spregnutih deformabilnih tela i
standardnih elemenata konstitutivnih relacija na
bazi linearno elasticnih, nelinearnoelasticnih,
visokoelasticnih i/ili naslednih svojstava i/ili
svojstava frakcionog reda



5. Fenomeni dinamike sistema sa trenjem,
diskontinuitetima svojstava kinetickih parametara.
Vibroudarni sistemi sa trenjem. Fenomeni
diskontinuiteta u svojstvima kinetickih parametara.

6. Dinamika i stabilnost hibridnih sistema u
interakciji kruto, cvrsto telo i fluid

7. Dinamika loma i ostecenja materijala po metodi
diskretnog kontinuuma. Kineticka stanja dinamike

vrha prsline u materijalu sa spregnutim poljima.

8. Upravljanje dinamikama i hibridnim sistemima



Kljucne reci:

Hibridni,

nelinearni,

analticka mehanika,

izvod necelog reda,

diskretni kontinuum,

stabilnost,

vibroudar,

upravljanje

Fenomeni nelinearne dinamike
Kvalitativne | matematicke analogije
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I* Ypehusarse u cagpraj cneumnjanHor 6pc;ja yaconuca
HAy4HO OpyWITBO CPBMJE
SCIENTIFIC REVIEW

New Series: Series: Scientific and Engineering
Special Issue Nonlinear Dynamics S2 (2013)
Dedicated to Milutin Milankovié (1879- 1958)
Guest Editors: Katica R. (Stevanovié) Hedrih and Zarko Mijajlovié
Belgrade, 2013.






















HI* UmeHoBarbe pykosoanoua MNpojekta ON174001 y TprHaecTouNaHy peaakunjy MHTepHaumoHanHor yaconuca "TENSOR"
janaHckor gpywTsa Tensor Society, Koju ce ycnewHo ny6aukyje sh 74 roAnHe W1 KOjU je jeAMHCTBEH MO Cagprajy
nybnukosaHMx pagosa 13 obnactn gudepeHnjanHe reomeTpuje.

IV*¥ YcnewHocT 8 mnagux UCTpaxKMBaya y nosarakby UCNMTA Ha AOKTOPCKUM CTygujama ca Npoce4yHom ouepHom 10
(neceT) Koju cy oTnovenu AOKTOpPCKe cTyauje ca MOYETKOM NPOjeKTHOT LMKAyca.

V* MneHapHa npeaasarba M Npeaasarba Mo MO3MBY PYKOBOAMOLA MPOjeKTa y KOjuMa je NpUKaso u yBeo HOBY QYHKUMjY

AuUcunauyuje eHepruje cuctema PppakUMOHUX cBojcTaBa. PesyaTatm cy WwWTamnaHW y U3BOAMMA, @ WM NpeaaTy 3a wtamny y
MHTerpanHom obaunky.
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This monograph defines three kinetic vectors
fixed to a certain point and axis passing through
the given rigid body point. These are:

1* Vector M of the body mass at the point

—

O for the axisoriented by the unit vector N

. def y i B

2 Vector  @P'the body mass static (linear)
moment at the point for the axi©oriented by the
unit vector in the form:n

s ([[hokm]  meaw @



3* Vector iPhe body massinertia moment
at the point  for th©axis oriented byifhe unit
vector A &

body mass dm with respect to the common péle

The spherical and the devivational parts of
the Inertta moment vector and of the Inertia
tensor are analyzed.



Figure 1. b*
The graphical
presentation of the
vector of mass
particle's mass
Inertia moment for
the reference point
and an oriented
axis and of the
corresponding
deviational plane.




The " supports’ vectors of the body mass linear
moments as well as of the body mass inertia moments
for the pole O and axisoriented by unit vector j

are introduced by definitions and expressions.
The" support" vector S(O) of the body mass linear
moment and the " support vector 93(0) of the body
mass inertia moment of the body pomt N: ON = 0
for the polein thepoint O and for the axis oriented

—

by the unit vector |1 are defined by the following
expressions.




Also, we can conclude that the impact on applications of
the use of different possibilities of the phenomenological
analogy of different model dynamics and professors,
researchers and scientists, with larger area of the own
scientific knowledge are also very important for
optimization of the teaching processes and  the
application of Bologna's principlein the original form.

3* Vector I of he body mass inertia moment at the

point O for theaxisoriented by the unit vector I :

¥ Mﬂ[

where ¥ IS the position vector of the elementary
body mass W|th respect to the common pole O. For
special cases see Ref. [35].



We can write two vector equations of dynamic
equilibrium for rotation of the body around the
stationary axis oriented by the unit vector N, with
bearing A and B , with angular velocity ¢ )and
acceleration g) and under the action of the active

force sysem F ,k=12,...N (for more infprmation see
Refs. [33] in the following form : f

&=

4 N
9{: \/C{J2+C()4 i : .Jz g
i
~ _ i k:N_> _ _
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Figure 12. The graphical presentation of the Kinetic
vectors of rotorswith inclined rotation axis.



Following the expressions (67) and (70), as well
as the expression (68) and (71), we can write
the following two vector equations:

dé al _b(A) i _k:N—’ = = -~

E_m@ﬁ rl_z (tFAt R+ G (125)
k=1

02, _ o, laola - S0 2 Lls clils &

@ O +‘®ﬁ N ;[pk":k]*[/’c’G]*[/Zi’z%]

These two vectorial equations are Kinetic
equations of dynamic equilibrium of the body
rotating around the stationary axis under the
action of the active force system F. .



If we now multiply scalarly and vectorialy these
equations (125) and (126) with the unit vector N
and, having in mind that the 0z = oz , we obtain:

1* the rotation equation around the axes
oriented by the unit vector 1 in the form:

( R “’) ([pc’ 1 ) Eqﬁk’ﬁk]’ﬁ) y’



2* the equations for determining the bearings’ Kinetic
pressures, that is, pressures upon the bearings, F,

and F; , that is, their components in the axis
direction N and normal to the rotation axis:

= (FA,n)n _ —nZ(Fk,n) (éﬁ) (128)

F, =-F,+%R,/S [ [G ] :ZN[ﬁ,[F:k,ﬁ]] (129)
- Lo -i[ﬁ,ﬂﬁc,élﬁl- 23 2] 650
whereis: R =RT M=V +w* (131)

The rotator § = R\ ¥ is rotating and increasing by
the angular velocity and by the angular acceleration.



Rotation of the elementary material particle
around fixed axis — Kinetic presure on bearings

= oS + w[a?, S(j‘)]: WS + o [ﬁ, 3@]: Fap + Fa + Fy+F+G

di, _ a-)j’(()ﬁ) +a)[a7, j’(()ﬁ)]: cz)jéﬁ) +w2[ﬁ,jéﬁ)]= [r—P, |f]+ [FC,G]+ [FB, IfB]

l_jl

=t

¢ :_f\_/”[ﬁ, Fldm = [f,F.[M =

S (A)

[1,59]= Ml .. = M (@R )i - 7) =




For this case the expressions of the linear momentum
@ and of the angular momentum e of the
gyro- rotor system are: .

e [wz, JI\/I+aJ@‘°1) +00,&)

—_

&, =i 07 +afi. 3 rold 22
N &Q~Q)+a&[ﬁc’é3ﬂ)]

For special case of the gyro-rotor with many shaft
rotor axes with one section QQ these expression of the
linear momentum and of the angular momentum are

very §15nple
Z“" ‘@0) Z‘w ‘&(O) (63)

(62)



dﬁo y y
dt2 - 1\sgol) + @) [1,3@1)] 2\9301) + 0 [2,3509]

= ~(0) = ~(0) (O1)
+W,W, [ m%f ]+aJ1£U [ 1,3n01 ]+CU1£U23 rilnl]
de B}

% _ . 10) = 4 o 100) &
———=w J;' N +tw,J ' N, + N,
dt
+ R,

() n
D[+ M,
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|+

@ (01) + m]_z

@(01)‘

o[(on ‘

where the kinematic vectors rotator are introduced In

—

following form: R, =@,0, +wiv,; R, = \/a)zz + W,

—

mS = wlwzl_jS; 9{3 = wlwz 2“1 = djll_jl r wlzvl; 9il = \/C‘Jl2 t w14
S’{12 = w1w2 [ﬁv lj2 ]; s’{12 n w1w2 sin y(:)O (65)

—

N, =ww, [ﬁz ’ u1]; N,, = ww,sin P,



Linear momentum of a rigid body coupled multi-
rotations around no intersecting axes

=60+ 60+ 6800 = 3,7 M + 82+ 0,800

nl h 2

g_é — g_é(ol—s) + g_é 02—3) + g_é(oa) + ﬁ(ol’») + ﬁ(of“) =
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—
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THEOREM 1.

\ector expression of linear momentum derivatives of the
rigid N Dbodies, multi coupled rotations, around no
Intersecting axis in all cases, placed bodies on the each axis,
between other terms, contain sum of products by intensity of
rigid N bodies mass linear moment vectors

[l 2k i=123.8, §=123.k
\/

e,

for the axes oriented by unit vectors of component coupled
rotation axes through pole on the rigid N bodies self-rotation
axis and vector rotatorsrdefined hy:

FAcas i @E’% ¢

N a i=123..N, j=123..K

=0 L+ w0l i
el

tnj

i0jj j?

e,

Where are: _
i=123..N number of bodies,

j=12,3..K number of axis









1=1,23 K=3
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THEOREM 2.

\ector expression of angular momentum derivatives of the
rigid N bodies, multi coupled rotations, around no
Intersecting axis in all cases, placed bodies on the each axis,
between other terms, contain sum of products by intensity of
rigid N bodies mass deviation moment vectors

]

for the axes oriented by unit vectors of component coupled
rotation axes through pole on the rigid N bodies self-rotation
axis and vector rotators defined by:

Caw [ s
. Ty 2 n. i | 21,2,3...N, J :11213"'K

D ) = i=123..N, j=123.K










\
\ /?\\///l NA AS

/













n= /\
e

@0
sy

oclo|lo|o| o
s|la|R||
RN2ARIR
21X IXTxX

=5

s

Different type of homoclinic orbits: different kind of separ
coupled rotation nonlinear dynamics and corresp
energies.
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Standard element with translator and rotator
Inertia properties

We introduced standard element with translator and rotator
inertia properties, taking into account mass and mass inertia
moments and realized by a rolling disk or sphere

u




Standard light fractional order element

P(t) = o, x(t)+ ¢, D[x(t)]} 0<a=<1

P(X) G, Clan P(X)



Generalized function of fractional order
dissipation of system energy

2P, = @7 @ for az0




Generalized forces {Fa;to} of system no Ideal
visoelastic creep fractional order disipaon of

systemenergy forQ< g <1 az0
for generalied coordinates {x}

n




Generalized forces {Fa;tO} of system no ideal
visoelastic creep fractional order disipaon of

system energy forQ< g <1 az0
for generalied coordinates {x}

Generalized disipatve forces 1F,f of system
dissipative (no conservati{l? properties for a=1
for generalied coordinates WX




Generalized function of fractional order
dissipation of system energy

%

k=123,.....n

Matrix of coefficients of system mass
inertia properties

Matrix of coefficients of system
rigidity properties

Matrix of coefficients of system
viscoelastic creep fractional order
properties
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Generalized forces of system inertia %I} generalized
coordinates {X}

d 0E. OE, ) ..
F )= _( ot a{Ex} i a{Ex}j =AY

Generalized forces et of system ideal
elastic (conservative) properties for
generalized coordinates {x}




Generalized forces {Fa;tO} of system no ideal
visoelastic creep fractional order disipaon of

system energy forQ< g <1 az0
for generalied coordinates {x}

Generalized disipatve forces U a=1J of system
dissipative (no conservati{l? properties for ¢ =1
for generalied coordinates WX

ol




Generalized forces {Fa:O} of system with
additional elastic (conservative) properties for
a=0 for generalized coordinates {x}




Matrix fractional order differential equation of discrete
fractional order system free vibrations

W+ R} = {0}

Ax}+C {Q"{x}}+ C1x} =10
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Generalized forces for generalized coordinates W (X’ y’t) and Wk+1 (X’ y’t)
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Governing partial fractional order differential equations of a hybrid multi deformable
beam system transversal oscillations on a discrete continuum layer with visco-elastic and
translator and rotator inertia properties
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Governing partial fractional order differential equations of a hybrid multi deformable plate system
transversal oscillations on a discrete continuum layer with viscoelastic and translator and rotator
inertia properties
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Governing partial fractional order differential equations of a hybrid multi deformable
membrane system transversal oscillations on a discrete continuum layer with visco-elastic
and translator and rotator inertia properties
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Solution of the governing partial fractional order differential equations of a hybrid multi
deformable membrane system transversal oscillations on a discrete continuum layer with
visco-elastic and translator and rotator inertia properties
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Theorem 1:

. Qelem—sloja Qelem—sloja . .

Generalized forces W, and Wicg of interaction between two
deformable bodies coupled by standard discrete continuum layer with known
kinetic and potentidE, *" % energies and Reown function of
energy dissipation for generalized cootdfidtes and
displacement ofvgéfoyrthble bodtes (Jt %tk point of contacts with discrete
continuum layer are in the following forms:

elem-sloja elem-sloja elem-doja elem-dloja
Qelem—sloja pl d aEk aEk aEP aCD

= S — - — — (&em-ploca
i at a[ ow, (%, y’t)j ow, (x, y,t) | aw(x, y,t) a( ow, (x, y,t)) Qi (xy)
ot ot
Qelem—sloja :_ g aEkeIem—sloja B aEkeIem—sloja ) aEpeIem-sIoja g aq)elem-sloja d Qdem_ploca
e t a(awkﬂ(X’ y,t)) ow, (%, yit) | ow,(x y.t) 6( oW, (x, y,t)) Wi (3.1
ot ot

expressed by energies and energy dissipation which posses discrete continuum
layer.



Theorem 2.

Dynamics of hybrid system which contain deformable bodies
(beams, plates or membranes) coupled by discrete continuum
fractional order layers with equal boundary conditions and with
displacements W, (X, y,t)

and W, (X Y, t)is described by corresponding system of coupled
partial fractional order differential equations. Systems of coupled
partial fractional order differential equations for the cases of the
hybrid systems containing coupled beams, or coupled plates or
coupled membranes by discrete continuum fractional order layers
are in mathematical analogy.



Theorem 3.

Dynamics of hybrid system which contain deformable bodies
(beams, plates or membranes) coupled by discrete continuum
fractional order layers with equal boundary conditions and with
displacements W, (X, y,t)

and Wi (X ¥.t)and described by corresponding system of coupled
partial fractional order differential equations, in each eigen
amplitude mode from set th;ﬁ(ﬁit‘ﬁ) number is described
by corresponding like -frequency eigen time functions N

s=N
Tk(nm) (t) = Z K §?l)m)Nk£(nm)s (t)
s=1

where gz(nm)s(t) ,$=123...,N are normal main coordinates of

corresponding subsystem in eigen amplitude mode

These normal coordinates are analogous to the correspéMdG'hg)
normal coordinates of corresponding linear system dynamics in

same eigen amplitude mode.



Theorem 4.

Dynamics of hybrid system which contain deformable bodies
(beams, plates or membranes) coupled by discrete continuum
fractional order layers with equal boundary conditions and with
displacements W, (X, y,t)

and Wi (X ¥.t)and described by corresponding system of coupled
partial fractional order differential equations, in each eigen
amplitude mode from set th;ﬁ(ﬁit‘ﬁ) number is described
by corresponding like -frequency eigen time functions N

s=N
Tk(nm) (t) = Z K §?l)m)Nk£(nm)s (t)
s=1

where f(nm)s(t) ,  s=123..,N are normal main coordinates
of corresponding subsystem in eigen amplitude mode

These normal coordinates are analogous to the correspéMdG'hg)
normal coordinates of corresponding linear system dynamics in
same eigen amplitude mode.



These normal fractional order time modes Qz(nm)s(t) s=123..,N

are described by system of independent ordinary fractional order differential
equations in the forms:

é;(nm)s (t) = a)r?m(s)gt(nm)s(t) i a}czr(nm)(s)gta [f(nm)s (t)] =0

~2

with two sets of characteristic numbers: ajﬁm(s) and We(rim)(s)

~2
First set Whn(s) of characteristic numbers are square of eigen

circular frequenaes same as for corresponding linear system, and
seconds set r(nm)(s) of characteristic numbers correspond to
fractional properties of eigen like one frequency fractional order
mode.



Theorem 5.

In dynamics of hybrid system which contain deformable bodies
(beams, plates or membranes) coupled by discrete continuum
fractional order layers with equal boundary conditions and with
displacements W, (X, y,t)

and W1 (X ¥Y.t)and described by corresponding system of coupled
partial fractional order differential equations, in each eigen
amplitude modeW_ (x,y) from set of infinite number, described

by corresponding like -frequency eigen time functions N
s=N
Tk(nm) (t) = Z Kgfl)m)Nkf(nm)s (t) an (X’ y)
Sl
where cz(nm)s(t) ,$=123...,N displacements of partial,

independent fractional order oscillators described by system of
independent ordinary fractional order differential equations in
the forms:



Q%(nm)s (t) T é‘}rfm(s)gt(nm)s(t) i a}czr(nm)(s)ﬁta \_E(nm)s (t)] =0

with two sets of characteristic numbers: wnm(s) and . Wh(nm)(s)

and two complement modes: firs lé(nm)s(t)JLike €05 (@(m) (o)t * Are)(s))
fractional order like cos mode and second Tf(nm)stt)]uke Sin (@ (om) ()t Aom)(s))
fractional order like sin mode expressed by series along time in the following

analytical forms:

[qz(nm)s (t )]Li ke cos (cD

(nm)(S)t+a(nm)(S))
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[gt(nm)S(t)]Like sin(cT)(nm)(s)Ha(nm)(s)) -

o k ] 2] —a]
E(nm)s (t) = E(nm)s (O)Z (_ 1)k C—Dczré(nm)(s)t p Z (kj ~E-:_ 1) ( s )t 3

. G N G (KY (FY) @t
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Theorem 6:

Conriseder system of fractional oreder differential equation
is linear and main coordinates of corresponding system of linear
differential equations are analogous to normal coordinates of
ftactional order differential equations.

Theorem 7:

Considered system of fractional order differential equations
described by like N frequensy fractional order modes with
corresponding eigen circular frequencies and corresponding
characteristic numbers desribing fractional order properties of
fractional order like one frequency vibrations.
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Theorem: Let fractional order system dynamics
with finite nomber of degrees of freedom is
defined by A matrix of coeficients of system
inertia properties, C matrix of coeficients of
system rigidity properties and C_ matrix of
coeficients of system viscoelastic creep
fractional order properties. In the case that

modal matrix o ({Kr?k}): (Ksk)l K=1,2,3,...

- s=1,2,3,...,n

of corresponding linear system produce
diagonalization of matrix C, of coeficients of
system viscoelastic creep fractional order



properties using product € =R'C R = (C(a)ss)
then this system possess eigen main
independent fractional oreder modes
s=123,..,n governed by ordinary frsactional
order differential equations:
a8, + CeD &} 0 & =0
or eigen nrmal modes { . s=123,..,n
governed by ZS + a)(za)SQf’{Zs}+ w§ZS =(0 where
, C

ws - _SS 2 _ “a)ss

a_ and “ a are two sets of
characteristic numbers of fractional order



system oscillations, first set contan square of
eigen circular frequencies same as for
corresponding linear system, a second contan
characteristic numbers ecxpresing fractional
order system properties.
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® Hedrih (Stevanovic) K., Milosavljevi¢ D., Veljovi¢ Lj.,.: Multi-parameter Analysis of a
Rigid Body Nonlinear Coupled Rotations around No Intersecting Axes Based on the
Vector Method, Adv. Theor. Appl. Mech., Vol. 6, 2013, no. 2, 49 - 70, HIKARI Ltd, ISSN
1313-6250 pp. 49-70, 2013

Vector expressions of the kinetic parameters of the nonlinear dynamics of a rigid body coupled
rotations around two no intersecting axes, on the basis of the three parametric analysis of the
vector rotators, and transformations of the phase trajectories, show that vector method as
well as applications of the mass moment vectors and vector rotators give a simplest way and
expressions for analysis characteristic vector structures of coupled rotation kinetic properties,
especially angular velocities of the vector rotators which are in directions of the kinetic
pressures on shaft bearings or their reactions.

Vektorski izrazi kinetickih parametaranelinearne dinamike spregnutih rotacija oko dve ose koje
se mimoilaz, epokazuju da vektorska metoda zasnovana na vektorima momenata
masa,predstavlja veoma pogodan nacin za proucavanje karakteristika kinetickih parametara
spregnutih rotacija.Posebno treba istaci direktnu zavisnost kinetickih pritisaka od ugaone
brzine i vektora rotatora.

® Lj. Veljovic.:,ANALYSIS OF A RIGID BODY ROTATION AROUND TWO NO INTERSECTING
AXES — VECTOR METHOD AND PARAMETER ANALYSIS OF PHASE TRAJECTORIES,
SCIENTIFIC REVIEW (2013) Series: Scientific and Engineering - Special Issue Nonlinear
Dynamics S2 (2013) pp. 319-324 YU ISSN 0350-2910

Vector expressions for linear momentum and angular momentum and their corresponding
derivatives with respect to time describe rigid body nonlinear dynamics with coupled rotations
around axes without intersection. Analysis of rotation of a heavy gyro-rotor show us that in
graphical presentations of the system kinetic parameters exits a set of the fixed points not
depending of change of rigid body eccentricity or angle of inclination or of the orthogonal
distance between axes of rigid body coupled rotations



Katica R. (Stevanovi¢) Hedrih, Ljiljana Veljovic.: New Vector Description of
Kinetic Pressures on Shaft Bearings of a Rigid Body Nonlinear Dynamics with
Coupled Rotations around No Intersecting Axes , Acya Polytechnica Hungarica,
ISSN 1785-8860, Vol.10, No 7, pp 151-170, 2013

— New vector description of kinetic pressures on shaft bearings of a rigid body
nonlinear dynamics with coupled rotations around no intersecting axes is first main
result presented in this paper. As an example of defined dynamics, we take into
consideration a heavy gyro-rotordisk with one degree of freedom and coupled
rotations when one component of rotation is programmed by constant angular
velocity.

— KinetiCki pritisci na lezista vratila tela koje se obrée oko mimoilaznih osa
predstavljeni su na nov vektorski nacin. Kao primer korisc¢en je model teskog rotora
sa jednim stepenom slobode idva stepena pokretljivosti tj. sa jednom
programiranom rotacijom.



e Vera Nikolic-Stanojevic, Ljiljana Veljovic, Cemal Dolicanin,.: A New Model of
the Fractional Order Dynamics of the Planetary Gears, Mathematical
Problems in Engineering Volume 2013 (2013), Article ID 932150, 14 pages
http://dx.doi.org/10.1155/2013/932150

— Dynamic model of the planetary gears with four degrees of freedomis is used.
Applying the basic principles of analytical mechanics and taking the initial and
boundary conditions into consideration, the system of equations representing
physical meshing process between the two or more gears is obtained. This
investigation was focused to a new model of the fractional order dynamics of the
planetary gear.

— Razmatra se dinamicki model planetarnog prenosnika sa Cetiri stepena slobode.
Primenom osnovnih principa mehanike dobijen je sistem diferencijalnih jednacina
kojima je opisano sprezanje zupcanika. Prikazan je nov model frakcionih jednacina
dinamike



® Gordana Bogdanovi¢, Dragan Milosavljevi¢, Ljiljana Veljovi¢, Aleksandar
Radakovi¢, Mirjana Lazi¢.: COMPOSITE MATERIALS IN AUTOMOTIVE
ENGINEERING — MECHANICAL BEHAVIOR OF ANISOTROPIC MEDIA, Mobility
and Vehicle Mechanics, University of Kragujevac, Faculty of Engineering, ISBN
1450-5304 vol. 39, br. 1, str. 39-49, 2013,

® |nrecent engineering practice composite materials are widely used. In such materials
two or more materials are combined to obtain a new one with new properties, while
individual properties of constituents remain distinguished. Such materials have
notable feature that are anisotropic, having different mechanical properties in
different directions. Here is special attention devoted to their mechanical behavior.
Small changes of preferred direction have significant influence to stress strain
relations in fibre reinforced layers.

® U inZenjerskoj praksi kompozitni materijali su u Sirokoj upotrebi.U takvim
materijalima dva ili vise materijala se kombinuju i daju posebne osobine
novoformiranom materijalu. Posebna pazZnja posvecena je mehanickom ponasanju
ovih anizitropnih materijala.



Gordana Bogdanovi¢, Dragan Milosavljevic, Ljiljana Veljovié, Aleksandar Radakovic.:
COMPOSITE MATERIALS — MECHANICAL BEHAVIOR OF ANISOTROPIC, Proceedings of
papers 11 International Conference on Accomplishments in Electrical and Mechanical
Engineering and Information Technology DEMI 2013, PP. 111-114

Ljiljana Veljovi¢, Dragan Milosavljevi¢, Gordana Bogdanovic, Aleksandar Radakovié.:
MODELING AND ANALYSIS FOR THE VIBRATION OF A GYROROTOR, , Proceedings of
papers 11 International Conference on Accomplishments in Electrical and Mechanical
Engineering and Information Technology DEMI 2013,PP. 149-153

Aleksandar Radakovic¢, Dragan Milosavljevi¢, Gordana Bogdanovi¢, Ljiljana Veljovic,
Srba Aleksandrovié.: SECOND-ORDER FAILURE CRITERIA IN LAMINATE INCLUDING,
Proceedings of papers 11 International Conference on Accomplishments in Electrical
and Mechanical Engineering and Information Technology DEMI 2013,PP. 149-153

M. Matejic, Lj. Veljovic, V. Marjanovic, M. Blagojevic, N. Marjanovic, DYNAMIC
BEHAVIOR OF PLANETARY GEARBOX NEW CONCEPT.:;,DEMI 2013, Banja Luka, 2013,
30.5.-1.6., pp. 121-126, ISBN 978-99938-39-45-3



Ljiljana Veljovic.: ABOUT KINEMATICAL VECTOR ROTATORS DEFINED FOR RIGID BODY
DYNAMICS WITH COUPLED ROTATIONS AROUND AXES WITHOUT INTERSECTION,
Proceedings of papers 4TH International Congress of Serbian Society of Mechanics
June 4-7, 2013, Vrnjacka Banja, PP. 199-2002, ISBN 978-86-909973-5-0

Aleksandar Radakovi¢, Dragan Milosavljevi¢, Gordana Bogdanovic, Ljiljana Veljovic.:
FAILURE ANALYSIS OF A COMPOSITE LAMINATE MODELED USING THE HIGHER ORDER
DEFORMATION THEORY , Proceedings of papers 4TH International Congress of
Serbian Society of Mechanics June 4-7, 2013, Vrnjacka Banja, PP. 523-528, ISBN 978-
86-909973-5-0

Dragan Milosavljevi¢, Gordana Bogdanovi¢, Ljiljana Veljovi¢, Aleksandar Radakovié.:
BULK WAVES IN FIBRE REINFORCED MATERIALS, Proceedings of papers 4TH
International Congress of Serbian Society of Mechanics June 4-7, 2013, Vrnjacka
Banja, PP. 921-926, ISBN 978-86-909973-5-0

Gordana Bogdanovi¢, Dragan Milosavljevi¢, Ljiljana Veljovié¢, Aleksandar
Radakovi¢.:WAVE PROPAGATION IN ORTHOTROPIC MATERIALS, ,Proceedings of papers
4TH International Congress of Serbian Society of Mechanics June 4-7, 2013, Vrnjacka
Banja, PP. 927-932, ISBN 978-86-909973-5-0

Ljiljana Veljovi¢, Dragan Milosavljevi¢, Gordana Bogdanovic, Aleksandar Radakovic .:,
ABOUT RIGID BODY OSCILLATIONS AROUND TWO INCLINED AXES WITHOUT
INTERSECTION, Proceedings of papers 4TH International Congress of Serbian Society
of Mechanics June 4-7, 2013, Vrnjacka Banja, PP. 933-936, ISBN 978-86-909973-5-0
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Modelling Double DNA Helix Main Chains of the Free and Forced Fractional
Order Vibrations
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Andjelka N. Hedrih, Katica R. (Stevanovi¢) Hedrih. (2014) Modeling Double DNA Helix Main Chains of the Free and Forced
Fractional Order Vibrations. Ch 7 In: Advanced Topics on Applications of Fractional Calculus on Control Problems, System Stability
and Modeling (eds: Mihailo Lazarevic, Nikos Mastorakis. (2014), pp. 145-183. and Appendix E pp. 192-200. WSEAS Press. ISBN:

978-960-474-348-3



Mouse mature oocyte

¢ZP has mesh -like structure on scanning

electron microscopy

*ZP has more pores with less diameter then

in embryo

*/ZP is penetrable for one certain spermatozoa

eYoung module has 2.5 times higher value

compare to ZP of mouse embryo

eDiameter of oocyte and its ZP is slightly

lower than in embryo

Mouse embryo

eZP is not penetrable for
spermatozoa

/P has les pores with
larger diameter then in
oocyte

eYoung module has 2.5
times lower value
compare to ZP of mouse

oocyte
eDiameter of embryo and its ZP
is slightly higher than in oocyte

Sorce:Familiari G, Relucenti M, Heyn R, Micara G, and Correr S. (2006) Three-Dimensional Structure of the
Zona Pellucida at Ovulation. Microscopy research and technique 69:415-426

12TH CONFERENCE on DYNAMICAL SYSTEMS THEORY AND APPLICATIONS December 2-5, 2013. todz,

Poland
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Transition in oscillatory behavior in mouse oocyte and mouse embryo

trough oscillatory spherical net model of mouse Zona Pellucida

Amplitude-frequency stationary forced regimes for forced
oscillations of third material particle in chain excited by external

excitation force with amplitude and frequency applied to third
mass particle in chain; x=Q2. a. oocyte b. embryo

Andjelka Hedrih. Transition in oscillatory behavior in mouse oocyte and mouse embryo trough oscillatory spherical net model of

mouse Zona Pellucida" (LIF138) in Applied Non-Linear Dynamical Systems/DSTA 2013; Series title: Proceedings in Mathematics and
Statics, Edited by Jan Awrejcewicz, Springer, in press.
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Fertilization as a biomechanical
oscillatory phenomenon in
mammals




THE USE OF FINITE ELEMENTS METHOD IN VIBRATIONAL PROPERTIES
CHARACTERIZATION OF MOUSE EMBRYO

Figure 6. Shape and particle

velocities d'_Str'bUt'on N Figure 11. Shape and deformations distribution in
extreme points of embryo extreme points of embryo oscillations in mode 2.

vibrations in mode 2.

Hedrih A, Ugréi¢ M. The use of finite elements method in vibration properties characterization of mouse embryo. Symposium Non-
linear Dynamics with Multy- and Interdisciplinary Applications (SNDMIA 2012), Belgrade, October 1-5 th 2012 (Eight Serbian
Symposium in area of Non-linear Sciences) A-01:1-15. SCIENTIFIC REVIEW. Series: Scientific and Engineering Editor-in-Chief:
Slobodan Perovi¢. Serbian Scientific Society. 2013, 245-254. UDK 001
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Katica (Stevanovié) Hedrih and Tijana Ivancevic, RIGOROUS KINETIC
ANALYSIS OF THE RACKET FLICK-MOTION IN TENNIS FOR GENERATING
TOPSPIN AND BACKSPIN, In: International Journal of Mathematics, Game
Theory and Algebra , Volume 20, Issue 2, pp. 1-26 © 2011 Nova Science
Publishers, Inc., ISSN: 1060-9881



RIGOROUS KINETIC ANALYSIS OF THE RACKET
FLICK-MOTION IN TENNIS FOR GENERATING

TOPSPIN AND BACKSPIN

Katica (Stevanovié) Hedrih and Tijana T. Ivancevic’
Mathematical Institute SANU, Serbia and
Tesla Science Evolution Institute, Australia
















Simonovié J., (2013), Synchronization in Coupled Systemswith Different
Type of Coupling Elements, Differential Equationsand Dynamical
Systems, Volume 21, Issue 1 (2013), Pp. 141-148, © Springer 2013.
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Karakteristicni atraktori asinhronizacije u sistemu viemenskih funkcija
oscilovanja dve ploce spregnufte slojem visko-elastiénih nelinearnih elemenata sa
prinudama istih amplituda za razliéite podetne uslove i ¢, =123 1 5. =5.. =025 @)

Tl)=05 Lit)= 0.2, 7t)=Tle)=05 B) T)=035 T(1)=02, T1)=T(t)=0



C*

Fazni dijagrami hibridnih nelinearnih podsistema spregnutih statickim
vezama sa spoljasnjom pobudom. a* koeficijent krutosti staticke sprege je
a’=06 , b*a>=08 | C*a’=0.87 a U sva tri dlucaja pocetni usovi su isti
x,(0)=2.49,%(0)=-0.2 1 x,(0)=2.5,%,(0)=-0.2
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Amplitudno-frekventna kriva prvog harmonika o,

= £(0,,,) za fiksirane

vrednosti druge kruine frekvencije prinudne sile 2., , i povecana vrednost

ampktude drugog harmonitka Spﬂ{;asnje pabude

L] = 008

- - e 0, =202
e 0, =100[s] & =10k P =y
pl — e _““‘\'
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Tomislav Petrovic: Na slici 1. su dati analizirani
modeli fiziCkog klatna sa pokretnim osloncem.
Klatno duzine | i mase m osciluje pod dejstvom sile u
pokretnoj tacki oslonca A .

Kretanje taCke A moze biti pravolinijsko ili kruzno .
Analizirajuci mogucnosti prakticne primene povoljniji
je sluCaj oscilovanja klatna Ciji se pokretni oslonac (
taCka A) krece po kruznoj putanji oko nepokretne
taCke Ao. Saglasno tome koncipirana je struktura i
nacin funkcionisanja novog mehanizma za
transformaciju oscilatornog u jednosmerno kruzno
kretanje slika 2.

U dosadasnjem radu su pored napred re€enog
koncipirana nova konstrukciona reSenja ovog
mehanizma koja bi u praksi mogla imati primenu.

Ostvarene teorijske rezultate nazalost
nisam u mogucnasti da proverim
eksperimentalnim putem zbog
nedostatka finansiskih sredstava za
realizaciju dosta slozenog i prilicno
zahtevnog opitnog stola i skupe
laboratorijske opreme.



Phase Trajectory Portrait of the Vibro-
Impact Forced Dynamics of Two Heavy
Mass Particles Motions along Rough Cyrcle

Katica R. (Stevanovic¢) Hedrih
Mathematical Institute SANU Belgrade

ul. Vojvode Tankosiéa 3/22, 18000 Nis, Serbia
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*Faculty of Technical Sciences, Kosovska Mitrovica, University of PriStina
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¢(O) - ¢ Figure 8. Heavy material particle oscillations along
0 rough circle with moving limiter in radial direction as a
limiter wit double functions both sides impact limitation
of the elongation; Positions of the limiter (a*) ,,on“ and
(b*) ,,off*“. Generalized coordinate ¢ and plan of the
active and reactive forces; The ,,double relative*
equilibrium positions with properties of the altenations
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Figure 9. Phase
trajectory branches(¢.¢) ,
of the vibroimpact
system on the basis of
the heavy  material
particle motions along
rough circle with one
radialy moving limiter
and with both side
limited angular
elongation for the case
that coefficient oft dray
Coulomb’s type friction
4 =0,05
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Figure 10. Graphical presentation of the constraint normal reaction, (¢ ,
or preassure of the material particle on the rogh circle of the vibroiPn’pact
system on the basis of the heavy material particle motions along rough circle
with one radialy moving limiter and with both side limited angular elongation
for the case that coefficient oft dray Coulomb’s type friction ;=005 . b* is
detail of the main graphical presentation in a*.



Figure 11. Graphical presentation of the kinetic energy (Ek,¢) of the
material particle on the rogh circle of the vibroimpact system on the basis
of the heavy material particle motions along rough circle with one radialy
moving limiter and with both side limited angular elongation for the case that
coefficient oft dray Coulomb’s type friction #=0,05 | b* is detail of the
main graphical presentation in a*.



Figure 13. Graphical presentation of the system total mechanical energy
: (E, ¢) of the material particle on the rogh circle of the vibroimpact
system on the basis of the heavy material particle motions along rough circle
with one radialy moving limiter and with both side limited angular elongation
for the case that coefficient oft dray Coulomb’s type friction #=0,05. b* is
detail of the main graphical presentation in a*.



Figure 14. Graphical presentation in the plane (Pw¢) power of the friction
force of the material particle moyion reaction on the rogh circle of the
vibroimpact system on the basis of the heavy material particle motions along
rough circle with one radialy moving limiter and with both side limited
angular elongation for the case that coefficient oft dray Coulomb’s type
friction 1 = 0,05 . b* is detail of the main graphical presentation in a*.
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VIBROIMPACT SYSTEM DYNAMICS:
HEAVY MATERIAL PARTICLE
OSCILLATIONS ALONG ROUGH CIRCLE
WITH ONE SIDE IMPACT LIMIT



| ntroduction

Let us, to use principle of dynamical
equilibrium and on the basis of this
principle, we can write vector equation
of the heavy material particle motion
along rough line in the following form:

. +G+F,+F,=0

Heavy material particle oscillations along rough
circle with one side impact limit elongation

By use natural coordinate system:

(- m\'/'lﬁ)+(—mv2 Nj+ mg (- sin ¢T —cos ¢N )+ F N —,quNv =0

R v
where R is the radius of the parth line curvature at the point of the
material |5art|cleterm|nate Rosmon._ and N are unit vectors of
the tangent and normal to the path line at terminate position.



Goveening dhiffereniim] sipraion of iie heayy materiml paritele nseillation
along eough ciicls with oag sule inpast limi elyagainn

Vector equation contains two scalar equations, and after elimination
normal and tangential components of the rough circle line reaction, we
obtain a ordinary nonlinear differential equation expressed by generalized
coordinate @ in the following form:

: g A
p)p’tga, + Rcosa sin(@(z)a, ) =0

in which upper sign is for [¢ >0 and lower sign for [<0 , according
alternations of the friction force alternations, correspond to the opposite
direction of the material particle motion. For complete conditions of the
material particle motion it is necessary to add initial conditionsi@(0) = ¢,
and(@(0) = @ , as well as one sideimpact limit conditioni@(t, .. ) = 0

¢(tul.i—) = ¢ul.i— and ¢( ul |+) ~ _k¢ul i- | :1’2131""1n| where N s total
number of the impacts before appear no impact oscillations or state of the
rest of the material particle.




Chase trajeeioey opeaiion of the heavy matecinl paviele aseillaiin
along owgh civele with one side impact it clongaiion

By introducing the following ¢2 = Ul a transformation of the nonlinear
differential equation give a first order differential equation with
corresponding integral in the form:

O = g con, EE) 2000, s )] o)
where C is integral constant depending of initial conditions for the
corresponding interval of the material particle motion and in which upper
sign is for@and lower sign for (< , according alternations of the
friction force alternations. This previous equation is equation of the phase
trajectory in the phase plane (g, ¢) containing representative phase point
(t P, ¢)‘ presenting kinetic state of the material particle oscillations.
For first phase trajectory branch, from initial Kinetic state to the first
Impact moment, we use equation with upper sign, for the case ¢ >0

2 2 gay
ED= 1, g a)Rcow [cos(#({ a,) - 219, sin(@{} @, )1+ G, (¢, 4,) €




Phase trajectory equation of the heavy material

particle oscillations along rough circle with one
side impact limit elongation
where C, (@, , @, ) integral constant defined by the following expression:

C, (0, ,) = €74 {¢s s gt rcosa, 50+ @) -20a0sin(0, 4, )]}

1+ 4tga, JReos a,

Firest impact appear at the moment:t = U, 1-|, corresponding to one side
impact limit |@(t,, ,_) = J|and corresponding impact angular velocity:

¢(tul ,1—) - ¢ul,l—

2 _ o,
Pus= \/(1_'_ 4'[920’?)RC080’0 [COS(J +a,)-2tga,sin(d + a, )] +C,(¢,, ¢,)e%

at the moment [t =1, ,_|:

J

t, = | d¢

2 . oo
b e g rcosa 1050 1)~ 200, sinlg+ )+ C (4, )




Phase trajectory equation of the heavy material
particle oscillations along rough circle with one

side Impact limit elongation

The normal constraint reaction F__ (@) in the function of the generalozed
coordinate @ , as a normal preassure of the heavy material particle to the
rough circle line in the frst time interval motion, before first impact, and
corresponding for the force of friction F, (@) = —uF, (@) is defined by
following expression:

2 : ~24tgar
F\ =mgcos ¢+ m'{ m 4tgzaf)Rcowo [cos(¢ + a, ) - 2tgay, sin(¢ + a, )]+ C, (8, ) > ]

Second interval of the material particle motion after first impact, and
between first and second impacts, we splite to the two subinterval First
subinterval iIs between first impact and first state of the alternation of the
friction force, and second subinterval is between first state of the
alternation of the friction force, and second impact.

For second phase trajectory branch in the first subinterval, from first
Impact kinetic state to the first alternation of the direction of the friction
force, we use equation with lower sign, for the case 9<0 .




Phase trajectory equation of the heavy material
particle oscillations along rough circle with one
side impact limit elongation

Graphical presentation

Power of the work of the friction force between impact
and alternations of the friction force directions

An example of the phasetrajectory The normal constraint reaction Fy !



Numerical example and visualzation

By use MathCad program for the geometrical and kinetic parameters of
the material particle motion along rough circle with one side impact limit
elongationim=0,2lkg], [R=0,5/m], |u =tga, =0.05 (dimension less),

_7 e 7T
5—4[rad1 P, T [rad]

we obtain a phase trajectory presentation of the impact system dynamics
with initial conditions determining ten impacts. Thus phase trajectory is
presented in Figure 1.

S S

b= ] sl ] k=1

After ten impacts osilations of the materijal particle is without impacts.
For same example a graphical presentation of the normal constraint
reaction in thefunctions of tis presented in Figure 2.



Numerical example and visualization

Figure 1. An example of the
phase trajectory of the
vibroimpact  system  with
Initial conditions determining
ten impacts

Figure 2. An example of the
normal constraint reaction F(#)
iIn the functions of @ of the
vibroimpact system with initial
conditions determining  ten
Impacts




Marinko Ugrcic amd Miodrag IvaniSevi¢, Characterization of the Natural
Fragmentation of High EXxplosive Projectiles Using the Numerical
Technigues based on the FEM, (to appear)
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KATEGORIJE RADOVA U OBJAVLIJENIH U 2013.

Kategorija Broj Klasa sistema sa Koncept stabilnosti
radova radova | kasnjenjem

regularni

M23 3 regularni, singularni FTS,
prakti¢na stabilnost

M24 1 regularni FTS

M33 5 regularni, singularni FTS,
prakti¢na stabilnost,
FTB

M42 5 regularni, singularni asimptotska stabilnost,
FTS,

prakti¢na stabilnost,
FTB



ANALIZA NAJZNACAINIJIH REZULTATA

U navedenim radovima razmatrana je stabilnost
na konacnom i beskonachom vremenskom
intervalu sistema sa kasnjenjem sa ili bez
prisustva neodredenosti u modelu.

e Pored regularne klase sistema, razmatrana je i
<lasa singularnih (deskriptivnih) sistema sa
Kasnjenjem.

* Problem upravljanja ovim sistemima realizovan
je u povratnoj sprezi koriste¢i metodu
stabilizacije sistema.




M22

Na osnovu kvazi Ljapunove metode i svojstva matri¢nih nejednakosti, izvedeni su
dovoljni uslovi robusne stabilnosti i stabilizacije na kona¢nom vremenskom

intervalu sistema sa kasnjenjem i prisutnim neodredenostima.

Theorem 2. There exists a memoryless state feedback controller such that the closed-loop system is FTS with

respect to (c,c,,T), ¢ <c,, if there exist a nonnegative scalar a, positive scalars A

positive-define symmetric matrices X , Y and matrix Z such that the conditions hold:

(AX+XA +BZ+Z'B" +Y -aX
+AD,D, +JD,D] +&£D,D]

AX XEI 0 Z'E]

o= ] -Y 0 Xg O
] O -AL 0 0
] O O -3 0
] O O O -el

_Cze_aTlgl + ClIBZ + TCL,BS <0

{x '}0, {,3;% '}o, {Y'l X‘l}o
| Bl | X X1 Bl

The memoryless state finite-time controller gain is given by K = zX™.

0, &, B B B,

<0




Trajectories

Problem projektovanja kontrolera u povratnoj sprezi resen je pomocu linearnih
matri¢nih nejednacina i uz primenu CCLI algoritma.

Simulacija projektovanog sistema upravljanja

otvoreni sistem zatvoreni sistem

Trajectories




M23

e U radu je razmatrana stabilnost na konachom vremenskom intervalu za
klasu linearnih kontinualnih sistema sa kasnjenjem. Koristeci podesan
kvazi Ljapunov funkcional, kao i Jensenovu i Kopelovu nejednakost,
izveden je uslov stabilnosti na konaCnom vremenskom intervalu u
obliku skupa algebarskih nejednakosti.

Theorem 1. The time-delayed system with is finite-time stable with respect to {a, B, T} if there exists

a positive scalar L such that:

X (t-9)x(t-9) <gx' (t)x(t), g>0, SO, 0],

-1
(1+r)(1+z//)(1— qugje"max(E)T <

Q™

Crfmex (), N1 3 g

2y

where:

R=2+Q(0), Z=R+R ¢ =1, (Q(0)Q"(0))
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4, (R) being matrix measure of matrix Rand Q(0) is any solution of the following nonlinear

transcendental matrix equation: eA°+Q(O)TQ(0) =A.

Time




M23

KoristecCi kvazi Ljapunove funkcije izvedeni su novi, dovoljni uslovi stabilnosti,
od kojih neki zavise od kasnjenja, a drugi su nezavisni. Pri analizi koncepta
prakticne stabilnosti, prethodno pomenuti prilaz kombinovan je sa klasicnom
Ljiapunovom metodom kako bi se obezbedila atraktivna prakticna stabilnost
razmatranog dinamickog ponasanja sistema. Prilaz sa stanovista LMI metode
je takode primenjen sa ciljem da se oslabe neki od ogranicavajucih uslova iz
prethodnih rezultata.

Theorem 3. Singular time delayed system is regular, impulse free and
finite time stable with respect to {a, B, T}, a<p, if for some fixed

nonnegative scalar L there exist positive scalars A, A, and A,

nonsingular matrix P, positive definite matrices 'l and Q, such that
the following conditions hold:

PE=E'P'>0, PE=E'ME
AJPT+PA,+Q- [BE1 PA]_ .
* -Q
A<M, AI>PE, Al>Q, -pBe“A+a) +arA <0
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e YxKa Kateropmja (M36): Ypehusame
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* Proceedings, 15tInternational Congress of
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Napomena uz radove

 Godine 2013 napravljen je pomak uvodenjem
teorije verovatnoce u predhodna istrazivanja
koja su se odnosila na reanalizu konstrukcija.
Analizirana su moguca odstupanja ulaznih
parametara, i pri tome je koris¢ena Monte
Karlo metoda. U nastavku autor Ce se baviti
daljim istrazivanjima iz ove oblasti.

 Osim toga dat je jedan pregledni rad iz oblasti
Wavelets na kongresu mehanike, sto takode
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Spisak polozenih ispita u 2013. go(

Re. Br. Predmet Profesor Ocena
1 O metodana naucno istrazivackog rada i komunikacije prof. Dr MiloS Nedeljkovi¢ 10
2 Visi kurs matematike prof. Dr Slobodan Radojevié¢ 10
3 Numericke metode prof. Dr Miodrag Spalevi¢ 10
4 Odabrana poglavlja iz mehanike prof. Dr Zoran Mitrovic¢ 10
5 Tenzorski racun prof. Dr Zoran Stoki¢ 10
6 Analiticka Mehanika prof. Dr Olivera Jeremic 10
7 Epistemologija nauke i tehnike prof. Dr Zoran Stoki¢ 10
8 Oscilacije mehanickih sistema-linearne prof. Dr Aleksandar Obradovi¢ 10
9 Oscilacije mehanickih sistema-nelinearne prof. Dr Zoran Mitrovi¢ 10
10 Stabilnost kretanja sistema prof. Dr Zoran Mitrovi¢ 10
11 Dinamika sistema krutih tela prof. Dr. Mihailo Lazarevic¢ 10
12 Upravljanje kretanjem mehanickih sistema prof. Dr Aleksandar Obradovi¢ 10
13 Mehanika kontinuuma prof. Dr Zoran Stoki¢ 10
14 Mehanika sistema promenljive mase prof. Dr Olivera Jeremic 10
15 Mehanika neholonomnih sistema prof. Dr Dragomir Zekovi¢ 10
16 Mehanika udara prof. Dr Mirko PaviSi¢ 10




Objavljeni radovi | nagrade u 2013. godini

Spisak prezentovanih radova na kongresima i sSimpozijumima:

[1] Radulovi¢, R.: Shooting method in determining global minimum time of
brachistochronic motion, in: Proceedings of the 4™ International Congress of
Serbian Society of Mechanics,04-07.06.2013, VrnjaCka Banja, pp. 159-164.

[2] Radulovi¢, R., Obradovic¢, A. and Jeremic, B.: Brachistochronic Motion of a
Nonholonomic Mechanical System with Limited Reactions of Constraints, in:
Proceedings of the 4™ International Congress of Serbian Society of
Mechanics,04-07.06.2013, VrnjaCcka Banja, pp. 903-908.

Spisak radova u Casopisima:

[3] Radulovi¢, R., Obradovi¢, A. and Jeremic, B.: Analysis of the minimum
required coefficient of sliding friction at brachistochronic motion of a
nonholonomic mechanical system, FME Transactions, 2013.

IstrazivaC Radulovi¢ Radoslav je nagraden prestiznom nagradom ,Rastko
Stojanovic” za rad [1] kao samostalni autor na medunarodnom kongresu
Srpskog druStva za mehaniku koji je odrzan u Vrnjackoj Banji od 04.-07. juna
2013. godine.



Analiza najznacajnijih

&el;qgtﬁt?l] razmatra se problem brahistohronog kretanja za opsti
slucaj holonomnog skleronomnog mehanickog sistema.

» Daje se postupak odredivanja globalnog minimuma za sisteme sa 3

DOF , gde je moguce dati i grafiCke prezentacije u trodimenzionom
prostoru, gde je tre¢a dimenzija krajnji trenutak.

» Globalni minimum vremena kod brahistohronog kretanja krutog tela
moze se dati na osnovu grafickog prikaza reSenja sistema nelinearnih
jednacina, kao 1 globalne procene koordinata spregnutog vektora.

U4 = fw(;{l’ izo’tl)’ (91 = fe (/11’ /120’1:1) | ) = f(/J (/1 A t)

11 77201 1




» U radovima [2] | [3] analizira se problem brahistohronog kretanja
mehanickog sistema, na primeru jednog upros¢enog modela vozila.

» Sistem se kreCe izmedu dva zadata polozaja pri neizmenjenoj
vrednosti mehaniCke energije u toku kretanja.

»NumeriCko reSavanje dvotackastog granicnog problema vrsSi se
metodom Sutinga.

»Na osnovu tako dobijenog brahistohronog kretanja odreduju se
aktivne upravljacke sile, a ujedno i reakcije veza.

»Koriste¢i Kulonove zakone trenja klizanja, odreduje se minimalna
vrednost koeficijenta trenja klizanja, da ne bi doslo do proklizavanja
vozila u taCkama kontakta sa podlogom.
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DRAGOMIR N. ZEKOVIC, DIFFERENTAIL EQUATIONS OF
MOTION FOR MECHANICAL SYSTEMS WITH NONLINEAR
NONHOLONOMIC CONSTRAINTS - VARIOUS FORMS AND
THEIR EQUIVALENCE, SCIENTIFIC REVIEW, ISSN 0350-2910,
BELGRADE (2013), Serbian Scientific Society, p.p. 179-196
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Objavljeni radovi | nagrade u 2013. godini

Uza kategorija M33: Radovi saopsteni na skupu medunarodnog znacaja,
Stampani u celini

MECHANICAL PROPERTIES 4 (29th Yu) International

INVESTIGATION OF Congress of Serbian V. Velji¢, A. Serbian Society of
COMMERCIAL Society of Mechanics held Debeljkovic, 2013 . Pp- 591-597 ISBN 978-86-909973-5-0
AND AND NANOPHOTONICS ; I : b.K Mechanics
in Vrnjacka Banja, 4th - -toruga
SOFT CONTACT LENSES
7th June, 2013.
STUDY OF MECHANICAL h .
PROPERTIES OF COMMERCIAL 4 (29th Yu) International
AND Congress of Serbian V. Veljié, A. SalianSadic; o
NANOPHOTONICS MATERIALS Society of Mechanics held Debeljkovi¢, 2013 Mechanics Pp- 961-967 ISBN 978-86-909973-5-0
FOR SOFT CONTACT LENSES in Vrnjaéka Banja, 4th _ b .Koruga
BY OPTOMAGNETIC h
SPECTROSCOPY 7th June, 2013.

Uza kategorija M24: Rad u casopisu medunarodnog znacaja
verifikovanog posebnmom odlukom

L. . A. Debeljkovic,
Characterization of materials for )

commercial and new Journal: FME Ve V.?UIC,. Faculty of Mechanical

. . V. Sijacki- 2014 . . .
nanophotonicsoft contactlenses  Transactions, Zeraveic Engineering, Belgrade, Serbia pp. 141-146,
by Optomagnetic Spectroscopy Volume 42, No 2, L. Matija,Dj.

Koruga



U radu ,MECHANICAL PROPERTIES INVESTIGATION OF COMMERCIAL
AND AND NANOPHOTONICS SOFT CONTACT LENSES® koris¢en je AFM
skenirajuc¢a tehnikom kojaom je potvrdeno da su mehaniCke osobine mekih
kontaktnih soCiva bolje kada se u komercijalna meka kontaktna socCiva
Implementiraju nanocestice

U radovima , STUDY OF MECHANICAL PROPERTIES OF COMMERCIAL
AND

NANOPHOTONICS MATERIALS FOR SOFT CONTACT LENSES

BY OPTOMAGNETIC SPECTROSCOPY* i, Characterization of materials for
commercial and new nanophotonic soft contact lenses by Optomagnetic
Spectroscopy” koris¢ena je metoda optomegnetne spektorskopije, koja je dala
znacCajne kvalitativne rezultate u pogledu mehanickih i optiCkih karakteristika
kontaktnih socCiva napravljenih od nanomaterijala



M. Jeli¢, I. Atanasovska: THE NEW APPROACH FOR
CALCULATION OF TOTAL MESH STIFFNESS AND NONLINEAR
LOAD DISTRIBUTION FOR HELICAL GEARS, Mechanisms and
Machine Science (Book Series), Series Ed.: Ceccarelli Marco,

ISSN: 2211-0984, Vol. 13: Power Transmissions (Proceedings of
The 4th International Conference on Power Transmissions- PT
12, June 20 -23, 2012, Sinaia, Romania), Editor: G.Dobre, ISBN:
978-94-007-6557-3 (Print) 978-94-007-6558-0 (Online), Publisher:

Springer Science + Business Media Dordrecht 2013, doi:
10.1007/978-94-007-6558-0 52, pp. 645-654
http://link.springer.com/chapter/10.1007/978-94-007-6558-0 52#

|. Atanasovska, M. Vuksi¢ Popovi¢: DYNAMICS OF GEAR-PAIR
SYSTEMS WITH PERIODIC VARYING MESH STIFFNESS - SPUR
GEARS VS HELICAL GEARS, Series: Scientific Review, Scientific
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Abstrakt.

Opisan je novi pristup reSavanju krutosti spregnutin zubaca
| raspodele opterecenja za zupcCanike sa kosim zupcima.
Krutost para spregnutih zubaca je parameter koji varira u
toku perioda sprezanja i takode duz kontaktne linije
spregnutin zubaca, pa se moze precizno izracunati samo
IStovremenim reSavanjem oba navedena zadatka. Metoda
konacnih elemenata koriS€¢ena je za proracun promene
ukupne deformacije | raspodele opterecenja u vremenu | duz
kontaktne linije.

Koris¢en je model dinami€kog ponasanja zupcastog para u
komparativnoj analizi zupCanika sa pravim i kosim zupcima
sa aspekta njihove stabilnosti. Dobijeni rezultati prikazani
kao fazni portreti potvrduju da zupcanici sa kosim zupcima
Imaju stabilniji rad od zupCanika sa pravim zupcima iste
geometrije i pri istim optere¢enjem.



Pojednostavljeni dinamiCki model zupCastog para - zupcasti par se
simulira sa dva diska izmedu kojih se kontakt simulira nelinearno
promenljivom krutosti sprege i prigusenjem sprege

a) model Il — sa dva stepena slobode, b) model | — sa jednim stepenom slobode
% +d, ()% =% ) +k, (0% =% )= F, (©) m_%+d, ()%+ K (t)x = F. (1)

m,%, = d,(0)(% = %) -k, ()(x = %)= -F, ()
mi (i=1,2) — ekvivalentna masa zupCanika 1 i 2; mred — redukovana masa
zupCanika; kz(t) — krutost sprege; dz(t) — priguSenje sprege; Fn(t) — funkcija
raspodele spoljasnjeg opterecenja



Zupcasti par sa

pravim zupcima

I

[w] uswaoe|dsig

Zupcasti par sa
Kosim zupcima




spur gear pair
helical gear pair




Jelena M. Djokovi¢, Ruzica R. Nikolic,
“ CRACK DEFLECTION AT AN INTERFACE BETWEEN THE TWO ORTHOTROPIC MATERIALS",
Proceedings Fourth Serbian (29t Yu) Congress on Theoretical and Applied Mechanics,
Vrnjacka Banja, Serbia, 4-7 June 2013, C43, pp.535-540, ISBN 978-86-909973-5-0

In this paper is presented studying of the problem of a crack that approaches interface between the two orthotropic
materials at the right angle. The three possible cases of the crack attacking the interface were considered: crack penetrates
the interface and continues to grow in the material above it; the crack deflects into the interface as a single branch and
crack deflects into the interface in two branches (double deflection).

Based on results presented in this paper, it can be concluded that the ratio of energy release rates depends on variation of
the anisotropic parameters A,, A,, p, and p,. It is noticed that the value of the G,/G,, ratio changes within interval 0.2 to 5.
When the value of this ratio exceeds this means that crack approaching interface at the right angle will deflect into it even if
the interface toughness is higher than the toughness of the base material.

Results presented in this paper provide the possibility for comparison of the interface and base material (substrate) tough
nesses, for the purpose of determination whether the incoming crack would deflect into the interface or would it penetrate
the interface and continue to propagate in the second material above it. If the ratio of the interface fracture toughness to
fracture toughness of the material into which the crack continues to propagate is less than the ratio of the energy release
rate for the crack that deflects into the interface and the energy release rate for the crack that penetrates the interface, the
crack will deflect into the interface. If this relation is reversed the crack will penetrate the interface.



Jelena M. Djokovié, RuZica R. Nikoli¢, Katarina Z. Zivkovi¢,
"INTERFACIAL CRACK BEHAVIOR IN THE STATIONARY TEMPERATURE FIELD CONDITIONS" ,
Thermal Science, 2013, Vol. 17, No.17, Suppl. 1, pp. S169-S178, ISSN 0354-9836.
DOl information: 10.2298/TSCI120828113D

In this paper the theoretical basis for determining the driving forces of interfacial crack propagation in a two-layer bimaterial specimen is
presented, under conditions when the temperatures of the outer layers' surfaces are different.
The analysis is limited to the fact that the two-layer bi-material sample is exposed to a stationary temperature field.

A Z .. . . . . .
T The driving force of the interfacial fracture, in this case, is the energy
i release rate G, which is determined as a function of the temperature
X

il Ta i A loading. It was noticed that the energy release rate tends to increase

interface with increasing temperature difference. This relation can be used to
T predict the maximum temperature differences the two-layer sample
2a can sustain without delamination.

The highest value of the energy release rate is for a crack located at
# approximately one fifth of the sample thickness, what means that it is
! the most likely that the crack, which causes the sample delamination
T2 lies at this distance.

Variation of the Biot's number imposes significantly higher influence on Mode Il stress intensity factor and in the case of the
mixed mode crack propagation the value of dimensionless stress intensity factor for Mode | is much smaller than the value of this factor for
Mode II. The Biot's number B, plays an important role in heat flow through the crack.

For large values of the Biot's number, the energy release rate G has a relatively lower value, which means that the crack opening is
small. However, when B_is small, the energy release rate is large, as well as the crack opening, namely crack is completely and totally isolated,
and suitable for delamination of the sample if the temperature gradient is sufficiently large.

The threshold of the temperature difference also increases with temperature. If the threshold exceeds the imposed temperature
difference, delamination of the sample should not be expected. The heat flow through the crack can be significant and the assumption of a
perfectly isolated crack would be wrong.



Jelena M. Djokovic, Ruzica R. Nikoli¢, Katarina M. Veljkovic,
"OPTIMIZATION OF PLATES WITH PRISMATIC CORES",
Proceedings of ICET 2013 — International Congress on Engineering and Technology,
25th — 27th June, 2013, Dubrovnik — Croatia, pp. 159-166. ISBN: 978-8-87670-08-8

H‘l—
In this paper are analyzed multifunctional sandwich plates
l l transverse |ongitudinal & c with prismatic cores. The comparison of those plates to plates
l l l loading loading l l l l . with honeycomb cores was performed. An estimate was done
< - of optimal dimensions and minimal mass of plates with

prismatic cores. The two loading directions were considered,
longitudinal and transversal. The fracture mechanisms are

derived that take into account mutual interaction of the core

and the basic plate during buckling for each loading direction.

[re.

The dimensionless expressions were derived for the loading combination of transversal force and bending moment for each fracture mechanism.
Four variables were used in dimensions optimization, which reduces the sandwich plate mass. The plates with prismatic cores have best
performances when loaded longitudinally, since the plate characteristics are restricted by buckling of a plate and not of a beam. Plates with the
honeycomb cores are more efficient related to weight, than the plates with the prismatic cores for smaller loads. This advantage vanishes with
load increase. Large plastic deformations of material used in manufacturing of the sandwich plates produce better performances for the plates
with the prismatic cores. To emphasize advantages of those plates the comparison to sandwich plates with the truss cores was also performed

Jelena M. Djokovi¢ and Ruzica R. Nikoli¢,
"COMPARATIVE OPTIMIZATION OF SANDWICH PLATES WITH PRISMATIC AND TRUSS CORES",
Proceedings 10-th European Conference of Young Researchers and Scientists, TRANSCOM 2013,
24-26 June 2013, University of Zilina, Zilina, Slovak Republic, pp.71-74, ISBN 978-80-554-0695-4

In this paper have been analyzed multifunctional sandwich panels with prismatic and truss cores. Their behavior have been compared with
panels designed using honeycomb cores. The optimal dimensions and the minimum weight of sandwich panels with prismatic and truss cores
have been evaluated and their mutual comparison. Non-dimensional expressions are obtained for combination of bending moment and shear

force for both coress. A quadratic optimizer is used to ascertain the dimensions that minimize the panel weight. Honeycomb core panels are
more weight efficient than prismatic and truss core panels at low load capacity. The benefit diminishes as the load increases. The large the yield
strain of the material used to manufacture the panel, the grater the performance, and the larger the benefits of the prismatic core



Jelena M. Djokovi¢, Ruzica R. Nikoli¢ and Jan Bujnak,
"FUNDAMENTAL PROBLEMS OF MODELING THE FRACTURE PROCESSES IN CONCRETE I:
MICROMECHANICS AND LOCALIZATION OF DAMAGES",

Procedia Engineering (2013), pp. 186-195 ISSN: 1877-7058.

DOl information: 10.1016/j.proeng.2013.09.029

This paper presents an attempt to review some of the most important works in the area of modeling the fracture processes in concrete. Here are
considered two out of several major issues the researchers are confronted with when studying this field: micromechanics and localization of
damages leading to concrete fracture. From the very first works of Vile and Bazant, numerous scientists have studied the mentioned problems.
Plethora of papers was published on defining the constitutive law for concrete, with more or less success. Works of BaZant, Stroeven, Ferretti
and others are major contributions in understanding the fracture process initiation and development in concrete. The problem of damage
localization-the strain softening is also a very important one. This process starts from the beginning of loading and progresses with load increase.
The interactions of the preexisting cracks due to acting load are yet to be fully explained and understood. All the works published on those
subjects until now are explaining some of the aspects in searching for the solution how to explain, understand and prevent the concrete fracture.
The complete and final answer is not in sight. There are also other major issues to be discussed, like the size effect of concrete particles on the
fracture process.

Jelena M. Djokovié, Ruzica R. Nikoli¢ and Jan Bujnak,
" FUNDAMENTAL PROBLEMS OF MODELING THE FRACTURE PROCESSES IN CONCRETE Il:
SIZE EFFECT AND SELECTION OF THE SOLUTION APPROACH",
Procedia Engineering (2013), pp. 196-205, ISSN: 1877-7058.
DOl information: 10.1016/j.proeng.2013.09.030

This paper presents the second part of the review of the most important works in the area of modeling the fracture processes in concrete. Here
are considered two out of several major issues the researchers are confronted with when studying this field: size effect and scaling laws and
phenomenological versus micromechanical approach to solving the fracture processes in concrete. Works of Vile, Bazant, Stroeven, Ferretti and
others represent major contributions in understanding the fracture process initiation and development in concrete. All the works published on
those subjects until now are explaining some of the aspects in searching for the solution how to explain, understand and prevent the concrete
fracture. The complete and final answer is still not in sight.



Jelena M. Djokovic,
"CRACK KINKING IN MATERIALS WITH THE PERPENDICULAR ANISOTROPY",
Proceedings 45-th International October Conference on Mining and Metallurgy, IOC 2013,
16-19 October 2013, Bor Lake, Bor (Serbia), pp.45-48, ISBN 978-86-6305-012-9

In this work an attempt was made to analyze the crack kinking away from the interface between the two different anisotropic materials. The
attention was focused on the kinking initiation and on the condition that the length of the segment, which is leaving the interface, is small with
respect to the crack segment that remains on the interface. Based on this analysis, the stress intensity factors were obtained as well as the
energy release rate for the kinking crack in terms of the corresponding variables for the crack prior to kinking

The practical use of this analysis is for the interface between the glued layers
and also in application of the various protective coatings on metals. Certain
special cases were considered like the crack kinking in orthotropic materials
with mutually perpendicular main axes. The competition between the crack
kinking away from the interface or propagating along it is measured by the

ratio of the corresponding “driving forces”, G° and G.

The average energy needed for the crack to kink away from the interface
increa-ses abruptly with the change of the load phase angle and then it
drops. The influence of the anisotropy, present within the two
dimensionless parameters A and p, is that the kinking will be easier, i.e., it is
easier for the crack to kink away from the interface into the "softer" of the
two materials.

The role of parameters a and 8, which reflect the mismatch of the elastic characteristics of the two materials, is shown in this paper.

The parameter a measures the relative stiffness of the two materials, while the parameter 8 defines the oscillatory nature of the field around the
crack tip. For the majority of the practical problems, the coefficient 8 ranges between -0.25 and +0.25 and its influence on the crack behavior can
be neglected. The influence of the parameter a, on the other hand, is far more prominent. For the bimaterial combinations shown in this paper
the highest probability that the crack would kink away from the interface is for the parameters combination a = 0.5 and 6 = 0, while the lowest
probability of kinking is for the case a =-0.5 and b = 0. The load phase angle is based on the reference length which is being chosen in such a
manner that its value with respect to kinking length a. The ratio G° / G versus the load phase angle decreases with decrease of a, with 8 being
constant.



NUMERICKA PROCENA VEKA ELEMENATA
KONSTRUKCIJA

analiza ponasanja konstrukcija pod dejstvom ciklicnih opterecenja

primena numerickih metoda u razvoju aplikativhog softvera za
procenu veka elemenata konstrukcija

poredenje rezultata proracuna sa eksperimentalno dobijenim
rezultatima
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Po svojoj prirodi ciklicna opterecenja, bar kada se radi o
opisivanju ponasanja aviona u letu, najcesce mogu biti

razmatrana kao:

e opterecenja konstantne amplitude

e optereéenja promenljive amplitude u vidu
“stepenastog” spektra opterecenja

e oprerecenja promenljive amplitude sa
pojedinacnim “pikovima” tj. ciklusima sa
povecanim ili smanjenim intezitetima
opterecenja

Napon [MPa]

Konstantna amplituda ué€itavanja napona

5000 10000 15000 20000
N [broj ciklusa]

Blok

Ny
N; Nin

Oma,]

MOREA' |\
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NUMERICKE METODE ZA PROCENU VEKA
ELEMENATA KONSTRUKCIJA DO POJAVE
INICIJALNOG OSTECENJA

Krive malociklusnog zamora

e Morrow-ova kriva malociklusnog zamora je oblika
Ae O, -0

2
= Manson-Halford-ova kriva malociklusnog zamora:

" N7+ N

. . . |
Ae _0; -0, N + O; 'om £ NS
2 E O,

=  Smith-Watson-Topper -ova kriva malociklusnog zamora

A . . o
Pswr = 1/ O max _SE = \/(Of )2 (Nf )2b + Eo; g, (Nf )b




i) Racunanje broja ciklusa do pojave oStecenja

nl |1 |
n2 |1 |
n3 |1 |
nd |1 |

|zabrari test

b oo
ST
Moo
ST
Moo
ST
b o
ST
b oo
ST

Sigmaf |241 C |-D.83 Smin1 |1 Smax1 |10
Epsilonf |II|.1EB Kt |4.2?‘ Smin2 Smax2 |
E |1|:||:||:||:| Kprim |1|:|1 Smin3 Smax3 |
b 0,149 nprim [oo4  Smind [ Smaxd |
| SWT j |zracunaj | Brisi | Broj blokova |1
b akzimalan napon | Minimalan napan | zigl ol BrojCikluza
Al 3 g4 336E0960  -30.94525344 3757 88606793411
Al 3 g4 336E0960  -30.94525344 212 6146510602,
2h 258 8211934485  -13.95600068 39600 22607454345
2h 25 8211934485 -13.95600068 4546.353562501142
2N & FEAA038 2 1120371223 34620, 7158227465
20 2 FRO8038412 1120371223 10708.5606354795
15 15 6399449522 B.346365517  270369.6REE/7R1E
15 15 6399449522 B.34B365517 B3704.1977763114
10 1 42 70000507 4269822605 BH17231. 26032748
4 1 42 700005070 4269822605 8081 29.28290633
*

Program za ra€unanje broja ciklusa do pojave oSteéenja omoguéava korisniku
izbor kriterijuma za procenu veka. Ponudeni su Morrow-ov | SWT Kkriterijum.



Rezultati raCunanja broja ciklusa pri Sirenju prskotine na epruveti P1-
CCT-2219 sa otvorom koji ima jednu prskotinu

Direktno reSavanje diferencijalne jednacine

N DeltaSigma Delkak. F.max a
» 800 5516 140.39106221965 140.38106221966 2 0B1E6767103115
1500 5516 142 5355700402 142 5355700402 212543545963429
2400 5516 144.727144432275 144.7271 44432275 2.19129878946371
3200 5516 146, 956426705158 145, 355425705143 2 25932537045369
4000 5516 149 224069233573 149, 224069233573 2 32950933669787
4500 5516 151 530735618326 151.530735618315 2 4021633014526
5500 5516 153.877100910438 153.8771 00910438 2 4713458731982
I preTp— = = 2 55457502891959
7200 2 B34571 35263075
gopp || 1452995547 21383 2 21 2 7172012908972
gagp ||<oN2.73140727 25 &l e 2 0258090120814
qepp | 665.16401541138 22 23 2 BI07TE2ETIAT
10400 | 4773 SEE12E8E47 23 24 2 551 89208555195
11200 S5537 80691121492 2.4 25 3 0FE027 704574
12000 | [65856.31553515177 25 26 3 173284609637E5
12000 | 7534.36649255534 25 27 327700097
13600 | |6775.01473665834 27 28 337759301 233302
14400 | |9650.95463542215 28 29 3.48486713178669
15200 | 10554 7146599741 24 3 3 5957097044491
16000 | 141395 3961 259554 3 | 1 71024210299965
16800 | 12214 0054328053 31 32 3.82898367627155
17E00 | 113003 231 1 556666 3.2 33 3.35088283373038
ul 13767 9970709697 33 34

14509 451 7266175 54 35

15229 1352109794 35 36

15925 1935717526 36 37 X3

16607 7912712171 57 58

17268.9719891417 38 39 jf(x)dx-—(f(x0)+3f(xl)+3f(x2)+ f(xg))——f(“ ()i (% <&<X)

17912 BIS050147 54 4 %

Gauss-Legendre-ova formula



Primer kablovski vodenog robotskog sistema: CABLE-SUSPENDED
PARALLEL ROBOT TYPE C (CPR-C System)

www.zI50.com/Article.aspx?wd=0ff...

Ljubinko Kevac, Innovation Center of School of Electrical Engineering,
Bulevar Kralja Aleksandra 73, 11000 Belgrade, Serbia,
ljubinko.kevac@ic.etf.rs, ljubinko.kevac@gmail.com,

Mirjana Filipovic, Mihajlo Pupin Institute, The University of Belgrade,
Volgina 15, 11060 Belgrade, Serbia, mira@robot.imp.bg.ac.rs
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Matematicki model sistema CPR-C

D= [x y z]T spoljasnje koordinate, pozicije kamere u

3D prostoru

¢:[0 6 e]T o
172 3 pozicije motora

- potrebno je nadi vezu izmedu ¢=JcLP

unutr. i1 spolj. koord. Sto daje
Jakobijeva matrica — vidi se da je
matrica puna, Sto znaci da postoji J, =
veliko kuplovanje izmedu unutr. |
spolj. koordinata

cl1

c21

c31

unutrasnje koordinate, angularne

cl2

c22

c32

cl3

c23

c33
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Matematicki model sistema CPR-C

E, = ¥ M+ Y G + Y in® B, = mig [z

- KinetiCka | potencijalna energija

u=G,p+L, p+S [RIC. F

- Dinamicki model sistema, gde su: u-vektor napona na motorima
(upravljanja), Gv — dijagonalna matrica inercije tri motora, Lv —
dijagonalna matrica prigusenja tri motora, Sv — dijagonalna matrica
geometrijski karakteristika, F — spoljasnje sile, R — vektor poluprecnika
tri Cekrka, Cc — matrica koja povezuje spoljasnje i rezultantne sile.

u =K E(‘g.o -0)+K,, E(‘go _‘9)

Ipi

- Za proracun upravljackih signala se koriste PD
regualtori
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Simulacioni rezultati
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- Cncrtem ca KOHa4YHUM Bpojem KpyTuUX Tesla Ha/nal3e ce Ha 0Cama Koje
Ce He CeKy Yy O4HOCY jeaHa Ha Aapyry.

- N3BOAM NO BpemMeHy KOJIMYMHE KpeTatba U MOMEHTA KOJIMYUHE
KpeTara, Kopuwherwem BEKTOPAa MOMEHTA MAce U BEKTOP poTaTope
3a NoAn n ocy cy oapehenn.

- [ledunHuncaH je bpoj Teopema.
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Marija B. Stamenkovi¢ , Marija D. Miki¢ ~ « -

4th International Congress of Serbian
Soclety of Mechanics, lconSSM 2013

Testing of singularity and position of non-
linear dynamics relative equilibrium of

heavy material particle on eccentrically
rotating rough circle line, with constant
angular velocity

- Pap cappXn aHaAUTUYKO ONUCUBaAHE MaTepujasiHe YecTuue Koja
ce Kpehe no potnpajyhoj Kpy*HOj XpanaBoj AMHUjU, KOja pOTUPaA
OKO BEpPTUKA/IHE OCe eKLEHTPUYHO NOCTaB/beHE Y OAHOCY Ha LEeHTap
KPY)XHE IMHWje Ha pacTojamy e, yraoHe bp3unHe Q.

- Y pagy ce kopuctn codpteep GeoGebra u BplIM ce TecTuparbe
CUHTYNapUTEeTa W MNOJIOXKaja He/IMHeapHe AWHAMUKe peslaTUBHe
paBHOTE)KEe TewKe MmaTepujasiHe TayKe Ha  EKCUEHTPUYHO
poTUpajyhoj xpanaBoj KPYKHOj NUHN|N.



UcTparkmnsaun-capagHnum Aavuno Kapanuuh, Munad Uajuh

*AcTparkuBarba y 061aCTU NnpuMmeHe aHaIMTUUKUX MeToAa INHeapHe U
HenAnHeapHe mexaHuKe u EpuHreHoBe HeNnoKaNHe Teopuje y MexXxaHULUM HaHo-

CTPYKTYypa.

Graphene as nanoplate

Carbon nanotube (CNT)

as nanobeam
CNT as mass sensor
*[lpnxBaheHa ABa KOayTOpCKa paaa 3a npeseHTaymjy Ha 8th European Nonlinear
Dynamics Conference, 6-11 jula, Bec.

*Y npsom paay noa Hacnosom ,Nonlocal axial vibration of a fractional order
viscoelastic nanorod” npumemyje ce ppakLMOHM MOAEN BUCKOENACTUYHOCTU U
HenoKa/iHa Teopwuja 3a UCNUTUBAHE CN0O0AHUX IOHTUTYANHAAHUX OCUUAaLN]a

jeaHoO3uAaHe yr/beHn4YHe HaHouesn (SWCNT)

*Y apyrom pagy ,Nonlinear vibration of nonlocal Kelvin-Voigt viscoelastic
nanobeam embedded in elastic medium“ ncnutyjy ce choboaHe 1 npUHYAHE
He/IMHeapHe ocuuaaumje moaena HaHorpege y Meanjymy ca HeAnHeapHum
eN1acCTUYHMM CBOjCTBUMA.




aHuno Kapanumh, Munan Uajuh

Fixed Base
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y of Mining and Technology, Xuzhou y 2013. S

Magnetic
KoayTopcKu paaoBu Ha peueH3uju:
ngitudinal vibration of a nonlocal viscoelastic double nanorod

system coupled by a light viscoelastic layer

*Nonlocal longitudinal vibration of a complex multi-nanorod
system

*Exact closed-form solution for non-local vibration and buckling of
bonded multi-nanoplate-system
*Dynamics of multiple viscoelastic carbon nanotube based
nanocomposites with axial magnetic field Fixed Base

*Fractional order spring-damper/actuator element in a multibody
system: application of an expansion formula

*Free transverse vibration of nonlocal viscoelastic orthotropic
multi-nanoplate system embedded in a viscoelastic medium

N,
*Axial vibrations of a nonlocal viscoelastic coupled %
multi-nanorod system

*Flexural vibration and buckling of single-walled carbon nanotubes *-
using different gradient elasticity theories for Reddy and Huu-Thai
beam theories
Yaconucu: European Journal of Mechanics, Journal of ”Nﬁ o :
Applied Physics, Composites Part B, Composite Structures, * e i i
Journal of Vibration and Control, International Journal of .
Engineering Science, Mechanics Research Communications

Monolayer Graphene

S



Ny6bankoBaHu pagosu u naaHosu 3a byayha ncrtpakusamwa

PaaoBu nybankosaHu y 2013. roamHm y Yaconncnma mehyHapogHor 3Havayaja:

> Yang, X. J., Baleanub, D., Lazarevi¢, M. P,, & Caji¢, M. S. (2013). Fractal boundary
value problems for integral and differential equations with local fractional
operators. Thermal Science, (00), 103-103. M23

» Kozic, P., Pavlovi¢, R., & Karlici¢, D. (2014). The flexural vibration and buckling of
the elastically connected parallel-beams with a Kerr-type layer in between.
Mechanics Research Communications, 56, 83-89. M22

Papgosu nybnnkosaHun y 2013. roavMHmM y Yaconnucmma HaMOHANHOT 3HaYaja:

» Caji¢, M. S., D., Lazarevi¢, M. P. (2014). Determination of joint reaction forces in
rigid multibody system, two different approaches. Accepted for publication in FME
Transactions, 42, 141-150. M51

NnaHoBM 3a Aa/ba UCTPAXKMUBAHLA:

MpuMmeHa aHAAUTUYHUX U HYMEPUUYKUX METOAA Y UCTPaXKuBakby HE/IMHEAPHUX
(ocumnaumnja) wn  myntupmusnmukux ¢eHomeHa (yTMuaj marHeTtHog noJba,
nposoherwe TONNOTE, IOM UTA.) U MEXaHUYKUX CBOjCTaBa HAHO-CTPYKTYpa.
MpumeHa ¢paKUMOHOr payyHa U HeNIOKaZIHe Teopuje Yy Moaenupary
KOMMNJIEKCHUX HAHO-CTPYKTYpa. Hymepuuka cumynayuja CToXxacCTUMKMUX npoueca u
MO/IeEKylapHe AMHaMUKe HAaHO-CTPYKTYypa.
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Viskoelasticnost frakcionog tipa | optimizacija oblika u teorji stapova
Viscoelasticity fractional type and optimization in theory of rods
Project Leader Teodor Atanackovic in 2013

Project Leader in 2014 Dusan Zorica
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Radovi u 2013 vidljiva na KoBSON-u

Autori Hedrih (Stevanovic) Katica R

44 rada

M23=3 plus M24=3/2 Plus M21=8/2 Plus 3 rada u medjunarodnim casopisim
koji nisu vidljivi na KOBSONU 2 troautorska |l jedan |dva u PAMM

Suma 14(8,5) u 2013 na KoBSON-u

Plus chapter in Book , [;us drugi nevidljivi na Kobsonu



Acknowledgement

Parts of this research were supported by the Ministry of
Sciences of Republic of Serbia through Mathematical
Institute SANU Belgrade

Grant 01174001 “Dynamics of hybrid systems with
complex structures. Mechanics of Materials”

and Faculty of Mechanical Engineering University of
Nis.



www.anvsu.org.ua




Xeana Ha naxcrbu!



Thank You for £

Xeana Ha naxcrbu!





















