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Abstract: The article describes the mathematical modellesyiits of the dynamics in order to determine tiyeleity.
Further development of numerical approaches tm¢gikito account the geometric nonlinearity of cosifgomaterial on
the basis of polytetrafluoroethylene with the ug¢he finite element method for studying the strefsain state of the
sealing elements line. Simulation were carriedunater combined axial and surface radial loads.determined that the
most "dangerous” from the point of view of the sgth of the design are areas around square opermiags§ng zones
of spherical, conical and cylindrical parts.

1 Introduction of conceptually new ways of its consideration [3THere

One of the trends in the development of moderis & need for the development of methods for sglginch
technology is the increasing use of composite rizdsen  Problems in three-dimensional formulation, in parar
its production. This allows the material to be reetliin the finite element method [2-4,8,9].

design without losing the required strength anfingtss The aim of this work is to solve the problem of
characteristics. Promising in this regard are pelym determining the stress-strain state of spatialctires of
composite materials (PCM) based orcomposite sealants based on the improvement dficelas

polytetrafluoroethylene (PTFE) due to its uniqu€onstancy models and the development of effective
operational properties - the lowest coefficientfraftion ~ humerical approaches to the solution of boundafyeva
among polymers, high chemical inertia, thermal eold ~ Problems of the mechanics of a deformable solid.
resistance [1,2]. In the process of designing gires on
the basis of fibrous composites, a preliminary walton 2 Materials and Methods
of deformation, strength and other structural cbigréstics 2.1 Materials
is made. Analysis of these calculations in therfitnakes The main objective of the work is to develop
it possible to correct structural features by cliegdhe antifriction composite material with high physicahd
mechanical properties of the composite and designechanical properties for use in heavy wear. Th&ama
parameters (size, shape, etc.). criteria laid down in the development of such miateris

A number of constructs of modified PCM based ofthe ability to work without lubrication, reduced aveand
PTFE, in particular by mechanical activation andieg tear of the part itself and the combined surfaesistance
introduction of appropriate functional fillers, geometric to the chemical impact of aggressive media, reianrk
nonlinear relationships between stresses and defwns at low temperatures. As a polymer matrix that lsasisfy
are have shown in real conditions of operation. Thiae above criteria selected PTFE (Figure 1) becafiige
specified nature of deformation requires the deralent
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unique properties. The choice of fillers for thedst is
justified by the following considerations.

The results of research in the field of PCM based o
PTFE convincingly proved the effectiveness of tke aof
carbon fiber (Figure 2). Established its optimahtent of
PTFE composites varies over a wide range (5-20f/t.
depending on the grade of the filler [3,6,10,11heT
prospects of modifying the surface of carbon fibbys
mechanical activation [3,5,10,12]. Consequentlybca
fiber is selected as the main fibrous filler foseries of
experiments.

Surface layer carbon fiber is characterized b
microniveness with the sizes which do not excegtdh((R)
microns, formed during carbonization and graphtitiraof
hydrate cellulose tissue (Figure 2).
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Figure 2 Microstructure of the surface of the fragrhcarbon
fiber (x7480)

On the basis of experiments, it was found outFTd&E
used for these studies is the most relevant foraheested

requirements (Table 1).

Table 1 Characteristics of PTFEunfilled [15].

Characteristic Value of the
index for the
material
Mechanical Properties
Density, g/cc 2,13-2,19
SEM HV: 5.0 kV Det: SE 1l MIRA3 TESCAN
SEMMAG: 200X View field: 1.39 mm 200 pm Tensile strength (Moulding 15-35
: : L5 BUDLI 837 (piom direction), MPa 150 - 350
Figure 1 Microstructure of industrial PTFE .
Elongation  at  break
The presence of such superficial defects of differe | (Moulding Direction), %
structures and geometric sizes allows us to use Hardness (Shore D) 57 — 64
technological techniques based on the processes 0OfDeformation under load, %
deformation of the boundary layers on the surfdcthe 1hr, 23°C, 14.2 MPa 11,8
filler as a result of their filling with particles 24 hrs, 23°C, 14.2 MPa 14,3
of PTFE [14]. : 7,9
permanent deformation ,
1 hr, 150°C, 5 MPa 10,0
Compressive modulus at 600 — 700
0.2% off-set, 23°C, MPa
Flexural modulus at 0.2% 690
off-set, 23°C, MPa

High molecular weight carbon fibers are widely soug
after in the production of composite materials tlu¢he
unique combination of physical, mechanical and dhain
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properties (Table 2) such as high modulus of el&gtind

strength, low density, high electrical conductiyitpw - o= -~
coefficient of friction and thermal expansion, high SR [l W R |
resistance to atmospheric influences and cheneeglants - e | “_’-f"l )
[12] e e A iy
O B R Tl s
Table 2 Main characteristics of carbon—fibers [14,1 II AT — rrlx._ ||:
Paramete Value e S | /
Carbon content, % 80,0- 99,F s T
Diameter dl0 m 4-3C b 3 Struct fthe ¢ ¢ materialdgh
. 3 igure ructure o e two-component materi on
Densllty’ _kg](/[ 1400~ 200C polytetrafluoroethylene reinforced with carbon fibe
Longitudinal strength, Pa 0,1-3,F
Tensile modulus, hPa 10-700(C The elastic spring element creates a constant fhete
Tensile elongation 0,5-1,5 pushes the sealing edges for sealing along thengati

Specific thermal capacit surfaces of the groove.

L 16, J/(kgK) 0,8-1,7 When modelling the stress-strain state of a rubber
Conductivity factor, W/(nK) 0,8—125,¢ finite elements were used for which the Mooney-Rivl
Electrical resistivity, Ohnm 110°-1-10° model (1) was implemented [13,15]:
Th I ivito- 108, K~
] ermal expansivito 2 _ 20 W= Coy (15— 3) + Cor - (15— 3) +
1 *
BET surface area, iy 0,3-1000,( +o- k(e = 1)? 1)
Burning duration, s 3-30C where: Go, Coz and D are material constants, I, I;
Resistanc K to oxygen unde t0 673 —723 are reduced strain invariants.
an inert or reducing ’
atmosphere to 3273 Constants of material can be used to calculatistie
shear modulus (2) as follows:
2.2 Mathematical simulation and optimization of to =2+ (Cro + Cor) @)
composite structures based on

The initial modulus of elasticity for a material is

polytetrafluoroethylene for ensuring high wear- .. jated 3), (4) as follows:
1

resistance properties

Ky = Dy 3)
Consider the two-phase composite material of random Use for alnalysis
structure, which consists of a polymer continuowsrix, D, = —— 4)
reinforced by the random distribution of discreteliisions where: G is shear modulus.

in it. The choice of two-phase material as a reteabject

somewhat simplifies (in comparison with the three- Tq take into account the stress relaxation of dadirsg
component composite) mathematical calculations ahd, glement made of elastomer in the model (1), theridyo
the same time, contains all the hypotheses anthiti®  Rjyjin constants were recalculated based on theevaf
preconditions for further research. In additionisth the relative residual strain of 0.6; the followivejues were

approach allows us to consider some well-studieat tWoptained [11,15-21]: G = 781178.6 Pa; & = 154173.9
component structures - materials with sphericdlisions pg

and materials, reinforced with short fibers. In LE@ 3 Deformations of PTFE protective rings were
shows the structure of two-component materialUisions  considered elastic, the surfaces of the cylindec tae
in which there are short fibers. floating piston were determined to be absolutebjdri
Used friction model [9]:
T=u-N (5)

where:1 is the shear stresg;is friction coefficient; N is
contact normal pressure.

The seal consists of a polymer shell, which istégked
by a metal spring after installation in the seaboge
(Figure 4).
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Figure 4 The principle of operation of the sealing

One of the basic calculations for designing seathé
static strength calculation. To determine the ststsain
state of the elements, apply the momentary schénieo
finite element [12].

3 The results of the simulation performance
properties of a polytetrafluoroethylene

composites for sealing

Conducted simulation in the software package
SimulationXpress Study.

The following data were taken as input parametars f
the simulation model:

- a geometric model of the sealing
device (Figure 5);

— characteristics of physical and mechanical
properties of materials;

— pressure (201Pa).

The design of the sealing ring by finite elemets be
presented in the next three months by the following
intermediary processes:

— preparation of initial data - description of the
topology of the design, kinematic and force bougmdar
conditions, physical and mechanical characterisifdhe
composite material, finite-element sampling of design
and others;

- numerical calculation of finite element model -
calculation of coefficients of the matrix of rigidiof finite
elements, formation of a global system of solving
equations and its solution;

- processing of the solution results - calculatibthe
parameters of the stress-strain state of the detigir
visual representation in the form of tables, cham®-
dimensional or three-dimensional images.

Figure 5 The research in SimulationXpress StudgsStr
a) 3D CAD model;
b) Fixed geometry;
c) Finite elements.
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For the study of the stress-strain state of strastof
fibrous composites, the ratios for the stiffnesdrimaf a
three-dimensional finite element of composite mater | .—
with transistor components are proposed, taking in
account the spatial reinforcement of fibers basedhe | |
momentum scheme of a finite element. The momenta —

von Mises (N/m"2

scheme avoids the disadvantages inherent in ttigiorzal 2.199¢+003
scheme of the finite element, and the consideraifahe .2 01 7et+003
spatial nature of the location of the fibers weakdme -1 1.836e+003
requirements for the discretization of structures. S
The obtained diagrams of equivalent voltages fer t ] 1.6;5-4er|--003.
sealing element of the device under consideratien a —11.472¢+003
shown in Figure 6. As can be seen from Figure @h@ —1 1.290e+003
seﬁling glegggtpin a f]t_agc state:{ ThedTa)t(;mL:jm; - 11.108e+003
voltage is a, which cannot lead to the 0 L oAz ;
the sealing element. After relaxation of the seeda the 9'260'6"'_902
power element, the equivalent stresses in thenggslig —7.441e+002
decrease, as well as the decrease of the con&sstpe on —15.622e+002
the sealing surface. o 43.803e+002
The diagram of equivalent stresses, shown in Fig. i 1.984e1-002
corresponds to the development of adhesive bontseat )
point of contact during a long stop of the mechanis ' 1.650e+001

According to the literature data, the initial ($tag) value - '
of the friction coefficient can reach values of @ritl more
[17]. At high values of the friction coefficienthe
equivalent stresses locally increase, which excekds
tensile strength for the applied group of polymérke
initial friction at the time of launch, as well bgh values
of the friction force in the process of movementaiation
of the shaft can lead not only to damage the serédithe
sealing ring, but also to its twisting.

The nature of the external load and the symmeti

von Mises (N/m*"2

2.199¢+003
5 617¢ 003

violation, due to the presence of openings in thectire, L 1.836e+003
leads to the fact that radial displacement has dpibsitive 11 654e1003
and a negative sign, that is, there are zonesatieatorn, | —11.472e+003
and there are zones that bend. Although the! —1 1.290e+003
displacements are in an order of magnitude sntalierthe — 1.108e+003
axial. —19.260e+002

The values of the axial displacements in th | 7.441et002
intersections perpendicular to the axis of the giesire ] 5:622¢1002
close to the steady ones, although they are nbttkatdue ST
to the presence of rectangular openings and, aogbyd }'ggg:gg%

asymmetrical setting of the problem. The analy$ithe

results shows that the most vulnerable in ternstrehgth

are areas near rectangular openings, where thesitjte
values of the stresses acquire the maximum values.

Figure 6 Diagrams of equivalent stresses in a seotif a
sealing ring in a static state

4 Conclusions

On the basis of established factors of mechanical
activation, content and properties of fillers, the
performance characteristics were obtained by &ttdn
material based on PTFE with increased physical and
mechanical properties for use in conditions ofristewear.
The developed polymer composite materials are

~5~

Copyright © Acta Simulatio, www.actasimulatio.eu



Acta Simulatio

- International Scientific Journal about Simulation
Volume: 5 2019 Issue: 1 Pages: 1-7 ISSN 1339-9640

MODELLING OF THE STRUCTURE AND THE REQUIRED LEVEL OF PERFORMANCE PROPERTIES OF A
POLYTETRAFLUOROETHYLENE COMPOSITES FOR SEALING
Anton Panda; Kostiantyn Dyadyura; Jozef Mihok; Iveta Pandova; Daniela Onofrejova

characterized by high wear resistance and relgtioel for
the PTFE composites tensile modulus values (u@ 1
MPa), which increase the area of actual contadthef
sealing element made of PTFE-nanocomposite anmhgeal
surface in the sealing device. This combination of
properties makes it possible to recommend the dpeel
PTFE nanocomposites for the manufacture of sealing
elements of sealing devices for movable joints athines  [3]
and technological equipment.

With the help of developed approaches to
determination of effective elastic stable compositatrix
of rigidity of a finite element and software compléhe
stress-strain state of sealing structures is détexdn On
the basis of the kinematic and energy conditionshef
agreement, analytical relations are proposed
determining the effective elastic characteristidsttee
fibrous composite material, which allow taking into[5]
account the transposition properties of the mainix fiber.
Simulation were carried out under combined axiad an
surface radial loads. Improving the efficiency @N® in
sealing devices is ensured by a rational choicehef
geometrical parameters of the elements of seaknires,
providing the level and distribution of contact gsere on
the sealing surface necessary for improving ttedialoility
(durability) at acceptable values of wear and meitfad
stresses in the sealing element.

The obtained ratios for the determination of effect [7]
characteristics of polymer composites and the deesl
software complex can be applied at designing and
improving the designs of sealing. The maximum valofe
the compressive stresses at different reinforcement
schemes take higher values for the case of thenalte [8]
arrangement of the composite layer in comparisdi thie
continuous arrangement (up to 30%).

Thus, the goal set in the work was achieved and the
stated research objectives were solved.

[9]

2]

[4]

for

[6]
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