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Abstract

Character of contract pressure distribution between the outside surface of the
sealing material and rigid cylinder wall depending on geometrical sizes and
mechanical properties of a sealer under its unilateral compression, is defined.
The magnitude of the axial load for achieving tightness is determined. The
dependence between the magnitude of the axial load necessary for achieving
tightness and geometrical sizes is determined. It is shown that with a decrease
in the height of the sealing element, the axial load necessary for achieving
tightness greatly increases. Threshold height of the sealer, above which con-
tact pressure depends little on the magnitude of the axial load, is defined. The
stress-strain state of the sealing element is defined with regard to viscous-elastic
properties of its material. It is shown that this greatly influences its sealing
ability.
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1. Introduction

Achieving tightness with the least external load by sealers improves their effi-
ciency and determination of sealing parameters has an important scientific value
[1]-[9]. A major problem with these studies arises from the ignoring influence of
edge effects and heredity and also, mechanism of achieving tightness was not
studied enough. The mechanism of achieving tightness was touched upon in the
works [1] [2] [3]. As the experience of using sealing elements shows, the edge
effects and heredity have a significant influence on their sealing ability [10] [11]
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[12] [13]. Therefore, study of sealing ability of cylindrical sealing elements with
regard to edge effects and heredity and development on this basis effective
measure to improve their efficiency has both a practical and scientific value.

In this paper, based on theoretical investigations, we determine the character
of contact pressure distribution between the outside surface of the sealing ele-
ment and rigid cylinder wall depending on geometrical sizes and mechanical
properties of the sealer under its unilateral compression.

The magnitude of the axial load for achieving tightness with regard to differ-
ences of strain state before and after contact of outside surface of the sealing
element with cylinder wall, is defined. The dependence between the magnitude
of the axial load necessary for tightness and geometrical sizes under unilateral
compression of the sealing element, is established. It is shown that with decrease
in the height of the sealing element the axial load necessary for achieving tight-
ness, greatly increases. Furthermore, the limiting value of the height of the seal-
ing element under unilateral compression, above which contact pressure de-
pends a little on the magnitude of the axial load, is defined.

In this paper, the first section is exposed to research background of this pa-
per’s work and the structure of this paper. Section 2 introduces the elastic state-
ment of problem, and the dependence between the axial load necessary for the
first contact of the outer surface of the sealing element with the rigid cylinder
wall and its physic-mechanical properties and geometrical sizes is established. In
Section 3, the analytic formula allowing to determine the axial load necessary for
full contact and tightness of the surface of the sealing element and cylinder wall
depending on its physic-mechanical properties and geometrical sizes is found.
Section 4 introduces the character of contract pressure distribution between the
outside surface of the sealing material and rigid cylinder wall depending on
geometrical sizes and mechanical properties of a sealer under its unilateral com-
pression. In Section 5, based on linear laws of heredity the influence of visc-
ous-elastic properties of the cylindrical sealing element on its sealing ability is
determined. In Section 6, numerical calculations are conducted under different
conditions, and the results of numerical calculations are represented in the form
of graphs of contact pressure and external forces necessary achieving sightless

and discussed. In Section 7, some conclusions are reached.

2. Statement and Solution of the Problem Elastic Solution

First, some parameters are given in Table 1.

Let us consider a sealing element tightly put on the stock and with a gap &
between its outside surface and rigid cylinder wall (Figure 1).

The tightness of the surface of the sealing element and cylinder wall is achieved
by unilateral axial compression (Figure 1). The solution of the problem is per-
formed in two stages. The first step is compression of the sealing element to the
first contact of its outside surface with cylinder wall, the second state is to

achieve tightness.
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Table 1. Nomenclature.

parameter symbol parameter symbol
deformation of the sealing element in the axial direction w instantaneous modulus of elasticity E,,
deformation of the sealing element in the radial direction u elasticity modulus E,
radial, tangential, axial and shear deformations E s &y &5 Yy shear modulus of the sealing material G
friction coefficient between the washer
dial, axial and t: tial st > >
radial, axial and tangential stress c,, 0,, T, and the end of the sealer u
d ical viscosity of th terial
hydrostatic pressure function s YRARES VISCOS.lty' oF Fhe matert n
of the sealing element
gap between its outside surface and rigid cylinder wall o bed ratio K,
axial loads necessary for first and full
height of the sealer H contact of the outer surface of the sealing QP
element with the cylinder wall
inner and outer radii of the sealer R,» R, medium’s pressure
outer radius of the rigid cylinder R, Kronecker’s symbol S
z
777 k| 2
N Q
S
e
H > )
R
r I < _lo &
. .

Figure 1. Calculation scheme.

Let us consider the first stage. As the material of the sealing element is homo-

geneous, we accept its deformation as axially-symmetric. Then we can use the

hypothesis of plane sections and assuming that the axial deformation of the

sealing element depends only on the coordinate zin the axial direction.

We locate the origin of the coordinate system in the center of the lower sec-

tion of the sealing element, direct the coordinate axis z vertically-upwards, the

axis rto the direction of increasing the radius (see Figure 1).

Allowing for above assumptions, we accept the deformation of the sealing

element w, in the axial direction in the form [1] [2] [3]
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w, = f,(z), (2.1)

where f(z) isanunknown function dependent on zand to be determined.
Accepting the sealing element material as incompressible [3] [14] we have the
equality
10(ur) , ow, _

0, 2.2
r or 0z (22)

where U, (r,z) is deformation of the sealing element in the radial direction.
Allowing for formula (2.1), from expression (2.1) we get
10(ur)
31 f(7). 2.3
roor () 23)

Integrating expression (2.3), we have the equality

ul(r,z):—lrfl’(z)+c—°, (2.4)
2 r
where ¢, isan integration constant.
The boundary condition has the form:
u(r.z)|_, =0. (2.5)
Then, allowing for condition (2.5), from expression (2.4) we get
1(R;
ul(r,z)zg[—o—r} f/(z). (2.6)
r

For the potential energy of the sealing element, after its deformation with re-

gard to axisymmetry, we have the equality [3] [6]
R 1 H
M=4zG"[ | [55 +e,+el +—;/fzjrdrdz -[Q- t/(z)dz, (2.7)
0Ro 2 0
where His height; R;, R, are inner and outer radii of the sealer; ¢,, &,, ¢,
and y,, are radial, tangential, axial and shear deformations, respectively [5]
[14]:

(2.8)

+_
0z or

==5 6,=—=5 V=7

o U u ow 1(au awj
ol U T T 2 '

Then allowing for formulas (2.1), (2.6) and (2.8), from expression (2.7) we get

H 4
= 216" ;{[_ER_%ERf_Rngz)
0

2R 2
(2.9)
1 R 1 3 Q
+—| 2R} IN—L —2RZR2+ =R+ =R* [ f"%(2) - _f'(z)}dz
32[0R0 ottt 2 ()271@ (2)
where G'is a shear modulus of the sealing material.
Based on the Euler equation [15] [16] from the functional (2.9) we have
16 —R—‘?+3R2 -2R?
) Rz TtOT 8q(R? - R?)
ol(z)- B T 3 o (z2)+ B i 3 =0, (2.10)
2R} In1 —2R’R?+ R+ -R; 2R} INL —2RZR? + “R!+-R!
R, 2 2 R, 2 2
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Q :
where q:m, o (2)=1(2).

Integrating differential Equation (2.10) accepting ¢(z)= f/(z), we get the

equation
fl(z)zﬁcosh(klz)+C—zsinh(klz)+ﬁ2q~z+c3 (2.11)
kl kl kl
R4 2 2
o+ 3R~ 2R B(R? k)
=4 R 1. 3., . R I...3
2RYINTL_2RZRZ+ SR+ °R!  2RYIN-TL—2R?R?+ R+ R
Ro 2 2 R, 2 2

C,» C,, C, areintegration constants determined from the boundary conditions

=5, (212)

Ry
Q| ., =—2nG*IyZ,(r,H)rdr; w|,  =0; u(rz)
Ro

z=0
r=Ry

where 4 isa friction coefficient between the washer and the end of the sealer.

Allowing for boundary conditions (2.12), from the expression (2.11) we get

oo MRR) (5 A sih(kH) s
" Bk, cosh(kH)

A qu cosh(kH)’ Z_Z_Eq;
L& 1q(R? =R?) o A sinh(k,H) 2.13)
° k, BkZcosh(kH) |\ A k& )k cosh(kH) '

1 1 1 1( R?
|:B1 ZgRg —ERgRl +ER13,1 =E[?:— le:| .

The radial stress at any point of the sealer, with regard to its compressibility
can be defined by the formula [3] [14] [17]

0,=G"(2¢,+s,), (2.14)

where sis a hydrostatic pressure function.

s can be determined from the boundary condition
0,|r:R(Z):O [R(z):RlJrul(r,z)L:Rl] (2.15)

Then, allowing for expression (2.6) and (2.14), from condition (2.15) we get

Ry
S = +1|1/(z). 2.16
1 [ Rz (Z) ] l( ) ( )
We define the axial load Q for repressing the scalar by the formula
(R -Rj)o,|  =Q, (2.17)
on the other hand, we have the equality
0,=G (2¢,+s,). (2.18)

Allowing for expressions (2.11), (2.13)-(2.16) and (2.18), from expression (2.17)
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b=— -~ |RIC+(3C-1)R
/12C2(3C—1){ o€+ )( + " cosh (kH)

we get

Q=£%+3Jf’(H). (2.19)

From expression (2.19) we define g in the explicit form

2 3
1(2a® ab 1(2a® ab az b
9= 3-——=| —=———+C |+, |-| —=———+C| +| —+—
2\ 27 3 4\ 27 3 9 3
3 3 2 2 3
1(2a° ab 1(2a° ab a“ b a
+3—-—| ———+C |-, || ———+C| +| —+=| ——
2027 3 41 27 3 9 3 3

1 5 35C
[a ~c(ac —1)(2(3C _1)(R1 " cosh (i H )] " cosh (i H )];

(2.20)

1

2
5 ] 65C

" Cosh (k,H )[Rl i cosh?le )]J ;

2
o
RZ+3|R+— .
O ( ' cosh(le)] . _y(Rf—R§)S|nh(k1H)+A11_cosh(kl|-|)
~ 2°¢*(3C-1)cosh(kH) ~ ~ Bkcosh(kH) k? cosh(kH) |

3. Determining Axial Load until the Outer Surface of the Seal
Is Completely in Contact with the Cylinder Wall

Now let us define the magnitude of the axial load necessary for complete contact
of the outer surface of the sealing element with rigid cylinder wall. We locate the
origin of the coordinate system at the center of the lower section of the sealing
element and direct the axis z vertically upwards, the axis rto the side increasing
of the radius as was shown in Figure 2.

Using the hypothesis of plane sections and assuming that the axial deforma-
tion of the sealing element depends only on the coordinate in the axial direction

z, we can accept
w, = f,(2), (3.1)
where W, is axial deformation of sections of the sealing element, f,(z) isan
unknown function dependent only on z
Then allowing for formula (3.1), from the incompressibility condition (2.2) we
have

uz(r,z):—%rfz’(z)+%“, (32)

where ¢, isan integration constant.

The boundary condition has the form
u(r.z),_, =0. (33)
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Figure 2. Calculation scheme.

Then allowing for the boundary condition, from expression (3.2) we get
(R
uZ(r’Z):E[TO_rj f,(z). (3.4)

For the potential energy of the sealing element, after its deformation, with regard
to axisymmetry of the problem we have the equality [9] [18].

h Ry h

. 1

1=4nG g +el+él +—;/fzjrdrdz— P-f)(z)dz, |[h=H-|f(H)|.(3.5)

[{[oteeiet e JP- a(a)az, [h=H-6(H)]

Substituting expression (3.4) in formula (2.8), the obtained results in expres-

sion (3.5) and then integrating it with respect to r, based on the Euler equation

[15] from the obtained functional we obtain the equality
03 (2)—k30,(2) + A,p =0 (3.6)

[(02(2): fz,(z)’ p :ﬂ;:l)

G"(R:-R?)

R4
——%+3R22—2R§ 8(R2—R2)
K =4 R, AL 2 0
O O S TV NULLL N AP WV Sl
2Ry IN—2-2R;R, + =R, + =R, 2Ry In—2-2R;R; + =R, + =R,
R, 2 2 R, 2 2
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The solution of differential Equation (3.6) will have the form
gpz(z)=cscosh(kzz)+cesinh(kzz)+kA2—2p, (3.7)
2

where ¢, and ¢y areintegration constants.

Allowing for ¢,(z)= f,(z) from expression (3.7) we get

fz(z)=&sinh(kzz)+&cosh(kzz)+%p-z+c7. (3.8)
I(2 kZ kZ
We define the integration constants ¢c,, ¢, and ¢, from the boundary condi-
tions
Ry
pP|,_, =-2nG" [ y,rdr; (3.9)
Ro
uz(r,z)|r:R(h) 25(h), (3.10)
z=h
W,|,_, =0; (3.11)
[R(z) =R, +u,(r, z)|r:Rl‘;§(z) =5- ul(r,z)|r:Rl } .

Then allowing for boundary conditions (3.9)-(3.11), from expression (3.8) we
have

,u(Rzz — ROZ) sinh(k,h)
Cs = p- Ce s
B,k,cosh(k,h) = cosh(k,h)

_ 2R(h)s(h)cosh(kn) _ (R —R7)sinh(kh) — Acosh(kh) 1

= ; =——2C
i (RZ-R*()) Bk, k2 ok
3 3
{BZ:%—%R§R2+%}.

The axial force, necessary for deformation of the sealing element to its
complete contact of its outer surface with cylinder wall, can be determined by
the formulas

n(R: —R})o,

=P, (3.12)

where o, isaxial stress in any cross section of the scaling element.
After complete contact of the outer surface of the sealing element with rigid

cylinder wall, the boundary condition in the upper section has the form

\|r-r, =0. (3.13)
z=h
Then allowing for boundary condition (3.13), from expression (2.14) we get

2
S, :[%+1] f,(h), (3.14)

2

And allowing for expressions (2.18) and (3.14) the expression (3.12) takes the

form
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R ,
p= F+3 f,(h). (3.15)

2

Then allowing for formula (3.8), and expressions of ¢c,, ¢, and c, from ex-

pm 2 SOONR ) -

pression (3.15) we get

4. Contact Pressure between the Surface of the Sealer and
Cylinder Wall

The contact pressure between the outside surface of the sealing element and cy-
linder wall after their complete contact can be determined (by the analogy with a

beam on an elastic foundation) by the formula

o, (2) =k, Uy (2) (4.1)

r:R1:| ’

If this time the tightness of the wall is not provided, then we continue to

[ko is a bed ratio;u, (z) = & —u,(r,z)

compress the sealing element. To determine the stress-strain state, at the dis-
tance z from the lower basis of the sealer we distinguish an annular element of
height dzand compose for it the equilibrium equation

do

2dz, 4.2
" (4.2)

27, (R, +Ry)dz = (R} Ry

where 7,, istangential stress.
On the other hand, with regard to incompressibility of the sealing material, we
have [2] [3]

T, = =4 o,, (4.3)
1-v

where u isa friction coefficient, v is Poisson’s ratio.

Substituting the expression (4.3) in Equation (4.2) and having integrated the

obtained expression with regard to the boundary condition o, |Z:h =0,, we get

B 2uv(h-1z)
o, =0, 'exp(m], (4.4)

where ¢, is axial stress in the section of the sealing element, where the com-
pression force is applied.

The contact pressure distribution between the outer surface of the sealer and
rigid cylinder wall can be determined from the expression (4.1) and (4.4) as follows:

14

o, = o,. (4.5)
1-v
Then allowing for formula (4.4), from the expression (4.5) we get
2uv(h-z
o, = Y0 g pr(h-2) +ko Uy (2). (4.6)
1-v (1-v)(R,-Ry)
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The value of ¢, maybe determined from the tightness condition

Vo, 2uv .
e h|+k, u,(0)>P
1-v Xp((l—v)(Rz—Ro) ]Jr o t(0)

[ P* is medium’s pressure .

5. Heredity Accounting

Accounting of viscous-elastic properties of the material of the sealing element on
sealing ability may be realized based on the hypothesis of elastic analogy [3] [13].
By this hypothesis when passing from elastic calculation to viscous-elastic one,
only dependence between the stresses and strains changes.

It should be noted that at elastic analogy, all stress components satisfy the de-
pendence between stresses and strain obtained on the basis of the chosen model
for a uniaxial stress-strain state.

The dependence between the stress-strain components for an arbitrary case of
loading of a model that describes best the viscoelastic behavior of the material of

a sealing element, is of the form [3] [10] [11]

¢+ Ay =G| 2(¢ +vgy )+ 6, (s +vs)], (5.1)
where E, =E,,, A= ﬁ, V= E, n is dynamical viscosity of the material
n n

of the sealing element, E,, is instantaneous modulus of elasticity, E, is an
elasticity modulus, 7; are stress components, ¢; are relative strain compo-

nents, &; is Kronecker’s symbol, 7; and &; isa time derivative from stress

and strain components.

Based on elastic analogy we represent
e(X,t)=¢(X)e(t). (5.2)
Substituting expression (5.2) in formula (5.1), we get
2+ Aty = G (25, (X) +6;5(X) ) (& (1) + vz (1)) - (5.3)

Integrating expression (4.3) with the initial condition
Tjj (7'0) =G (Zgij (7) + 5”3(7)) we get

7 =(2¢; (X) + 5;s(X))G {eh _t[(é(cf) +ve(£))e ) dg} . (54
0
Introducing the denotation
G :G{eﬂ+j(g'(§)+vg(§))e“‘@dg}, (5.5)
0
we can represent the expression (5.4) in the form
7y =G[ 25, (X)+5;5(X)]. (5.6)

For the considered case, when the sealing element at initial moment of deforma-

tion W(Z,t)L:O =w(z).
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w(z,t)=w (Z)w(t), w(t)=1. (5.7)

Then allowing for (5.7), from expression (5.5) we get
* t * * * *
G=Gle  +v [e" s |=G||1-25 e+ 25|, (5.8)
0 A A

Allowing for the expression (5.8), from the expression (2.20) we get

—nG(R?-R)||1-L |e*t 4+ L
Q=mn ( 1 0)|:[ ﬂj 1
3 3 2 2 3
X |1 Zi—a—bJrc + 1 Zi—a—b+c + —a—+9 (5.9)
20 27 3 4\ 27 3 9 3
1(2a® ab 1(2a® ab 2 a? b)Y a
+3- e |- S ==t | H| —— | ==
2\ 27 3 4\ 27 3 9 3 3

Allowing for the expression (5.8), from the expression (3.16) we get

p- 275@M(R22 - Ré)( Ry + 3]((1—V—ijeﬂ +Z—j . (5.10)

RZ—R%(h) RZ 2

We now consider the case when the sealing element deforms uniformly. Based
on the elastic analogy [3] [13] accepting the deformation of cross sections of the

sealer in the form (Figure 3)

&(z,t)=£/(7) (1), (5.11)
gl(t)zwl(t)le[H(t)—H(t—Tl)]+H(t—T1), (5.12)

where H(t) is a Heaviside function, T, is time of deformation of the upper
section of the sealing element to its first contact of the outer surface with the ri-

gid cylinder wall.

& ()

“T t(s)

Figure 3. Graph of time dependence of relative axial deformation of the upper section.

From formulas (5.5) and (5.12) we get
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G= G{efwﬂ%(H (&)-H (§—T1))+T£1(5(§)—5(§—T1))+5(§—T1)

(5.13)

1

+v*[$(H<5>—H<§—m)+H(s—mﬂe“‘%f}

where &(t) is Dirac’s function.
Integrating formula (5.13), we get
G= ﬂile{(V —2)(H(-T) = H (t-T,))exp(-A"(t-T,))
[~ VA (-T) +V H(E-T) +[ (- -V AT+ 2 )H(-T) (5.14)
+(V =AY H (0 + 27T Jexp(=2t) + (—v +v At A7) H (1))
Then, allowing for formula (5.14) following from the expression (2.20) we get

Q =%(Rf - Rg){(v* —A)(H(-T) - H (t-T,))exp(-A"(t-T,))
+[-A VA (t-T) v H(t —Tl)+[(—v* —VAT,+ A )H(-T,)

(V=2 H () + 27T, Jexp(-At)+ (" +v 2 t+ 2 )H (1) (5.15)

2 3
1(2a® ab 1(2a® ab a? b
x| I-=| ———+c |+, /2| ———+cC| +| ——+—
20 27 3 4\ 27 3 9 3
3 3 2 2 3
1(2a°> ab 1(2a° ab a“ b a
+3—=| ———+cC |-, [ ———+cC| +| —+=| —=
2027 3 4\ 27 3 9 3 3

From the expression (5.15) we define the magnitude of the axial load neces-

sary for recompressing the sealing element to contact of its outer surface with
the cylinder wall.

Substituting formulas (5.14) in expression (3.16) for the axial load necessary
for full contact of the outer surface of the sealing element with the cylinder wall
with regard to heredity, we get

P R (R =R 43 -2 () ()

xexp(=A"(t=T,))+[ -2 =v'A"(t-T,)+V'[H (t-T,) (5.16)
+[(—v* VAT, + ) H(-T,)+ (v =2 )H (1) + J,*ZTZJ

xexp(=A"t)+(-v" +v'At+ A")H (t)}
The axial load necessary for achieving tightness

P =Q+P. (5.17)

6. Numerical Calculation

Thus, based on theoretical investigations, the analytic formulas allowing to de-

termine the contact pressure between the outside surface of the sealing element
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and rigid cylinder wall and the axial loads necessary for first and full contact of
these surfaces depending on its physic-mechanical properties and geometrical
sizes is found.

The numerical calculation is made by formulas (2.20), (3.16), (4.6), (5.9),
(5.10), (5.15) and (5.16) for the values of parameters, which are showed in Table
2.

The results of numerical calculations are represented in the form of graphs of
contact pressure and external forces necessary achieving sightless (Figures 4-10).

As is seen from Figure 4, with increasing the element’s height, the axial load
necessary for the first contact of its outer surface with the rigid cylinder wall at
first falls and then (after certain value of height) stabilizes.

It follows from Figure 5 that the axial load necessary for full contact of the
outer surface of the sealing element with the wall of the casing also decreases
with increasing the height, and then (after its certain value) stabilizes.

The distribution of contact pressure between the outer surface of the sealing
element and the rigid cylinder wall depending on the coordinate z was depicted
in Figure 6. As is seen from Figure 6 the greatest value of the contact pressure is
achieved in the lower section of the sealing element. With increasing the value of
z the contact pressure decreases and then after certain value of the height of the

sealing element it disappears.

Table 2. The values of parameters.

Variable Value
R, , the radius of the cylinder being sealed, (1) 0.073
R, , the inner radius of the sealer, (m) 0.093
R, , the outer radius of the sealer, (m) 0.1
0 , the size of the gap between its outside surface and rigid cylinder wall, (m) 0.003
H, the height of the sealer, (m) 0.005
G, the shear modulus of the sealing material, (Pa) 1.3-10%
M, the friction coefficient between the washer and the end of the sealer, (-) 0.5
v, the Poisson’s ratio, (-) 025
P", the medium’s pressure, (Pa) 2.107
K, , the bed ratio, (Pa/m) 6.7-10°
. . E
v, vi==2,() 0.01
n
o =BrE 0.1

’ n
T,, the time of deformation of the upper section of the sealing element to its

10, 20, 30, 40, 50, 60
first contact of the outer surface with the cylinder wall, (s)

T, , the time of deformation of the upper section of the sealing element to its
10, 20, 30, 40, 50, 60

complete contact of the outer surface with the cylinder wall, (s)
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Figure 4. The graph of dependence of axial load necessary for the contact of the outer
surface of the sealing element with the rigid cylinder wall on its height.
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Figure 5. The graph of dependence of the axial load necessary for full contact of the outer
surface of the sealer with the rigid cylinder wall on its height.
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Figure 6. The graph of dependence of the character of contact pressure distribution de-
pending on coordinate z

DOI: 10.4236/jamp.2020.82027 362 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2020.82027

S. D. E. M. Abbasov et al.

o

12x10°

900\

600 \

HEAN
S~

0 20 40 60 80 100
t

Figure 7. The graph of dependence of the axial load Q necessary for precompressing the
sealing element to the first contact of its outer surface with the rigid cylinder wall with
regard to heredity.
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Figure 8. The graph of dependence of the axial load P necessary for recompressing the
sealing element to full contact of its outer surface with the rigid cylinder wall.
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Figure 9. The graph relaxation of axial stress of the upper section of the sealer to the first
contact of its outer surface with the rigid cylinder wall. 1—T, =10s, 2— T, =20s, 3—

T,=30s,4—T,=40s,5—T,=50s,6—T, =605
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Figure 10. The graph of relaxation of the axial stress of the upper section of the sealer af-
ter full contact of its outer surface with the rigid cylinder wall. 1—T, =10s,2—T, =20s,
3—T,=30s,4—T,=40s,5—T,=50s,6—T,=60s.

As is seen from Figure 7 and Figure 8, for constant value of axial deformation
in the section of application of external force with regard to heredity the stress
greatly relaxes. For 40 s. its value at the point of application of the external force
decreases about 5 times, and then stabilizes. This may cause violation of tightness
of the sealer.

The same picture is observed when deformation of the sealer happens un-
iformly. This time axial stress relaxation for different velocities of deformation

occurs differently (Figure 9 and Figure 10).

7. Conclusions

In this article, we determine stress-strain state of the sealing element in the form
of a hollow cylinder based on theoretical investigations. Influence of viscous-elastic
properties of the material of the sealing element on its sealing ability is realized
based on the hypothesis of elastic analogy.

1) The dependence between the magnitude of the axial load necessary for
tightness and geometrical sizes under unilateral compression of the sealing
element, is established. It is shown that, with decrease in the height of the sealing
element the axial load necessary for achieving tightness, greatly increases. Fur-
thermore, the limiting value of the height of the sealing element under unilateral
compression, above of which contact pressure depends a little on the magnitude
of the axial load, is defined.

2) The obtained expression allows to determine the character of contact pres-
sure distribution between the surface of the sealer and the rigid cylinder wall
depending on its physical-mechanical characteristics and geometrical sizes.

3) Based on linear laws of heredity the analytic formula allowing to determine

the axial load necessary for tightness of the surface of the sealing element and
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cylinder wall depending on its physic-mechanical properties and geometrical
sizes is found. The current work demonstrates that viscous elastic properties of
the sealing material greatly influence on its sealing ability and their ignorance
may lead to incorrect conclusions.

4) The results of numerical calculations are represented in the form of graphs
of external force necessary for achieving sightless. It is shown that, visc-
ous-elastic properties of sealer’s material greatly influence on its sealing ability.
Because of heredity of the sealer’s material, the values of external forces in some

cases drop about four times.
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