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INTRODUCTION

Many cases of plane deformation state of plat are devoted to the study of this problem [Babanly et al., 2016]. The paper concerns
the solution of spatial task. Let’s consider sealing element subjected to two-axial compression on the edges by equally distributed
forces placed in its plane. We chose beginning of Cartesian system of coordinates in central plane. AxisOX,
andOXsaredirectedtowards the operating efforts, but OX; — normally to packing elements plane [Mammadov, 2017].

Let’s suppose that

O,

11 = Mo

» (1.1

where ~1land ~ 22 — are stresses, applied on the edges; and /7 — is real positive number. Let surface of sealing element in the
considered moment of time be disturbed as following:

x; =%+ (x;, + 5 cOS WX, COS W, X, )

(1.2)

Here 2 M is the thickness of undisturbed condition, and 0 _isasmall quantity. It is supposed that, there are no displacements
and tangent stresses be for disturbing moment, that is

eij:OandO-lff:Oatiij,i’j:1’2’3. (1.3)

Due to Koshi formulae for variations of deformation tensor components we have [Mammadov, 2017]:
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Seo. 1 ou,, ~ ou,;
o2 ox. ox.
! / (1.4)
where /' —is variation of displacement component. As the material is considered uncompressed, then
ou.
o )
X (1.5)

If to disregard sluggish members and volume forces because of their infinitesimal, then equations of Koshi movement in variations
have the form

o(do,) _
ax; (1.6)
. - X, =*x
On that ground, surface of the plate doesn’t test any loading, boundary conditions at ~3 30 have the form
o,+00,|v.=0 =
( v ’/) J , where oy =0 (1.7)

J— are guiding normal of cosine to the surface disturbances determined from equation (2). Dependence between stresses and
deformations will be removed due to the theory of small elastic-plastic deformations, that is [Mammadov et al., 2015]

Ye.

3¢, 7 (1.8)

o :aé'l,j +

where ¥ — is kroneker symbol, O — is hydrostatic pressure tension and

2y1-m+m?
G, =Jl-m+mio, G T ,_, 19)

From the experiment on pure tension we have

o, =(e)

. (1.10)

Varying(8) on the basis (10), (4), (5) and (6) we get the system of differential equations in quotient devivatives with four

Uu.
unknowns i and OO :

%[é}l§a+(5keij +k)de, |=0

, (1.11)
Where
=20
3e,
More ever
2 dJ
24=—-— npui=j
3 de P /
k+dk-e, = !
v 1 O ..
B=—— npui#j
3 e

, (1.12)
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If to take the beginning of the coordinates system in the neck centre (residual deformation), then on the basis of process symmetry
relatively to coordinate planes we will have.

(%) mpui=j (1.13)

Under " collection of arguments is implied, more were, signs change every time only before one argument. According to
boundary conditions (2) and condition (13) we find particular solution of the system (11) in the form [Nguyen Gang Li, 1978]:

(?):

a(m)sinwx, cosamx,p [ (1+ 1) wx, |
(X.) = B(m)cos ,x, sin Aoy x,0, | (1+ A) oy, |

u]
uz
u, ()_c, = cos X, cos Awx,p; [ (1+2) oy, |

J
6o =(1+ 1) @, cos x, cos Ao x,0, [ (1+ 1) myx, |

/ : (1.14)
where
a(m _20,,-0y, _2-m (m _20y,-0,, _2m-1

o,+o0,, m+l ’ o, +0y m+1 (1.15)

Putting (1.14) into (1.11), integrating the third equation once and considering detail of functions ¥2and ¥4, we get
Ba(m)(1+2) g —a(m)[ 24-B(1+2)" |gi~(1+2) @, =0
BB(m)(1+A) @5 - B(m)[ 2224+ B(1-22) @, = A(1+ ), =0
(1+2) (24-B)@;—B(1+22) g, +(1+ 1) ¢, =0 6
i X = 15
a(m)p, +AB(m)e, +(1+2)@; =0 (1.16)

oy ou
In (1.17) Vi can be changed to— o, , V2 to— @ and € to one, as tangential to disturbed surface forms small angle on the

surface Oxlxz. Disregarding infinite small members of the second order and considering them, and also correlation (14),
boundary conditions will have the form [Maltsev, 1978]:

(1+ 2)Ba(m)p—(B—0,,)p; =0

(1.17)
B,b’(m)(l%—ﬂ,)go; _ﬂ'(ﬂ_mo-ll)wé =0
B(m)(1+ A5 — A(B —moyy)ps =0
in™% = %0
@, +2Ap] =0
It is supposed that in normal to coordinate axis Mand™ crosses the following conditions are satisfied:
+X39 +X39 +X39
J- 00 ,dx, = J- 00 ,,dx, = J- 00 ,,dx, =0
~¥30 %30 ~%30 (l A 8)

From (15)-(17) in corresponding values of 7 and A , all particular cases are obtained.
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From the fourth equation of system (16) we determine P and put into the first equation of the system, where Pa is determined
and put into the second and third equations, we get:

2

BA(m)(1+22)(1+ 2) ¢ = B(m)(1+ 2)[4424-B](1-22) p, +
+BA2(1+4)" @l =22 (1+ A) [24-B(1- ) ¢y =0
~BB(m)(1+ 1) Agi+ B(m)A(1+2)[24-B](2-2*) g, -

~B(1+2)" 2" +(1+2) [44-B(2-22) |} - B(1+22) p, = 0. (1.19)

2
The first equation of system (19) is multiplied to A (1 * ﬂ) , and the second —to 1+4 , adding it we get [Kokoshvili, 1978]:

28(m) 21+ A)(1-22)[ 4= B(1+ 1), ]=B(1+ 2) 91" -

4 2 2
—[2A(2+/12)—B(2—/1) }(Hﬂ«) Pi+B(1+12) o, (1.20)

ﬂ(m)/l(uz)(l_zz)[A_B(lm)z]

In all cases when  and A are so, the expression turns to zero, we get equation in the form

wy 24(2+2%)-B(2-2%) ,,+(1+,12)2

” P GANTE e

(1.21)

But in other cases, determining P, from (20) and, putting it into the first equation of the system (19), we get equation in the form

? —a0¢§IV) +a¢f —ap, =0 , (1.22)
L _AA(14244322) - B(1+44+422 227 -3°)
' B(1+22)(1+4) 123)
124222 (14 22) + 4AB(1-22%) + B[ (1= 22) (346 1)+ 8¢ |
a = 2
B> (1+2%)(1+4) (1.24)
(1+22)[ 4422+ B(1-2)'|
a = 6
B(1-2) (1.25)
In the same way boundary conditions can have the form Inscription
o,(1+mA*)-B(1+ 4
3m_ H ( ) 2( ) !//3' — O
B(1+4)
¢”+ﬁ¢ =0
3 3 = VY
(1+4) (1.26)

Condition (13), boundary conditions (26), (27), (18) and U (O’ 0, x3°) T
of inteqration but the condition of stability loss is determined from (1.26)

give make it possible to determine arbitrary constants

o, > f(m2, A,B). (1.27)

Setting /| it is possible to find A , which gives minimum value of function / (m’/l’A’B).

2. Special cases.

m=0,5

a) in and =0 from (1.21) we get equation
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0'3(1V) _2(2g—lj(pg +¢,=0

) 2.
Corresponding boundary conditions received by the equation have:
B-oy,
PP = 0
@, +@3=0 B = +x5, 22)
In this case stability loss condition was found in the form:
o, >44 0, > 2./34 2.3)

b)in M = e get biaxial tension of the packer with equal forces between themselves. For simplicity let’s take A =0 1n this

case a(m) B ’B(m) =0, and P = P Then, from equation (1.21) we get

o —2Pmei+ e, =0, (2.4)
where
1
il p =1(3£_1j
Ja o 2UB (2.5)
Boundary conditions for (2.4) will be:
m (Gll _B) ’
A 7 =3
3 2B 2
@;+0,5¢, =0 (2.6)

. Xy

=+
in ™3 = %0 (2.7)

Characteristic equation for (2.4) has roots where

tiyn=i(p+ig)n

tiyn==i(p—iq)n
Where

b= -pP g= 1+ P
2 2 .7

General solution (2.4) we find in the form s (t) = ¢ sinynt+c,sinynt+cyynt+c, cos ynt

Where

(2.8)

t:(1+/1)w1x3. 28

t = = =
By for ceofa detail of the function Ps ( ) G=6 0 and &3 = ¢4 , should be taken, as P5 (t) must be the true function. This,
@,(t)=ccosynt+c cos ynt 29

cN cos ynh+cN cos ynh =0 (2.10)
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where,

N=0,5(1-y*) N=0,5(1-77)
h=(1+y)ox, .

Equation (2.10) will be satisfied always, if we accept:
c=D(1-y?)cosynh

¢=-D(1-y?)cos yn;z

(2.11)
here, D — is unknown arbitrary constant. Consequently,
t)=D|(1-y?)cosynh-cosynt—(1-y?)cosynhcosynt
o, (1) [( y2)cosy ynt—(1-7?)cosy 7]_ (2.12)
mi=h %=X :O’ Uy ==0
Considering it and (2.14), we find:
_ o
2ImN cos ynh-sinynh (2.13)
After putting (2.12) into (2.6)the latter can be written in the form of:
kysin2 pnh = pqsh2qnh’ (2.12)
Where
_ (0,.-B) P
2 2

Equation (2.14) has 2 valid roots h#0 , different from zero, equal between themselves on the value and opposite on sign, while

2
carrying condition >4 , which is brought to equality

o, >2B+34 (2.15)
Comparison (2.15) and (2.3) testifies that critical intensity of tensions for formation of neck in the packers considerably depends
on parameters /7! and A, c)lnMm= 0 we get monobasic compression of packer. For simplicity let’s take A=0, Then, we get
. . . o . a(m)=2 u,=0
plane deformation condition relatively to deformation increments. In this case , and from (1.21) we get
equation (2.1) and boundary conditions (2.2). That’s why, the same condition of stability loss is obtained:

o, >44 or Ti0 > 44 (2.16)

Which his more, than in case m=0,5 , A =0 In all these cases conditions (1.18) are satisfied automatically. By the same way,
the cases are solved, when

— A(A+B
S [A=B  ,_ [24+B_ ( )
B B B

in any | however in these cases new integral constants appear which are easyly determined from the first equation (1.18),

among all possible /7 it is possible to choose such value, that in the given A critic force will have minimum value. 3. It is known
that experiment in a complex loading confirm better only plastic flow, than the theory of small elastic plastic deformations [9].



73704 International Journal of Current Research, Vol. 10, Issue, 09, pp.73698-73706, September, 2018

That’s why it is very interesting to solve the task about the neck with the help of plastic flow theory. Let’s accept theory of plastic
flow in a simple form:

ds,
_ i
do, = % +f(J,)S,d/, (i =1,2,3) 3.1)

where G — is elastic module of displacement; 9 _are components of deformation deviator; Si _ are components of tension
deviator; but J2 — is second variant of tension deviator. In this task it has the form
1

Jz :_(S121 +S222 +S323)
2 (3.2)

as it is supposed,
Sy = Oin 1] .

In the excited condition of the packer in (3.1) value differentials can be changed to their variations. Solving them relatively to the
variations of tension deviator components we get

58, =2G52, - P(J,)S,S,,62,, (i, j,P.q =1,2,3)

i pg (3.3)
P(J)— 4G2f(‘]2)
1\V2)=
1+4Gf (J,)J, (3.3
In consequence of incompressibility of the material deformation deviator components are equal to the variations of tensor
deformation components, that is
For simplicity here the case " = 0,5 , A =0 is considered. Putting function v(x.x) on the basis of the incompressibility
condition
d d
R 4
", % (3.5)
and excluding the equilibrium equation in variations oo , we get
d* d* d*
'{ +2u 2W + '{ =0
dx dxtdx, dx (3.6)
Corresponding boundary conditions have a form
d? d?
(6-01) s =0 g =0
a 5 3.7)
v
G(l + ,u) +00=0
dx,dx, 1% =X (3.5)

Particular solving (3.6) we find in the form

v (x,x,)=sinox-&(w,x,) (3.9)
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Further process of solution (3.6) with boundary conditions (3.7) and (3.8) is the former one. Consequently, we get the stability loss
condition in the form

oh>2GO+y%®ﬁapnﬁGO+y)

(3.10)
4. For comparison the obtained results in the case m=0,5 , A4 =0 due to the various theories let’s suppose that graph
e o,
0L € is a cubic parabola and function ( ZO) 5( ZO)
ey =5(0) (1)
Then
iz 1
de, dgeoy
doy 4.2)
In a pure tension due to the theory of plastic flow we have
do, 4
de,, = —LL 4 _f(Jz ) chdoy,
E 9 4.3)
as
2 4 2
383 =4J,=—0},
30 E=3G (44)
| () |
In order (4.3) to present cubic parabola, the function must be constant, that is
f(Jz) =c = const
Integrating (4.3), we get
o,
e = -0 4 coy
E 27 (4.5)
Comparing (4.5) with (4.1), we have
o,
é(o) =2 4o
E 27 (4.6)
Then from (2.3), considering (4.2) and (4.6), we find
63E
O >
9+4cEoy 4.7)

From (3.8) and (3.3) we get

6\3E

O >
9+4co;

m=0,5

Consequently, in the case and 4 = 0 the results obtained by various theories coincide.
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Fig. 2. Seal scheme after loading of the sealant
Conclusion

Koshi method for variations of tensor deformation components is well described in the complex biaxial loading of well sealing
elements.
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