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INTRODUCTION 
 
Let’s study packing mechanism (Mammadov
Mammadov and Gurbanov, 2015; Babanly
regulating stability losses with the participation of friction 
forces of packers placed between the tube attached to the pump 
receiver and operating pipeline in order to regulate dynamic 
level in the well being operated by rod well pumping unit
has been accepted that, the packer lapping proposed increases 
the efficiency of the work in using the packer without tap 
(lapping replacing the anchor for creating packer stop). Thus, 
being in contact with operating pipeline thanks to friction force, 
its packing lapping switches to packing mode (without the help 
of tap lapping). Because, the construction of the packer newly 
created consists of two parts (whole) with cylindrical and 
conical surface. 
 
Experimental Section 
 
Let’s consider the problem of stability losses during the work 
of the packer with girdle (cylindrical-conical surface) by 
external pressure distributed equally. The packer 
cylindrical-conical construction is generally considered to have 
different thicknesses, and being connected with cyli
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the efficiency of the work in using the packer without tap 
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conical parts between them. This can also be called a 
with girdle construction. 
 
Objectives of the problem 
 
The following two cases of the connection are possible:
 
- with its small diamteric edge conical part is connected to the 
cylindrical part (fig.1) (expanding of conical part)
 
Initial data: Let’s note the following markings:
 

сyl - the length forming the cylindrical part of the packer;

сylh  - the thickness of cylindrical part wall of the packer;

сyla - the radius of the middle surface of 

packer; 

сylE - elasticity module of packer material of cylindrical part;

сyl - Puasson coefficient of packer material of cylindrical 

part; 

)1(12 2

3

cyl

kcyl

k

hE
D


 - cylindrical hardness of the cylind

0 - the distance measured along the generatrixfrom top 

surface of the cone to the edge of small diameter;
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via numerical estimation by using finite differences method. With this purpose, continuity condition of 

has been written for packer construction (cylindrical and conical surface of the 
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conical parts between them. This can also be called a packer 

The following two cases of the connection are possible: 

with its small diamteric edge conical part is connected to the 
cylindrical part (fig.1) (expanding of conical part) 

note the following markings: 

the length forming the cylindrical part of the packer; 

the thickness of cylindrical part wall of the packer; 

the radius of the middle surface of cylindrical part of the 

elasticity module of packer material of cylindrical part; 

Puasson coefficient of packer material of cylindrical 

cylindrical hardness of the cylindrical part; 

the distance measured along the generatrixfrom top 

surface of the cone to the edge of small diameter; 
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- the thickness of conical part wall of the packer; 

 - the angle between the conegeneratrix and its base; 
- elasticity module of packer material of conical part;                   

(
kcyl EE  ); 

- cylindrical hardness of the packer conical 

part. 
 
Differential equation, solving stability problem of sylindrical 
part due to qР  external pressure impact, can be written as 

follows within conditions
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Fig. 1. Expanding direction parameters of conical surface of the 
packer with girdle construction 

 

here )(xcyl is deformation – flexion function of the packer and 

is connected with )(SWcyl
 flexion as follows: 

 

 cylcylcyl nW cos                                                                  (2) 

 

where  
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cyl
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s
x   is a measurelesscoordinate; 

сyln - is the number of the waves occured in circular direction 

during stability losses; 
- is the angle coordinate formed by the middle surface; 
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1. If  isn’t equal to zero or , then the system of 
differential equations, solving the stability problem in 
accordance with (4) work for conical part of the packer, can be 
replaced by a single equation. 
 

                                    (3) 

 

where  is flexion funciton and is connected with 

flexion by the following relation. 
 

                                                            (4) 

 

where  - is a measureless coordinate; 

- is the number of the waves occured in circular direction 

during stability losses; 

and are measureless 

parameters; 
 

- is a measureless parameter of the packer 

construction. 
 
After transformations, (1) and (3) equations can be as follows: 
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Thus, the same pressureqimpacts on the construction formed 

by cylindrical and conical surfaces of the packer, then cyl

parameter can be indicated by 
k , that is the following 

equation is obtained: 
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The approximate differential equations (5) and (6) do not allow 
for precise formation of elements attachment conditions 
(cylindrical and conical parts) of the packer with girdle 
construction. 
 
Let’s carry out only the following four of the eight attachment 
conditions. 
 

1)  Equality of W displacement projections perpendicularly 
to the rotation axis of a girdle construction of the packer 
to displacement projections alonggeneratrix of 
cylinder and cone, as they are very small,W can not be 
taken into account; 

2)  The equality of rotational angles forming cylinders 
and cones, 

3)  Equality of the spindle angles ; 

4)  Equality of sliding forces ; 

 
During the connection of  conical part with its large diameter 
edge to the cylindrical part (Fig. 2) (cone limitation), the 
positive direction of the coordinates is presented in Fig.2. 
Positive directions of W displacement, rotational angle, 

bending moment , and sliding force  is presented in Fig. 

3. 
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Fig. 2. Direction of coordinates in the constricting of the conical 
surface of the packer with a girdle construction 

 

 
 

Fig.3. Positive directions: 

a - bending moment  and sliding force vectors; 

b – W displacement and rotation angle vectors . 

 

If cylcylS  and 0kS are available, for “open to outside” 

girdle construction, the followings can be taken: 
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when 0kS and
1kS are available, then for the 

“constricting” girdle construction of the packer the following 
equation can be taken 
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the following equation can be written for cylM1 , kM 1  

bending moments and cylT12 , kT12 sliding forces: 
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The following equaiton should be carried out during stability 
lossesin the merging part of the cylindrical and conical parts of 
the packer with girdle construction in accordance with the 
conditions of the deformation unfiling and internal force 
factors. 
 

nnn kcyl 
 

 
On the base of this attachment condition, (8) and (9) can be 
written as follows: 
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where 
)(r

сyl and 
)(s

k are flexion funciton of their derviatives 

for merging junction of cylindrical-conical parts of the packer. 
 
The solution of the tasks 
 
Thus, since the solution of differential equation (6) is 
indefinable in a closed case, let’s solve the stability problem of 
the packer with girdle constructionby numerical evaluation 
using the finite difference method (Mareev and Stankova, 
2012). Let’s divide the length forming cylindrical area of the 

packer with girdle construction into cylm  equal parts and the 

length forming the conical area to
km  equal parts. 

Then, the step for cylindrical area will be

cylcyl

cyl

cyl
ma

t


  , 

however, for conical area it will be , where

. 

 

Let’s indicate the derivatives in the boundary zones (lapping) 
and at the junction of the girdle construction of the packer with 
the first convergence expressions forfinite values, and for all 
intermediate nodes with second convergence expressions 
(Godunov, 1999) 
 

Then attachment condition (11) will be as follows: 
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Replacing (5) and (6) differential equations with finite-
difference equations for the junction of the boundary zones and 
packer (cylindrical and conical spaces) yields the following 
result: 
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- is the boundary zone index of the cylindrical part of the 

packer with girdle construction and obtains 0 and
cyl

m values; 

j - is the boundary zone index of the conical part of the packer 

with girdle construction, obtains 0 and  values; 

 
Finite-difference equations for the intermediate zones of the 
packer with girdle construction will be as follows: 
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In (14) equations index can obtain whole numerical values 

from 1 to 1cylm  however, index can obtaion the values 

from 1 to  

 
The following finite differences equation for the amplitude 
values of bending moments and sliding forces in boundary 
zones are written as follows: 
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For “spreading” case of the packer construction, the following 
equation is obtained from finite difference equation (12) 
condition of the junction zone of the cylindrical part of the 
packer with a girdle construction: 
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In “constricting radial direction” of the packer with a girdle 
construction: 
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;    ;    

; ; ;    ;     

 
The value of the displacement function being outside the 
boundary of the packer is defined by the equaiton of boundary 
conditions. 
 
Commonly, they can be presented as follows: 
 

  for cylindircal part of the packer with a girdle 
construction 

 

; 

                                      (18) 

 
  for conical part of the packer with a girdle construction 

 

                    (19) 

 
where y is flexion function value in cylindrical and conical 
parts of the packer with a girdle construction. 
 
Finite difference equations have been used to remove the 
unknowns, belonging to the zones outside the boundary of the 
packer with a girdle construction, from the equations, so that, it 
is necessary to delete the row 1cylm  and column 3cylm  

from matrix A. As a result, we obtain matrix “A”. Matrix “A” 
consists of the row 1 kcyl mm and column 9 kcyl mm , i.e., 

it is a rectangle. Let’s create matrix “G” with boundary 
conditions, taking into account specific boundary conditions in 
the girdle (junction) part of the packer with a girdle 
construction. If we multiplymatrix “A”bymatrix “G” (with 
boundary conditions), we will have the square matrix “R” 

consisting of row 1 kcyl mm and 1 kcyl mm column and 

the coefficients of unknown bending functions in the nodes of 
the packer with a girdle construction. Thus, stability problem 
of the packer with a girdle construction in the effectqof the 
same external pressure and given boundary conditions is 
brought to the solution of the following matrix equation. 
 

                                                                    (20) 

 
Let’s consider the boundary conditions where the lower part of 
the cone is free,the top of the cylinderpractically loggedto: 
 
Let’s form the boundary conditions as follows 
 
- in logged case of the top of the cylinder 
 

 

 
- in free case of the bottom of the cone 
 

 

where “g” is a boundary zone index. 
 
 

  the part of the packer with a girdle construction 
“spreading in radial direction” has been logged 
completely: 

 

;   ;    ;     ; ;     ;   

; ; ; ;  ; 

                                                                                 (21) 

 
The bottom edge of cylindrical part has been logged, however, 
conical edge is free: 
 

;    ;    ;    ;    ;    

;   ; ; ; ;    

;                                                     (22) 

 
Both edges of the packer with a girdle construction are free: 
 

; ; ; ; ; ;

; ; ; ; 

;                             (23) 

 
“Constricting” part of the packer with a girdle construction: 
- for the logged case of the edges 
 

;   ;   ;   ;    ;   ;    

; ; ;  ;    

;                             (24) 

 
The edge of cylindrical part is free, however, conical part edge 
has been logged: 
 

;    ;    ;    ;    ;    

; ;    ;    ;    ;    

;                                               (25) 

 
Both edges of the packer with a girdle construction have been 
logged: 
 

;    ;    ;    ;    ; 

 

;    ; ;    ; 
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   ;    ;      

           (26) 
 

RESULTS AND DISCUSSION 
 
Stability problem of the packer with a girdle construction can 
be solved when the smallest special value  of “n” wave 

number, “R” matrix and according to this value, special 

vector y is determined. Special vector y and “n” wave number 
characterize the form of the packer with a girdle construction 
during its stability losses, according special vector , the 

following equation is used: 
 

3

1

)(  tg
hE

q k
kk

kcr


                                                          (27) 

 

As “n” wave number (20) isn’t determined directly by matrix 

equation solution, values of critic pressure and  parameter 

are determined. By determining “n” values and (20) solving 

matrix equation, a number of values of parameter is found. 

Among the values of  )(nk  the smallest value of  

providing the following equality is chosen. 
 

 

 

Iteration method of opposite matrix has been used for solving 
(20) matrix equation. (Fadeev and Fadeeva, 1963). 
 

Iteration process finishes in case the following inequality is 
ensured. 
 

 

 
For estimating precision of the solution on the following 
equation: 
 

 

 

Middle quadratic error of “R” matrix equation is calculated, 

where , N is the number of matrix. 

 
Initial calculations showed that, increasing division number of 
cylindrical and conical parts into lengths of generatrix from 10 

to 20 specifies the solution 1%. Based on this 10 kcyl mm

has been accepted for the solution of the problem.  
 
For the calculation,the packer the greatest and smallest radius 
and distance of which remain unchanged between the 
boundaries, has been selected. As changed value angle has 
been taken. At this time as a rule, the lengths of generatrix of 
cylindrical and conical parts were changed (Fig. 4 and 5). The 
calculation of “the logged part” of the packer with a girdle 
construction is carried according to measurements and 
characters of the given packer material. 

mmacyl 50 ;    ;    ;    MPaEE kcyl 6

;    48,0 kcyl  . 

 
In “constricting” case of the packer with a girdle construction: 
 

mmacyl 50 ; ; ;    MPaEE kcyl 6 ;    

48,0 kcyl 
 

 
Table 1 presents the results of the comparison of various 
values of the packer with a girdle construction with experiment 
values. 
 

Table 1 
 

 mmc ,   МPаqcal ,  

exp
crq

,

МPа cal

cr

q

q exp

 

The type of 
the packer 
during 
placement 
process 

30 342 116 2,53 1,7 0,67 Constricting 
packer 60 227 200 3,75 2,5 0,68 

60 227 200 4,75 3,3 0,69 Expanding 
packer 

 
As it is seen from the table, contact critic pressure of the 

packer is less 0,7 calq than exp
crq calculation pressure. 

 

 
 

Fig. 4. The dependence of crq pressure on   angle for various conditions 

and wall thickness of “expanding” elements of the packer with a girdle 
construction. 

0
kcyl

WW ; 0
kcyl

vv ; mmh
cyl

95 ; mmhk 65 . 

 
Fig. 5. The dependence of crq  pressure on  angle for various 

conditions and wall thickness of “constricting” elements of the 

packer with a girdle construction. 0 kcyl WW ; 

0 kcyl  ; mmh
cyl

95 ; mmhk 65  
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Conclusion 
 
Initial calculations show that, increasing division number of 
cylindrical and conical parts into lengths of generatrix from 10 
to 20 specifies the solution with 1% error. By theoretical 
experiments it has been grounded that, the value obtained from 
calculations should be multiplied t00,7 coefficient for 

determining 
exp
crq critic pressure of the packer with a girdle 

construction (cylindrical-conical surface), which will take into 
preparation technology of packer construction. 
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