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INTRODUCTION 
 
A flexible thread means a body whose one size is much larger than the other two sizes and does not resist bending.
ropes, chains, cables, electric wires, cables, etc. can be considered as flexible threads.
considered as a flexible thread. It is known that when a flexible thread is considered inextensible, under the influence of its own 
weight it takes the form of a chain line. When calculating for strength, one must take into a
thread. In all existing studies, to perform strength calculations is used the differential equation of the curved axis of the filament. 
The solution that is obtained using the equation of the curved axis is in the form
associated with great mathematical difficulties In addition, the differential equation of the curved axis is obtained for pur
i.e. The rod is bent due to the moments acting in the longitudinal s
thread occurs under the influence of its own weight, which in many cases is directed precisely in the transverse direction of
or has a component directed perpendicular to the axis of
 
All this circumstance makes it necessary to create a new method for calculating the strength and rigidity of flexible threads
present paper, for the first time, this problem is considered not in Eulerian a but in Lagrangian v
with a deformed body, but with an undeformed body. Exact analytical solutions are obtained, and after obtaining the solution 
Lagrangianvariables it is possible to go over to Euler variables.
than existing solutions and the application in practice presents no difficulties.
 
The equilibrium equation of flexible threads
 

To obtain the equilibrium equation of a flexible thread, let us consider the equilibrium of an arbitrary element 

force acts -T and TdT  The applied at the ends of
have the form [2]: 
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ABSTRACT 

The solution that is obtained using the equation of the curved axis is in the form of an infinite series 
and practical application is associated with great mathematical difficulties. 
equation of the curved axis is obtained for pure bending, i.e. The rod is bent due to the moments 
acting in the longitudinal sections, and there are no lateral forces.
occurs under the influence of its own weight, which in many cases is directed precisely in the 
transverse direction of the rod or has a component directed perpendicular to the axis of the flexible 
thread. All this circumstance makes it necessary to create a new method for calculatin
and rigidity of flexible threads. In the present paper, for the first time, this problem is considered not 
in Eulerian a but in Lagrangian variables. in variables not connected with a deformed body, but with 
an undeformed body. Exact analytical solutions are obtained, and after obtaining the solution in 
Lagrangian variables it is possible to go over to Euler variables. Moreover, the exact analytical 
solution obtained is much simpler than existing solutions and the application in practice pres
difficulties. 

is an open access article distributed under the Creative Commons Attribution License, which 
reproduction in any medium, provided the original work is properly cited. 

A flexible thread means a body whose one size is much larger than the other two sizes and does not resist bending.
ropes, chains, cables, electric wires, cables, etc. can be considered as flexible threads. Even  pipeline

It is known that when a flexible thread is considered inextensible, under the influence of its own 
When calculating for strength, one must take into account the elongation of the flexible 

to perform strength calculations is used the differential equation of the curved axis of the filament. 
The solution that is obtained using the equation of the curved axis is in the form of an infinite series and practical application is 
associated with great mathematical difficulties In addition, the differential equation of the curved axis is obtained for pur
i.e. The rod is bent due to the moments acting in the longitudinal sections, and there are no lateral forces.
thread occurs under the influence of its own weight, which in many cases is directed precisely in the transverse direction of
or has a component directed perpendicular to the axis of the flexible thread. 

All this circumstance makes it necessary to create a new method for calculating the strength and rigidity of flexible threads
present paper, for the first time, this problem is considered not in Eulerian a but in Lagrangian variables. in variables not connected 
with a deformed body, but with an undeformed body. Exact analytical solutions are obtained, and after obtaining the solution 
Lagrangianvariables it is possible to go over to Euler variables. Moreover, the exact analytical solution obtained is much simpler 
than existing solutions and the application in practice presents no difficulties. 

um equation of flexible threads 

To obtain the equilibrium equation of a flexible thread, let us consider the equilibrium of an arbitrary element 

The applied at the ends of it and the external force dsF . ТогThen the equation of equilibrium will 
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The solution that is obtained using the equation of the curved axis is in the form of an infinite series 
reat mathematical difficulties. In addition, the differential 

equation of the curved axis is obtained for pure bending, i.e. The rod is bent due to the moments 
acting in the longitudinal sections, and there are no lateral forces. A bending of a flexible thread 

of its own weight, which in many cases is directed precisely in the 
transverse direction of the rod or has a component directed perpendicular to the axis of the flexible 
thread. All this circumstance makes it necessary to create a new method for calculating the strength 

In the present paper, for the first time, this problem is considered not 
in Eulerian a but in Lagrangian variables. in variables not connected with a deformed body, but with 

cal solutions are obtained, and after obtaining the solution in 
variables it is possible to go over to Euler variables. Moreover, the exact analytical 

solution obtained is much simpler than existing solutions and the application in practice presents no 
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A flexible thread means a body whose one size is much larger than the other two sizes and does not resist bending. Widely used 
Even  pipeline stacked at great depth can be 

It is known that when a flexible thread is considered inextensible, under the influence of its own 
ccount the elongation of the flexible 

to perform strength calculations is used the differential equation of the curved axis of the filament. 
of an infinite series and practical application is 

associated with great mathematical difficulties In addition, the differential equation of the curved axis is obtained for pure bending, 
ections, and there are no lateral forces. A bending of a flexible 

thread occurs under the influence of its own weight, which in many cases is directed precisely in the transverse direction of the rod 

All this circumstance makes it necessary to create a new method for calculating the strength and rigidity of flexible threads. In the 
ariables. in variables not connected 

with a deformed body, but with an undeformed body. Exact analytical solutions are obtained, and after obtaining the solution in 
tical solution obtained is much simpler 

To obtain the equilibrium equation of a flexible thread, let us consider the equilibrium of an arbitrary element ds . Per element ds
. ТогThen the equation of equilibrium will 
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  0 TdTTdsF  
 

from this equation 
 

0
ds

Td
F                                                                                                                        ……………………………………….(1) 

 
Equation (1) is the equilibrium equation of the filament in vector form. We project this equation on the axes of the Cartesian 

coordinate system O .The projections of the tension force T will be 

 

  
 
Then equation (1) in the projections will be 
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Determination of the tension force of the filament under the influence of gravity and transverse currents 
 
Formulation of the problem: It is believed that, the thread attached to the two ends, is a force of gravity and force crossflow.The 
coordinate system is chosen so that the beginning of the system coincides with the lower point of the thread. The x axis is directed 
horizontally, perpendicular to the direction of the transverse flow, the y axis is directed along the stream, the z axis, is 
perpendicular to the xoyplane.It is believed that prior to deformation, the thread was positioned along the axis x. Then the point 

with coordinates (х,0,0) before deformation, it takes the position with coordinates   ,, after deformation. Components of the 

displacement vector  xu points (х,0,0) along the axis x,y,zwill be denoted by      xwxvxu ,, . Then the connections between 

the coordinates of the point after deformation (Euler variables) and before deformation (Lagrange variables) have the form: 
 

      xwxvxux   ;;                                                                        

…………………………………(3) 
 

For the case under consideration, equations (2) will be: 
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Where q unit length weight, g the force of the transverse flow per unit lengthIf the length of the element ds before 

deformation, we denote by dx and the values q and g before deformation through 0q and 0g then 

 

dxggdsdxqqds 00 ; 
 

 

Of(4)  

 































dxg

ds

d
Tddxq

ds

d
Td

ds

d
Td 00 ;;0

                                                             ……………………………………...(5)    

                           
Integrating (5), we have: 
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Where 32,, CCH are integration constants.Of (3) 
 

        wdxvudddds  22222
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When for
ds

d

ds

d

ds

d 
,, entering into (6) we obtain.: 
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whence 
 

  22

0

2

0

2 xgqHT                                                                                                         ……………………………(9) 
 

As seen from (9), the tension force gets its maximum value for large values in absolute value x .The strength condition for this 
case will be 
 

TT                                                                                                                                        …………………………..(10) 
 

Where T yield strength .Taking into account (10) in (9) for the maximum valuex, we obtain 
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Determination of displacements 
 
Elongation of the thread [3] 
 

dx

dxds
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Of(3)  
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When of (12)  
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 wvux                                                                                            …………………………..(13) 

 
Dividing both sides of the second and third equations of system (8) by the corresponding sides of the first equation of the same 
system, we obtain: 
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v                                                                                   …………………………….(14) 

 
Substituting (14) into (13) we have: 
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If the deformations are elastic, then 
 

xET                                                                                                                               ……………………………..(17) 

WhereE - product of the Young's modulus on the cross-sectional area of the filament. Substituting (9) and (15) into (17), we obtain 
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If we integrate (18) with the condition   0 xux , when 0x we obtain: 
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Taking into account (18) in the first equation (14), we obtain: 
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If we integrate (20) with the condition 0v when 0x we obtain: 
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In a similar way w, we get: 
 

 axakx
E

q
w  2220

2
                                                                          …………………………………………(23) 

                       
Where 

2

2
0

2
0

0 1 b
gq

g
k 




                                                                                      …………………………………………(24)    

 

If the thread is inextensible, i. e. E , we get 
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Of (25) we get:  
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As can be seen from (26), when the thread is inextensible in both planes, i.e. in the planes o and o the equation of the chain 

line is obtained.  
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In the particular case when there is no transverse flow 0;00  wg и (26) obtains the form: 
 

0;1 







 




a
chab

 
 

Thus, the particular case of the general solution obtained coincides completely with the known particular solution. 

Results 
 

 Equilibrium equations of a flexible thread in the Lagrange variables are derived. 
 Is found the analytical expression for the normal stress depending on the length of the sagging section, the linear weight 

and the intensity of the transverse currents. 
 Is determined. the critical length of the sagging section  from the tensile strength condition. 
 Is foundan analytical expression for displacements in the horizontal and vertical directions. 
 It is proved that when the filament is inextensible, it has the form of a chain line. 
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