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ABSTRACT 

The mechanism is considered, in which 

as a working element the flexible elastic 

thin-walled element with the any form of 

an axis is used. The moving of an element 

is carried out at submission of pressure in 

a cavity of an element. The given task is 

nonlinear and are reduced to the second 

regional task Koshee. For the decision the 

method of discrete continuation on 
parameter in a combination to a method 

multisegment shooting is used. The 

technique allows to pick up under the 

given law of moving geometrical 

parameters of a flexible element. 

Key words: a flexible elastic thin-
walled element, working characteristic, 

discrete moving, working body. 

 

INTRODUCTION 

In modern technology vacuum 

technologies are widely used. Vacuum 

technology has its own characteristics [1, 

7, 11]. In manipulators working in 

conditions of vacuum, it is necessary to 

reduce external friction negatively 

influencing on working environment. It is 

possible to apply to elimination of external 

friction mechanisms, in which the moving 
of the executive body is carried out 

thanking deformation of a flexible elastic 

thin-walled element at submission of 

pressure in a cavity of an element. The 

connection of elements among themselves 

allows to create mechanisms carrying out 

various functions: moving of the executive 
bodies or force influence them on object of 

processing [3]. Depending on parameters 

of an element and character loading the 

occurrence of effect bifurkation, allowing 

by jump to change the form of an element 

and, due to this is possible, to provide 

discrete moving of a working body. In 

connection with wide use of elastic thin-

walled elements the research of elements 

with various geometrical parameters is 

necessary. 

Definition of a task 

Two types of flexible elements are 
considered:  

Flexible element having a plane of 
symmetry; 

Flexible element as a pneumatic spring 
bent on some radius of curvature. 

 

The element of the first type can be 
simulated by the bent core, which form 

coincides with the form of cross section. 
Different variants of parities for flexible 

cores are known today. As permitting 

system the system of the nonlinear 

differential equations concerning basic 
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unknown is used. Vector basic unknown in 

current section of a core enters the name 

as 

 MQNYXX T ,,,,,  , (1) 

where X Y,  - coordinates of the 

current point on an axis of a core;   - 

corner of an inclination toucher in a 

considered point; QN ,  - longitudinal 

and cross force; M - bending moment. 

The initial differential parities represent 
system of the nonlinear differential 

equations which have been written down 
in the standard form Koshee, are 

complemented by regional conditions [5, 

8]. Thus, the problem of research of 

nonlinear behaviour of cores is reduced to 

a point-to-point regional task. The task is 

solved in a dimensionless kind.  

The element of the second type 
represents thin axis-symmetrican cover of 

rotation open-ended in a district direction. 

As initial the basic parities of variant of the 

theory thin axis-symmetrican covers, 

modernized for the tubular manometerical 

elements [6]. At research two-dimensional 
the task is reduced to one-dimensional 

with the help of the generalized hypothesis 

of flat sections. A vector basic unknown in 

the current section of an cover: 

 
1

,,,,, MVUvuX T  , (2) 

where U  and V  - horizontal and 

vertical making internal force; 
1

M  - 

bending moment working in meridional 
direction.  

Is entered additional unknown   - 

relative change of the central corner 

determined by the following expression: 






0

0


 , (3) 

where   and 
0

 - central corners of 

cover before and after deformation 

accordingly. 

The additional equation closing system, 
is received from a condition of balance: 

the size of the equivalent moment of 

internal forces in cross section should be 

equal to the external moment enclosed to 

cut off part [2]. The system of the 
nonlinear differential equations enters the 

name in a dimensionless kind [4, 9]. 

Supplementing system by regional 

conditions, we reduce a problem of 

research of behaviour of an element to a 

regional task. 

With use of a method multisegment 
shooting [10] the point-to-point regional 

task is replaced multidot (for rod and for 

cover models). The procedure of the step-

by-step decision by a method of discrete 

continuation on parameter is used. 

The practical interest represents 
reception of the working characteristic of 

a flexible element – to dependence of 
moving of a characteristic point on loading 

(internal pressure). The working 

characteristic allows to estimate quality 

and efficiency of work of an elastic 

element, and also to estimate possibilities 

of use of an elastic element in a design of 

the machine. 

 

RESULTS  

The rod model was used for the 

numerical decision of a practical task - 

analysis of process nonlinear deformation 

of the emergency switch shown in a figure 

1. 
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Figure 1 – The settlement circuit of the emergency switch 
Using the technique described in the 

article, the researchers of the process of 

deformation of flexible elastic elements 

are carried out. Different cross-sectional 

shapes with different geometric 

parameters are researched. The basic 

geometrical parameters of initial 

settlement elements are given in the table 

1. The results of account of a flexible 

element of variable thickness with the 

various form of cross section are given in 

a figure 2.  

 

Table 1 – Geometrical parameters (mm) of cross section of the switch 

№ of switch a b R1 R2 

1 2,0 2,56 4,65 1,5 

2 2,5 1,71 6,85 1,0 

3 3,0 1,28 8,81 0,75 

4 4,0 0,80 3,76 0,4 

Note. c =0,2 mm; h =0,1 mm; l =8,0 mm. 

 

The results are the performance 
working characteristics of the elastic 

elements researched – dependence of 

vertical moving VC of a point C from 

internal pressure. The material is 
characterized by the module of elasticity 

of the first sort Е=0,2 1012 Pa (Pascal) and 

coefficient of Poisson =0,3. 
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2 – Working characteristics of the switch 

The analysis of the received working 
characteristics shows, that at various 

geometrical parameters of the switch it is 

possible to receive zones leaps. The area 

of spasmodic transition from one 

equilibrium situation in another provides 

discrete operation of the switch. There is a 

zone, in which the insignificant increase of 

internal pressure results in significant 
movings (curve 1). Depending on the 

showed requirements the similar elastic 

elements can be used as sensitive elements 

of devices. With the help of the developed 

algorithm the results of numerical research 

essentially of nonlinear process 

deformation of flexible tubular elements 

are received. The plane-oval 

manometerical tubular spring with half-

axises a=8,55 mm and b =1,35 mm, radius 

and which thickness according с and h was 

considered. The material of considered 

springs is characterized by the module of 

elasticity of the first sort Е=0,1 1012 Pa, 

internal superfluous pressure 0,1 106 Pa 

(MPa). For reception of a flexible tubular 

element of discrete action it is offered to 
use internal membrane partition for 

creation of area of compression in tubular 

manometerical elements. The basic 

geometrical parameters of the considered 

models are given in the table 2. The results 

of numerical research as the working 

characteristics are given in a figure 3. 

The carried out researches show, what 
not for all forms of cross section use of 

such constructive decision as membrane 

partition is lawful. For some elements the 

internal partition works on compression.
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Table 2. Geometrical parameters (mm) of cross section manometerical of element  

№ of element c H R2 

1 121 0,6  

2 121 0,6 40 

3 121 0,6 30 

4 121 0,6 2,65 

5 121 0,6 5 

6 50 0,15 1 
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Figure 3 – Working characteristics of the manometerical elements 

The developed technique has allowed to 
pick up the form of cross section tubular 

manometerical element with internal 

membrane partition of discrete action. The 

working characteristic of such element is 

shown in a figure 4. The carried out 



 

ISSN 2424-645X | Volume: 01 | Issue: 01 | 15-01-2019 

experimental researches confirm discrete 

operation of an element. 
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Figure 4 – Working characteristics of the tubular element with discrete action 

 

At designing mechanisms, which 
working bodies realize the given moving, 

it is recommended to use the considered 

flexible elastic elements. Use of flexible 

elastic elements of discrete action allows 

to simplify a design of mechanisms 

realizing discrete moving of a working 

body; to increase speed; to lower power 

consumption. 

CONCLUSION  

The flexible elastic element of the 
emergency switch is considered. The 

geometrical parameters of elements of 

discrete action are received.  

Is considered flexible elastic 
manometerical element. The geometrical 

parameters of a flexible tubular element 
realizing in process deformation 

discrete operation are received. 
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