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Abstract. The development of an exchange information system of an underwater vehicle is usually 
a separate task in the design of each means of underwater robotics. One of today's tasks is to create 
such a structure of the exchange information system that will ensure its modular design and reduce 
efforts to develop an unique system to each series of devices. To solve this problem, it is proposed to 
use a three-level system of information exchange, which will ensure the modularity of the system. 
Key words: exchange information system, underwater vehicle, hierarchical structure. 
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CYCLIC ELASTIC-PLASTIC DEFORMATION IN THE STRESS RAISER  
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Abstract. There are presented dependencies of determination of the intensity of cyclic elastic-plastic 
strains in the stress raiser for the typical ship beam-web with bend of axis without a free flange. The 
mentioned dependencies were developed on basis of the appropriate static dependencies. The material 
is ideally plastic. It was proved that static and cyclic ranges are practically identical for the symmetric 
cycle of external moderate loading. This fact allowed to extend existing static dependencies. 
Keywords: plasticity, cyclic deformation, elastic-plastic deformation, ideally plastic body. 

Introduction. In ship hull constructions there are beams with bend of axis without a free 
flange, which may be attached to the top curvilinear/broken edge (fig. 1). 

 
Fig. 1. General view of a beam with break of web without a free flange 

 
Such beams are affected by the axial loading p1, caused by common bending of a ship hull 

and bending loadings p2, caused by local deformation of grillage. For nowadays there are no 
systematic relations for calculation of its strain-stress state (SSS) and design. Studies were passed for 
tension-compression as for the most dangerous state. The calculation scheme is presented in [1]. In 
[1, 2] there is discussed elastic-plastic deformation of this beam-web (fig. 1) under static load and 
appropriate relations are offered depending on geometry and magnitude of external load. Thus elastic-
plastic behavior in the stress raiser 6 under cyclic loading applied to edge 1 (fig. 1) is interesting, 
which has never been investigated systematically. 

In this work there are offered relations of cyclic elastic-plastic strains under cyclic symmetric 
external loading p1. 

Main part. The serial calculations were produced with the use of the program that realize the 
finite element method (FEM) developed by the author using the programming language C++. There 
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was applied plastic flow model in the frame of FEM for ideal elastic-plastic material. The particulars 
of the model were explained in [1, 2]. Soft cyclic loading was realized. On the fig. 2 there is performed 
the cyclic diagram of the dangerous point in the stress raiser of the beam-web for the steel «Ст3» 
with parameters H/h = 1,6; α=45°; r/h=0,1; p/σs=0,713879, where σs – is the yield limit, under 
symmetric external load [–p1; +p1]. 

 
Fig. 2. The cyclic diagram of the stress raiser for symmetric p1 cycle 

 
This diagram is written in coordinates εi – σi, that means intensity of strains – intensity of 

stresses (by Mises), where signs of εi and σi are traced by signs of its components. The point C match 
to static single load from 0 to p1 (or to –p1). The first cycle goes by the trace ABCDEF, but the rest 
cycles go by the closed trace FGHE, which present the hysteresis loop of the cyclic diagram. 

Investigation of the cyclic deformation require a lot of time even for one variant. When p1/σs≤ 
0,65 the ranges of intensity of cyclic (full) elastic-plastic εi cycle and plastic εip cycle strains can be 
calculated by the relations 

cycle cycle

cycle cycle

2 1,12 1,15, 2,58 ,
2( 1) 1,21 1,15, 2,78 ( 1) ,

i i iey i i iey

ip i iey ip i iey

                           
   (1) 

where i , ip  – are relative intensities of elastic-plastic and plastic strains under static singe loads [1, 
2], which depend on geometry parameters and magnitude of external load p1; εiey – intensity of elastic 
strains, when the plastic flow initiate in the stress raiser, that can be calculated by the relation  

,
3

s
iey G


        (2) 

where G – shear modulus. 
Factors 1,12 and 1,21 in formulae (1) are connected with accuracy of empirical relations for 

static dependencies i , ip ; factor 1,15 consider the fact that the magnitude of cyclic range is always 
bigger than the static one. 

On the fig. 3 there is performed the cyclic diagram of the dangerous point in the stress raiser 
of the beam-web for the steel «Ст3» with parameters H/h = 1,6; α=45°; r/h = 0,1; p/σs = 0,713879, 
under zero-to-tension external load [0; +p1]. 
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Fig. 3. Cyclic diagram of the stress raiser for zero-to-tension p1 cycle 

 
The first cycle goes by the trace ABCDEF, but the rest cycles go by the closed trace FGHE, 

which present the hysteresis loop of the cyclic diagram (fig. 3). 
In case of zero-to-tension and unsymmetrical cycles relatively external load p1 the width of 

the hysteresis loop isn’t connected with static strain range. Investigation of unsymmetrical cycles is 
an independent theme. 

Analyzing cycle diagram on the fig. 2 and 3 it can be concluded that parameters of cycle of 
nominal load aren’t connected with parameters of cyclic diagrams. 
Conclusions. Relations (1) for a range of intensity of elastic-plastic and plastic strains of cyclic 
diagram of the dangerous point in the stress raiser 6 (fig. 1) are independent. These relations can be 
used in the composition of any strain criteria of fatigue assessment, including the criteria which 
connect parameters of crack growth and range of cyclic diagram. 

Expressions (1) will always be original in methods of fatigue assessment of the beam-web for 
irregular but symmetric cycles of nominal loadings with usage of strains criteria that implies using of 
damage accumulation criteria. 
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