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NONLINEAR DEFORMATION OF COMPRESSED-BENT THE PLATE WITH A CUT

Guk N. A., DSc (Phys.-Math.), Stepanova N. I., senior lecturer 

Oles Honchar Dnepropetrovsk national university 
Gagarina av., 72, Dnipro, Ukraine 

nist66@mail.ru 

A multiple construction of calculation model is necessary when performing iterative calculations using 
the finite element method (FEM) for thin plates with a slit (crack). The paper presents an approach to 
modeling the slit in the plate by setting the static conditions on a line coincident with the edges of the 
slit. 
The problem of determining the conditions on the slit line for continuous plate is formulated as an 
inverse problem. Leaps of generalized displacements on the section line are unknown functions of 
inverse problem. 

On the region 1 2 1 2, ,X x x a x a b x b  with the border  a thin plate with a straight 

slit is considered. The boundaries of the slit are marked using p . 

The variational formulation of the direct problem of deformation of the plate under the action of normal 
load q to the surface at a known location of the slit border p  is as follows: 

 UJU
U

minarg ,   *UU , (1)

where wvuU ,,  is vector-function displacement in directions 1x , 2x , z ; JJUJ 0  is the 

functional of total energy of the system; 0J  is the energy of deformation of the plate; J  is the potential 

of external forces. 
Dimensionless quantities are introduced during the formation components of the functional UJ . The 

nonlinear equilibrium equations of the plate as functions of force and torque, conditions at the border 
region  and on the banks of the slit and also geometric ratios follow from the stationarity conditions 
of the functional UJ . Assessment of the continuity of functional was obtained for the study 

correctness of inverse problem solution.  
To solve the problem in the variational formulation the transition to a discrete model of the plate using 
the FEM is carried out. The unknown functions direct and inverse problems are presented in a 
parametric form. 
It is shown that the problem of deformation of the plate with a slit equivalent to that of a continuous 
deformation of the plate with the given irregular movements 

p
U on the slit line. To determine the leaps 

of displacements the problem is formulated as an inverse problem in the form: 

 
pp

p

p
UUU T

U

~~
minarg

~
~

, QU
p

~
, (2)

where 
p

U
~  is a vector of discrepancy: for const1  a vector of discrepancy consists of components 

22221222 ,,,
~

QMTTU
p

; for const2   11111211 ,,,
~

QMTTU
p

. The zero values of the 

components of the vector of discrepancy ensures that the static boundary conditions at the boundary slit 

p . 
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The implementation conditions (2) is carried out using the Newton method. The proposed approach to 
solving the problem is described iterative algorithm. Using the proposed approach a simulation of the 
slit in the continuous plate was done. 
The proposed approach can be used to Refine the picture of the stress-strain state of a plate with a real 
slit, which is built using the finite element method. 

Key words: thin-walled system, cut, jump displacement and rotation angles, inverse problem, functional, Newton s 
method. 
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q  p

 

 arg min
U

U J U ,   *U U , (1)
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