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Abstract

One of the problems in the study of rupture theory is the study of the stress field in the area of
specific concentrators. From the point of view of practical application, stress concentration is mainly
found, not only in the area of sharp change in stiffness, but also in the area of holes. The solution of the
concentration problem is further complicated by the physical nonlinearity of the material resulting from
the loads. In this article, an infinite plate with a central longitudinal hole, specifically elliptic, under axial
load is discussed. The purpose of the article is to create a diagnostic model in the software complex FEMAP,
the solution of which will allow us to estimate the concentration zone (spreading area).
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Main part

Consider a plate with an elliptical hole on which a tensile force acts along the axis (Fig. 1), where
| and b the semi-axes are equal to 50 and 25 mm, respectively, if the semi-axes of the hole are several
times smaller of the width of the plate, then we can consider that we have an infinite plate that is stretched.

Analytical solution field see Fig. 2, and Fig. 3 where represents the plate according to the Kolosov-
Ingles theory of the average stress without a hole, it was found that the most dangerous peak stresses are
determined by the curvature of the hole, and at the vertices A.
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Fig. 1. The geometry of the plate to be constraint, load and mesh

Where the curvature is maximum, they can reach values that are many times higher than stress
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values in a solid plate: o, =0, (1+ Yyl According to the given formula, the stress at the vertices of a
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narrow ellipse (1/ b —is large) can become very large. If we enter the quantity p in the formula, which is
called the radius of curvature at the vertex of the section, we get
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Fig. 2 stress distribution

Solution was found that the calculation of stress concentration by this formula is used not only for
elliptical holes, but also for holes of any shape, on the contour of which there are points with a small radius
of curvature. Of course, in real materials the stresses may increase to certain limits and the above formula
cannot be used without further analysis. Stress concentrations must be carefully considered in strength
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calculations.

bbb

F

Fig. 3 Analytical solution

Stress concentrations must be carefully considered in strength calculations. Professor K. Thanks
to England, the concept of "stress concentration" was introduced. The number that shows how many times
the local voltages exceed the nominal is called the voltage concentration factor. Consider an example:

Given a steel plate with an elliptical hole at the center of 400x200x2mm, whose semi-axes are
50 mm and 25 mm, is subjected to a tensile force of 150 KN. (See Fig. 1.) Mechanical characteristics of the
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material: modulus of elasticity is equal to E =200000 MGP. Poisson's ratio is 4z = 0.3 and the relationship
between deformation and stress for a given material is given by the following formula:

2000005, & <[0;0.005]
-~ |2000, ¢ €(0.005;0.02]

FEMAP, an engineering calculation program created on the basis of finite elements, build a plate
of appropriate geometric dimensions (see Fig. 1). Let's model it with a 4-node quadrilateral finite element.
Make an ellipse around the elliptical hole with semi-axes of 65 mm and 35 mm, divide the created area
into the smallest possible rectangles, where the ratio of the sides will be less than 2, and increase the grid
on the remaining area (Fig. 1).

Material and property assignment

Create a functional relationship to describe the characteristics and properties of the material. To
describe the stress and deformation relationship, enter the graph coordinates (0;0), (0.005;1000),
(0.02;1000). During the calculation, if the deformation exceeds 0.02, extrapolation is required to calculate
the remaining points. Also, we indicate that the material is nonlinearly elastic, does not obey Hooke's law.
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Constraints and loads

Fix the plate in such a way that its nodes on the left side are restricted from moving along the X-
axis, and at the same time cannot rotate. All but one of the nodes will be able to move relative to the Y
axis, which means that the plate can bend, during stretching, it will be possible to compress the plate in
width. FEMAP has the ability to apply force to the line with a total load of 150,000 N, and the program
itself will distribute it to the nodes.
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Solution

Software results of nonlinear analysis of the given problem:
Case 1 Time 0.1 0.1*150=15KN load deformation is 0.099 mm and Mises stress is 213.4 MGP.
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A single element in the concentration area includes no more than two colors, which indicates that the Se
grid is well constructed. Also, it can be seen that there are different widths of bars in different elements,
this means that we have a non-linear distribution picture.

Case 2 Time 0.2 0.2*150=30KN load did not change the picture, the voltage increased to 426.6 MGP. And
the deformation will be 0.199 mm.

Case 3 Time 0.3. The load is equal to 0.3*150=45KN, the picture is the same, only the value of voltage 639.7
MGP has changed. And the deformation will be 0.298 mm. until the equivalent Mises voltage exceeds
1000 MPa. This image will not change.

Case 4 Time 0.4 0.4*150=60 KN, and the equivalent Mises stress is equal to 852.6 MPa. After that, the
image will change qualitatively.

Case 5 Time 0.5, 0.5°150=75 KN. The equivalent Mises voltage on the load is exactly 1000 MPa. The
deformation is equal to 0.496 mm. The image will change qualitatively and on all subsequent cycles the
image will change and the voltage will be unchanged at 1000 MPG. The deformations will increase on the
tenth stage (at the final stage) and I can see the picture visually:
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The deformation is equal to 1.026 mm. As can be seen from the picture, plastic flow of the material
took place.

Summary

Based on the numerical experiment, we can make the following conclusion, if we approximate the
surface of the plate with 4-node quadrilateral elements of different sizes (it is not necessary to use
parametric e.g. 8-node quadrilateral elements), the error with respect to the analytical solution is
practically equal to 0, and also if the ratio of the semi-axes of the hole is equal to two, then The voltage
value at the vertices of the parabola increases seven times.

References:

1. S. Bliadze, Z. Sesquiria, Structural Modeling and Structural Analysis in MSC/NASTRAN v .4.
“Tbilisi”, 2008, 339 pp.

2. A.V. Apeksandrov. V.D. Potanov Fundamentals of the theory of elasticity and plasticity. M. “High
School” 1990, 400pp.

3. A.G. Shcherbo. Fundamentals of the theory of elasticity and plasticity. Novosibirsi PSU 2008,
240pp.

4. V.I. Samul. Fundamentals of the theory of elasticity and plasticity. “High School” 1992.

5. H. Jane Helena, Theory of elasticity and plasticity PHI learning 2017y 264p.

6. Kolosov G.V. On one application of the theory of functions of a complex variable to a plane
problem in the mathematical theory of elasticity. - Yuriev: Printing house of K. Matthiesen, 1909.
- 187 pp.

7. Inglis C. E. Stresses in a plate due to the presence of cracks and sharp corners // Trans. Inst. Naval
Arch. - 1913. - 105, pt 1. - P. 219 - 230.

17



L59M5dMOOLM LsAYEBOIOIM FMMBIEO Lo359MM BHEMmBLSMEMEHO0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(17), 2023

_——~h

9oglMo bsbgmg@ol dJmby BomBoEOL dmEgEoMgds WMo
©33300m30L 390mbgz9350 3¢liG 03O0 IRMMTIsE300L Fosmzswolfjobgdoom

5.6. d¢rosdy, b.b. dewosdy, 6.1s. dewosdy
L5doM0039 MU bYog0s30M  boggMLoGEYEHO
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