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Annotation. The method of finite elements based on SolidWorks Simulation was
applied to determine the dependence of the minimum coefficient of safety margin of
the driven gear of the drum gear block of the vacuum spraying unit UVN-74 on the

parameters of the finite element grid.
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Anomauisa. 3acmocosano memoo ckinuenHux enemenmis Ha 0a3i SolidWorks
Simulation 0nsa 6usHauenHs 3anedcHocmi MIHIMAILHO2O Koeiyienma 3anacy
MiyHoCcmi 8edeHoi wecmepHi OJIOKY wecmepenb 6apabana YCmaHo8KU 8AK)YMHO20
nanunennss YBH-74 6i0 napamempie cKiHueHHO-eneMeHmMHOI CImKU.

Knrouoei cnoea: SolidWorks Simulation, memoo cxinyennux enemenmis, O0JI0K

uecmepenn, 8e0eHa uecmepHs, Koegiyienm 3anacy MiyHocmi.

Introduction. In today's conditions of technological development, it is no
longer possible to imagine high-quality higher technical education without
comprehensive use of modern automated design systems. One of the leading systems
today is the SolidWorks software complex, which is widely used at machine-building
enterprises around the world [1; 2].

SolidWorks solutions help in daily work by providing a user-friendly integrated
three-dimensional design environment that covers all aspects of product development
and helps to increase the productivity of design work [3; 4].

SolidWorks Simulation is a structural analysis system that is fully integrated
with SolidWorks. SolidWorks Simulation and provides stress analysis, loss of
stability, optimization, as well as frequency and thermal analysis on a single screen.
Equipped with fast solving programs, SolidWorks Simulation makes it possible to
quickly solve large tasks using the user's personal computer [5].

The software uses the finite element method, which is a numerical method for
the analysis of technical structures. It is accepted as a standard method of analysis
due to its versatility and suitability for work on computers. The finite element method
divides the model into many small parts of simple shapes (elements), effectively
replacing a complex problem with several simple ones that must be solved together.
Elements have common points (nodes). The process of dividing the model into small

parts is called creating a grid [6; 7].
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SolidWorks Simulation determines the size of the element for the model, taking
into account its volume, surface area, and other geometric characteristics. The size of
the created grid (the number of nodes and elements) depends on various parameters.
In the early stages of structural analysis, where approximate results may be
appropriate, a larger element size is specified for faster resolution. A smaller element
size may be required for a more accurate solution [8].

For a mesh on a solid, numerical accuracy is best achieved with a mesh with
identical perfect tetrahedral elements whose edges are equal in length. It is impossible
to create a grid of perfect tetrahedral elements for the entire shape. Due to small
edges, curved shape, thin-walled elements and sharp corners, some edges of some
created elements are longer than others. When the edges of the element are very
different in length, the accuracy of the results decreases. On very sharp or curved
boundaries, placing middle nodes on the actual shape can result in distorted elements
with intersecting edges. It is recommended to set the "At nodes" parameter for the
Jacobian check for solving static problems [5].

Analysis of the latest research. For example, the authors of [9; 10] evaluated
the impact of mesh quality on the accuracy of detail calculations. For this, a high-
quality grid based on curvature was used, and for the Jacobian check, the «At nodes»
parameter was set with the selection of the optimal number and size of finite
elements.

In [11], the dependence of the nodal stress on the number of finite elements of
the model was determined. It is established that in order to build a mesh of optimal
size, the number of finite elements must be gradually increased. Starting with a
certain number of them, the value of the sought value will change slightly, which will
determine the optimal grid size.

The aim of the article. The purpose of this study: to determine the dependence
of the minimum coefficient of safety margin of the driven gear (fig. 1) of the gear
unit of the drum of the UVN-74 vacuum spraying unit on the parameters of the

SolidWorks Simulation finite element mesh.
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Fig. 1. Drawing of a block of gears

Research Methodology. The study was conducted using SolidWorks solid
graphics software and the SolidWorks Simulation strength calculation module built
into it.

First, a sketch is drawn in SolidWorks, the base is created, and then numerous
elements are added to the model. When creating models, work with separate
geometric elements (bumps, cutouts, holes, rounding, chamfers, etc.). As elements
are created, they are inserted directly into the projected model.

The finite element analysis algorithm includes the following steps [12]:

— installation of fasteners in the faces or edges of the model, which remain
functionally immobile during the operation of the part;

— application of load to the faces or edges of the model;

— generation of a mesh of finite elements with given parameters;

— carrying out a static calculation and viewing the results.

Research results. The general method of building a solid-state model of a gear

block in SolidWorks is shown in fig. 2.
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Fig. 2. Solid-state model of the gear blockper

The SolidWorks Simulation software module was used to determine the strength
parameters of the gear unit model: static analysis was selected as the type of study of

1ts stress-strain state.

The material from which the gear block is made is selected from the SolidWorks

library — steel 1.4541 (X6CrNiTi18-10) - fig. 3.

Properties

1.4541 (X6CrNiTi18-10)
Linear elastic isotropic
Maximum tension von
Mises

4e+08 N/m”2

6e+08 N/m”"2

2e+11 N/m"2

Name:

Model type:
Default strength
criterion:

Yield strength:
Tensile strength:
Modulus of
elasticity:
Poisson's ratio:

0,28

Mass density:

7 900 kg/m”3

Shear modulus:

7,9e+10 N/m”"2

Thermal expansion

1,1e-05 /Kelvin

coefficient:

Fig. 3. Assignment of the gear block model of steel properties X6CrNiTil8-
10

The attachment points of the gear unit model (fixed geometry) were selected and

external loads were applied to it (fig. 4).
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a b
Fig. 4. Fixing the gear block model (a) and forming the load pattern (b)

In order to determine the dependence of the minimum margin of safety of the
driven gear of the gear unit on the parameters of the finite element grid, standard
grids based on curvature with different values of Jacobian points and density were
created (table 1).

Table 1

Dependence of the minimum margin of strength nmin on the parameters

of the finite-element grid

Jacobian points 4 4 4 16 29 At nodes

Grid density Rude | By default | High High High High

Element size, mm | 2,4695 1,9756 0,9878 | 0,9878 | 0,9878 | 0,9878

Tolerance, mm 0,1235 0,0988 0,0494 | 0,0494 | 0,0494 | 0,0494

Nmin 2,567 1,761 1,601 1,601 | 1,601 1,601

The created mesh on the model of the gear block is shown in fig. 5.
The resulting forces and moments of reaction acting on the gear unit are
determined. A stiffness matrix was constructed and a finite element model of the gear

block from its individual elements was synthesized.
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Fig. 5. Displaying the mesh on the gear block model:
a — element size 2.4695 mm;

b — element size 0.9878 mm

The resulting system of algebraic equations was solved and the components of
the stress-strain state of the gear block were determined: maximum Von Mises stress
o = 2.499¢+08N/m”2 (node 80734); the maximum resulting movement of URES
h=2.165¢-03 mm (node 7739 — fig. 5); maximum equivalent strain ESTRN
0=9.442e-04 (element 11719). At the same time, the minimum safety margin
n=1.601e+00 (node 80734), which is more than the permissible [nmin] = 1,5.

URES (mm) URES (mm)

2,167e-03 2,165e-03
. 1,950e-03 ._ 1,949¢-03
_ 1,733e-03 _ 1,732e-03
_ 1517e-03 _ 1516e-03
. 1,300e-03 _1,299-03
Mur: 1,000e-30) Mu: 1,000e-30)
1,083e-03 | 1,083e-03
’ 8,666e-04 . . 8,660e-04
& Makc 2,167e-03 e Makc 2,165e-03
6,500e-04 _ 6,495e-04
4,333e-04 _ 4,330e-04
2,167e-04 2,165e-04
1,000e-30 1,000e-30

Fig. 6. Calculation results of total deformations ESTRN of the gear block

model: a — element size 2.4695 mm; b — element size 0.9878 mm
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Conclusions. It was established that the minimum margin of safety of the driven
gear when using a high-quality grid does not depend on the number of Jacobian

points (4, 16, 29, in nodes) under the given research conditions.
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