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APPLICATION OF MODEEN EDUCATIONAL RESOURCES FOR
CALCULATIONS OF DETAILS

In the modemn educational process, 1t 1s difficult to present education without
iwodem educational resources. The need to modernize engineening education is due to
mumber of objective factors: the growing pace of techmical progress. rapid
chnological changes i industnial production, prierities for increasing its efficiency

]

Modermn education, which 1s based on the informatization of the educational
rocess, changes its structure and content, as i1t allows the use of mnformation and
ymmumication technologies, the use of which m the educational process 1s connected
1th the mtroduction of CAD/CAE systems mto the teaching methodology [2. 3]. They
rovide a quick and accurate solution on the computer of all, without excluding
roblems in three-dimensional space. since the methods of three-dimensional
wdelling (solid, surface, hybnid) fundamentally change the methodology of design
1d production preparation: the main, primary carrier of information about the
=signed object becomes 1ts 3D model, and the drawings created according to this
wodel are a secondary form of displaying the object [4].

SolidWorks 1s an automated design svstem that uses the user-friendly graphical
terface of Microsoft Windows. SolidWorks allows desion engineers to quuckly
isplay thetr ideas i a sketch, experiment with elements and dimensions, as well as
-eate models and detailed drawimngs [5].

SolidWorks Simmlation 15 an add-on to SW designed for solving problems of the
ilechamics of a deformed solid body using the finite element method (numencal
mulation). The program uses the geometric model of the part to form the calculation
wdel. Integration with SW makes it possible to minimize operations associated with
recific features of finite element approximation [6. 7].

SolidWorks Simmilation 15 based on the finite element method (FEM) — a method
f approximate numerical solution of physical problems. It is based on discretization
f the object mto a finite set of elements. Finite elements have different shapes and
zes. As a result of discretization, a mesh 15 created from the boundaries of the
lements. Their mtersections form nodes. The set of all fimite elements and nodes 15 a
nite element model of a deformed body. The choice of the type, shape, and size of
nite elements depends on the type of stress-strain state, shape. and load of the body
nder study [8].




Thus, 1 works [8. 9]. the nfluence of the SolhidWorks Simulation mesh quality
on the accuracy of part calculations was evaluated. For reliable results, a high-quality
mesh based on curvature is used, and for Jacobian verification. the parameter "In
nodes" with the selection of the optimal number and size of finite elements, which
improves the accuracy of calculations.

The authors [10] determined the dependence of the nodal stress on the number
of finite elements of the model. The conclusion was made: to build a mesh of the
optimal size, 1t 15 necessary to conduct a senes of expeniments. gradually mcreasing
the number of finite elements and companng the results of research. Starting from a
certain number of finite elements. the value of the sought value will change slightly,
which will determine the optimal gnd size.

The purpose of this study was to determine the parameters of the grid. which
determines the mimmum permissible value of the safety factor ([n] = 1.5) of the driven
gear of the drum gear unit of the UVN-74 vacuum spraying unit. For this, a 3D model
of the gear block was created m SolidWorks (fig. 1, a).
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Fig. 1. 3D model of the gear block (a) and the purpose of its matenal (b)

Then the SelidWorks Stmulation software module was applied to the model: the
type of study of the stress-strain state was chosen - static analysis. Dunng ifs
implementation, the material of the part was determined (austemitic stainless steel
1.4541 X6CiN1T118-10, an analogue of steel 12X 18H10T, from which the gear block
1smade — fig. 1. b).

Places of attachment were selected (in this study — fixed geometry) and external
loads were applied (circular force Fr= 354 N, radial force F;=129 N —fig. 2, a). Then
the system divides the model into elements connected at nodes: the finite element
analysis program considers the model as a gnid (fig. 2. b).
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Fig. 2. Fixing the driven gear block and applying loads to it (a) and gnd
parameters (b)

To determne the gnd parameters that correspond to the minimum value of the
safety factor of the driven gear block. studies were conducted, the results of which are
shown n fig. 3.
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Fig. 3. Dependence of the mimimum safety factor on the maximum size of the
grid element

Thus. 1n order to determine the parameters of the mesh according to the purpose
of the research, the maximum size of the mesh elements was changed and the
experimental results were compared: the maximum size of the mesh element
5.54739077 mm corresponds to the minimum value of the margin of safety coefficient,
which 1s larger than permissible (fig. 3 —n =1.529). At the same time, the parameters
of the finite-element mesh are as follows: a high-quality mesh based on curvature, "in
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nodes”, a total of 55564 nodes; total elements 33913; maximum aspect ratio 21.796;
the percentage of elements with an aspect ratio <3 15 79.9; the percentage of elements
with an aspect ratio =10 15 0.752; percentage and number of distorted elements 0).

Calculation results: the maximum nodal von Mises stresses occur m node No.
22750 and are opy = 261.6 MPa; the maximum Iesultmg URES displacement occurs
at node 969 and 15 hpe = 0.00215 mm; the maximum equivalent stramn of ESTRN
occurs at node 6109 and 15 8p = 0.001053 mm.

Therefore, modem educational resources in the educational process of future
engineers play a key role m traming highly qualified specialists.
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