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PROSPECTS FOR USING SOLIDWORKS IN MODERN EDUCATION

Annotation. SolidWorks is a CAD/CAE-system of automated design and
engineering analysis of modern education. With its help, the parts of the stand for
straightening deformed stamped wheels of passenger cars were designed, and in the

SolidWorks Simulation application, the static strength of one of the parts of the tested
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stand — the rocker arm — was determined.
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Anomauin.  SolidWorks —  CAD/CAE-cucmema  asmomamuzo8aHo20o
NPOEKMYBAHHA MA [HXHCEHEPHO20 AaHani3zy CYyYacHoi oceimu. 3 ii 0onomozcoio
CNPOEKMOBAHi demani cmenoy 0 Npasku 0epopMOBaAHUX WMAMNOBAHUX OUCKIB
KoJic Je2kosux asmomooinie, a y oodamky SolidWorks Simulation eusznauena
CmMamu4Ha MiyHicmv 0OHIEL 3 Oemaneti 00CIONCYBAHO20 CMEHOY — KOPOMUCIA.

Knwuoei cnosa: SolidWorks, SolidWorks Simulation, xoneca, oucku, npaexa,

cmeHd KODPOMUCIO.

Introduction. Modern education is one of the most important subsystems of the
social sphere of the state, which ensures the process of acquiring systematized
knowledge, abilities and skills by a person for their effective use in professional
activities.

Today's graduates must demonstrate not only good professional training, but
also fully meet the requirements of modern life. In connection with this, professional
education in the conditions of modern reality acquires special relevance and
significance. The basis of vocational training is the principle of continuity, which
implies a mandatory transition for a specialist from one educational degree to
another, provided that he confirms the corresponding level of qualification. A
mandatory condition of continuous professional education should be its methodically
thought-out construction, which increases efficiency and facilitates the specialist's
task.

Informatization of modern education is the introduction of information
technologies into the educational process in accordance with the requirements of the
world community, improving the quality of general education and professional
training of specialists based on the wide use of computing and information
technology.

CAD/CAE systems are used in engineering for automated design and

engineering analysis, one of which is SolidWorks [1; 2].
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It allows you to create a part model using sketch objects (polygon, circle, line,
axis); creation of the basis, planes, element by intersections; adding cutouts,
rounding; by changing elements; mirror reflection of half of the part; applying and
changing dimensions; drawing, copying and pasting profiles.

The SolidWorks application — SolidWorks Simulation CAE system allows
[3; 4]:

— select the parameters of the analysis of the stress state of the part by the finite
element method (FEM);

— assign the material of the part;

— apply restrictions for the calculation of the MSE detail;

— apply load to certain planes, faces or elements of the part;

— analyse the model and the process of creating the MSE grid,;

— create graphs of equivalent stresses, resulting displacement, equivalent
deformations, safety margin.

Analysis of the latest research. It is known that depressions and cracks on the
wheel rims of cars are formed as a result of:

— the car hitting the pits, which leads to the breakdown of the suspension;

—uneven tire wear;

— problems with steering traction;

— violation of the camber and toe-in of the wheels, which causes the tires to slip
relative to the road, reduces the force of their adhesion to the supporting surface,
increases tread wear, etc. [5].

The main reasons for the deterioration of the technical characteristics of tires are
shock loads while driving at high speeds on roads with a low-quality surface. In turn,
beating the wheel:

— causes its imbalance relative to the axis;

— reduces the force of adhesion of tires to the supporting surface;

—reduces the service life of tires, shock absorbers, and steering elements.

The basic part of the wheel is the disc, the geometric parameters and stiffness

of which significantly affect the safety of movement and the stability of the car
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during movement. Under the action of shock loads, local deformations of the disk
occur [5].

To ensure the further use of the disk, it is necessary to restore its geometric
indicators. And although restoring the geometry of the wheel rim does not require
significant material costs, it requires special equipment — adjustment (editing) stands.

Therefore, the authors [5] considered the use of SolidWorks on the example of
solid-state design and the subsequent verification of the static strength of one of the
parts of the stand for straightening deformed stamped discs of passenger car wheels —
the rocking lever.

The research stand is designed for straightening deformed stamped discs of
passenger car wheels along the rim and its base.

The stand is stationary, with a manual screw drive [5]. The method of editing
the rim profile is rolling with rollers:

— the faceplate disk is fixed on the rotating shatft;

— support and pressure rollers affect the damaged areas with a force sufficient
to restore the geometry of the disk, which leads to the complete elimination of its
deformation.

According to the researchers' calculations [5], it was established that the static
strength of the rocker arm is ensured, but the stand may turn out to be inoperable due
to insufficient strength of its other parts.

The aim of the article. The purpose of this work was to determine the static
strength of the next part of the test stand - the rocker arm ([5] - item 1 in fig. 1) using
the software product for creating SolidWorks graphics and the built-in module for
strength calculations - SolidWorks Simulation [6; 7].

Research Methodology. First, in SolidWorks [8; 9], according to the drawing
of the rocker arm (fig. 1, a), its model (fig. 1, b) was created.

The SolidWorks Simulation software module [10 - 12] was applied to the rocker

model: static analysis was chosen as the type of study of its stress-strain state.
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Fig. 1. Rocker arm drawing (a) and its 3D model (b)

Research results. When conducting a static analysis of the rocker model:
— determined the material of the part (steel 20KHN3A DEST 4543-71 — fig. 2);
— according to the calculation scheme, restrictions were added to the rocker
arm model (fig. 2, a) and loads were applied (fig. 2, b);
— divided the model into elements connected at nodes (the finite element
analysis program considered the model as a grid — fig. 3);

— constructed a stiffness matrix and synthesized a finite-element model of the
rocker arm from its individual elements (taking into account the conditions for
securing the rocker arm at the nodal points);

— solved the resulting system of algebraic equations and determined the

components of the stress-strain state of the rocker arm model (fig. 4-7).

108



Properties

Name: Alloy steel
Model type: Linear Elastic Isotropic
Default failure Max von Mises Stress

criterion:
Yield strength: 6,20422e+08 N/m"2 B
Tensile strength: 7,23826e+08 N/m"2

Elastic modulus: 2,1e+11 N/m”"2
Poisson's ratio: 0,28
Mass density: 7 700 kg/m"3
Shear modulus: 7,9e+10 N/m"2
Thermal expansion 1,3e-05 /Kelvin
coefficient:

Force Value (N):|32 860

a b c
Fig. 2. Properties of 20KHN3A steel (a), limitations of the rocker arm

model (b) and application of external loads to it (c)

Mesh Details

Study name

DetailsMesh type Solid Mesh
tMesher Used Standard mesh
Automatic Transition Off

Include Mesh Auto Loops off

Jacobian points for High quality mesh |4 paints
Element size 10,3069 mm
Tolerance 0.6155847 mm
tesh quality High

Total nodes 10955

Total elements Go66
Maximum Aspect Ratio 32752
P_ercen‘rage of e_IemenTs 999

with Aspect Ratio < 3 ’
Fercentage of elements 0

with Aspect Ratio = 10

Percentage of distarted elements 0

Mumber of distorted elements 0

Time to complete mesh{hh:mm:ss) 00:00:01

e e e T

a b
Fig. 3. Grid parameters (a) and its display (b) on the rocker arm model
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It was found that the maximum Von Mises nodal stresses (74.84 MPa, node
10682 — fig. 4), URES displacement (0.02721 mm, node 817 — fig. 5) and equivalent
strain ESTRN (0.0002418 mm, element 2436 — fig. 6) do not exceed permissible
values.

At the same time, the minimum safety factor of the rocker arm model is located

at node 10682 and is k = 8.29 (fig. 7), which is more than the permissible [k] = 3.
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Fig. 4. Von Mises stress distribution
diagram of the rocker arm

Fig. 5. Displacement distribution
diagram of the URES rocker arm
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Fig. 6. Strain distribution diagram of
the rocker arm ESTRN

Fig. 7. Rocker arm safety factor
distribution diagram

Conclusions. Thus, when using SolidWorks, the workability of the rocker arm
of the stand for correcting deformed stamped discs of passenger car wheels has been

proven, which allows the use of this CAD/CAE-system in modern education.
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