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Introductions. Car suspension 1s one of the most complex and important
mechamisms of a car, which 15 responsible not only for comfort. but also for dnving
safety, controllability and stability of the car on the road. It provides the car with
better controllability, protection against blockages i tums, smoothes the passage of
pits and bumps. That 15 why 1t 1s very important to repair the suspension mn a tumely
manner, carefully monitor 1ts condition and. if necessary, replace worn components.

Most suspensions mclude parts such as springs and shock absorbers. It doesn't
matter where the spring 15 installed. 1t will always mamtain the maximally
compressed state. As a result, this part 15 responsible for ensunng the necessary
properties of the undercamiage, as well as damping body vibrations, absorbing and
accummlating mechanical energy.

A spring 15 a part that has a spiral shape and consists of several turns. It 1s
elastic enough to soften any jolts of the car body dunng movement. When driving
over pits or bumps, the wheel briefly loses contact with the road, and the spring.
compressing or straightening, returns it to work and absorbs the energy of the impact.
During the collision of the wheel and the surface of the road. the entire mass of the
body goes down. and it 15 the spring that should mutigate the consequences of this
contact. Due to this, the car body does not copy the profile of the road, but moves
smoothly around the unevenness.

Compression springs are designed to reduce length under load. The coils of
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such springs do not touch each other without load. The end turns are pressed against
the neighboring ones, and the ends of the springs are ground.

‘When repairing the front suspension, it 1s necessary to remove and install the
springs. To achieve this goal. a special tool 15 needed — a spning puller: since the
spring 1s always in a compressed state, 1t must be fixed in order to remove it. For this,
a compression device 15 used [1]: the purpose of this work was to check the strength
parameters of the most loaded part of this dewvice (the screw) using SolidWorks
3D-parametric modeling system application — SolidWorks Simulation [2-5].

The continuation of this study 1s the determunation of the performance of the
lower plate of the designed device [6]: calculations ensure its static strength. But fora
final conclusion regarding the efficiency of the device for compressing the springs of
the front suspension, it is necessary to camry out similar calculations for its other
parts.

Aim. The purpose of the work 15 to use SolidWorks Simulation to determine
the performance of the upper plate of the device for compressing the springs of the
front suspension of cars.

Materials and methods. For faster creation of new models of machine parts,
automated design systems are being developed. which allow creating 3D-models of
these parts [3].

It 15 known that that the automated design systems are divided into two types:
low-level programs allow creating both ordinary collections of parts and structural
units, as well as 3D-analogs. Beginners create 3D-models with the programs of the
present category. from whach, after a little traming. they get the details of this part.
These programs allow you to analyze model details by simulating the action of the
load, obtamning diagrams of stresses, displacements, deformations, and safety margin.
Advanced programs allow the same mamtenance as the previous programs, but,
unlike them, ensure the full life cycle of the models.

SordWorks 15 a system for automated design of a modem chicken. The large
list of instruments i this program also includes an application — SolidWorks

Simmulation - a design analysis system that 1s fully integrated with SolidWorks. The
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SolidWorks Simmlation program provides modeling solutions for linear and
non-linear statc and dynamic analyses; application for a good load; analyzes of
frequency, accuracy, fatigue, optinmzation; temperature typical analysis [4].

To solve the problem. a 3D-model of the upper plate was created in the
SolidWorks environment (fig. 1).

Fig. 1. Drawing (a) and 3D-model (b) of the upper plate with an applied load

Results and discussion. In the SolidWorks Simulation application, a static
analysis of this model was carmed out using the finite element method to obtain a
picture of the stress-stramn state [5, 6]. The material from which 1t 15 made was
origmmally mtended for this purpose (steel 45 GOST 535-88). Then boundary
conditions were imposed (fixing the model and specifying the area of load
application — fig. 1. b).

The next steps are the creation of a finite-element model of the upper plate: the
deformable body (structure) 15 divided mto finite elements (fig. 2). They can have
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different shapes and sizes. As a result of splitting, a mesh 1s created from the borders
of the elements, the intersections of which form nodes. Additional nodal points can
be created on the borders and inside the elements. An ensemble of all finite elements

and nodes 1s the basis of a finite element model of a deformable body. The discrete
model should cover the area of the object under study quite well.
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Fig. 2. Parameters of the finite element mesh of the upper plate (a) and its
reflection on a solid body (b)

At this stage, all preparatory operations are completed and you can proceed
directly to the calculation. SolidWorks Stmulation automatically builds the following
graphs that charactenze the stress-strain state of the upper plate after loading: Von
Mises stresses, URES displacements, ESTRN-equivalent deformations. and the safety
factor FOS (fig. 3).
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Fig. 3. Plots of the distribution of nodal stresses (a), displacements (b),
equivalent strains (c), safety factor (d) of the upper plate

The maximum stress experienced by the upper plate 1s 7.782x10" Pa. This
value does not exceed the yield pomt of its material — steel 45 (8.3x10° Pa).
Therefore, the loading of the upper plate occurs i the zone of elastic deformations,
that 1s. after removing the load that caused the deformation, the latter disappears.

Analysing the displacement distibution graphs. we can see that the maximum
displacement of the cross sections of the upper plate at the moment of maximum load
is 4.119x10” mm_ After the calculation is completed, a report file is automatically
generated i SolidWorks Simulation, which displays all stages of the strength
calculation.

Conclusions. Thus, the strength parameters of the upper plate ensure 1ts static
strength (mumimum safety factor n = 114, whach 1s greater than the pernussible
[n] =3). But for a final conclusion regarding the efficiency of the dewvice for
compressing the spnngs of the front suspension, 1t 15 necessary to carry out simular

calculations for 1ts other details
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