USING SOLIDWORKS TO ENSURE PASSABILITY OF AUTOMOTIVE EQUIPMENT
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Introductions. One of the main operational properties of the car is its passability. Her loss can be caused by many factors, including unsatisfactory technical condition of the vehicle. The key to ensuring the car's ability to overcome natural and artificial obstacles is the condition of the chassis and, above all, its wheels (tires and discs), which must ensure the translational movement of the car on different bearing surfaces in a given speed range.

The main reasons for the deterioration of the technical characteristics of car tires are repeated shock loads while driving at high speeds on roads with low quality coverage. Beating (imbalance) of a wheel causes its sharply expressed dynamic imbalance concerning an axis, reduces force of coupling of tires with a basic surface, increases vibration and noise at movement, reduces service life of the tire (local spot wear), shock-absorbers, steering elements, increases maintenance costs, impairs traffic safety.

Particularly harmful is the imbalance of the front wheels, which impairs the handling of the car (the impact of imbalance and beating of the wheels increases with increasing speed) and its ability to maneuver, avoid obstacles and overcome them successfully.

The basic part of the wheel is its disc, the rigidity and geometric parameters of which significantly affect traffic safety, stability of the car while driving and its passability. Local deformations of a disk, including axial shift of its separate sites, can arise during movement of the car under the influence of shock loadings. To ensure the possibility of further use of the disk, it is necessary to restore its geometric characteristics.

The technology and expediency of repair of a wheel disk depends on a material and a way of its manufacturing. Discs and rims are made of steel or alloy metals such as aluminum and magnesium. The method of manufacturing the disk is determined by the material of the workpiece. Steel disks are made by a stamping method, disks from light-alloy metals – by a casting and forging method. Depending on the technology and material of manufacture, the disk acquires special mechanical properties, the presence of which affects it for repair.

The most reliable, strong and serviceable are the steel disks made by a stamping method. They can be exposed to repeated static and variable loading that allows to apply to them rather rough and undemanding methods of repair: straightening and rolling.

Operation of the car with a faulty wheel disk causes additional costs for repair or replacement of parts of the steering mechanism and suspension elements (including shock absorbers); violation of the collapse and ascent of the wheels, which causes the tires to slip relative to the road, reduces the force of their adhesion to the bearing surface, significantly increases the wear of the tread and causes other negative phenomena. And although the restoration of the geometry of the wheel rim is not difficult and does not require significant material costs, this requires special equipment – editing stands.

Aim. The purpose of the work is to study the loss of stability of the power screw of the modernized stand for editing stamped discs of car wheels.

Materials and methods. Elimination of axial displacement is a time-consuming process when repairing a disk. In addition, the axial displacement can be misleading. Minor damage, which can be seen with the naked eye, can hide serious violations that will significantly complicate the repair of disks. Detection of such damage is possible only after checking the wheel on a special stand.

The investigated stand is intended for straightening of the deformed stamped disks of wheels of cars on a flange and its basis. For convenience of work and simplification of installation editing of rims of wheels of symmetrical type with the manual drive is used. The method of editing the profile of the rim – running in rollers: the disk faceplate is attached to the shaft, which begins to rotate; at the same time support and clamping rollers influence the damaged sites with the force sufficient for restoration of geometry of a disk. As a result, the deformation is completely eliminated with the help of the stand.

The authors [1] modeled one of the most loaded parts of the studied stand – the power screw. Calculations guarantee its static strength, but it can lose its bearing capacity as a result of imbalance between external and internal forces in any element of the structure or system as a whole. Therefore, it was concluded that the next study of the screw, which can prevent its destruction – the loss of its stability.

Results and discussion. CAE/CAD automated SolidWorks complex was used to study the loss of screw stability (3D system of solid-state and surface hybrid automated design, engineering analysis and preparation of products of any complexity and purpose [2, 3, 4]). The addition of this program (SolidWorks Simulation) uses the geometric model of the SolidWorks part to form a computational model [5, 6].

Power screw – a part that is loaded in the axial direction and bends under relatively small axial loads [7, 8]. It can fail due to loss of stability, despite the fact that the compressive stress is much lower than the critical levels. For such structures, the longitudinal load becomes a critical factor.

The loss of stability of the primary form of equilibrium for most structural elements is defined as a sudden deformation that occurs when the stored (axial) energy is converted into bending energy without changing the applied external loads. And this can lead to the catastrophe of the whole structure.

Mathematically, when there is a loss of stability, rigidity becomes degenerate. The linearized method of loss of stability, used in SolidWorks Simulation, solves the problem of eigenvalues to estimate the critical coefficients of loss of stability and the corresponding forms of their mode (the model can bend in different shapes under loads of any level). The form of acceptance of the model during the loss of stability is called "the form of the mode of loss of stability", and the load – "critical").

The study of loss of stability prevents the corresponding destruction. Therefore, during modelling in SolidWorks a geometric model of the screw was created, and in SolidWorks Simulation the material from which it is made was assigned (steel 20G GOST 535-88), fixing was performed and the load area was set (fig. 1).
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Fig. 1. Fixing and application of loads in the study of the loss of stability of the screw

The next steps are to determine the contact interactions and create a finite element model of the screw (fig. 2).

Studies have shown: the maximum amplitude of oscillations a = 0.00120 (node 513 – fig. 3); the margin of safety with a possible loss of stability is n = 580,383, the loss of stability of the power screw does not occur ([n] = 4).

Note that the coefficient of stability is always higher than the coefficient of strength. This is due to the fact that the coefficient of stability depends, among other things, on such factors as the initial curvature of the rod, the eccentricity of the load, the heterogeneity of the material, which slightly affects the strength, but can cause premature loss of stability.
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Fig. 2. Parameters of the finite element grid of the screw (a) and its reflection on the solid (b)
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Fig. 3. The resulting amplitude and margin of safety in case of loss of stability

Conclusions. Thus, the use of SolidWorks allowed us to investigate the stability of the power screw of the upgraded stand for straightening the stamped discs of car wheels, which is indirectly necessary to ensure the passability of motor-car technique (loss of stability means almost complete loss of load-bearing capacity of the structural element and this phenomenon must be taken into account in the design; first of all, it is necessary to avoid as much as possible such type of loadings at which loss of stability is possible).
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