CAD/CAE-SYSTEMS IN THE RESEARCH OF MOTOR VEHICLE DETAILS
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The emergence of CAD/CAE technology – the most important achievement in modern automotive industry. Their creation was a matter of time, as the costs of design and preparation of production could no longer meet the pace of scientific and technological progress and began to restrain at some point the promotion of new ideas in production. There are certain patterns of development of scientific and technological progress, which are characterized, in particular, by the following quantitative indicators of technology development in leading industries [1]:

– the number of classes of technical systems doubles on average every 10 years;

– the complexity of the products by the number of parts and components doubles every 10 years;

– the amount of scientific and technical information used in design developments doubles in 8 years.

In addition, in recent decades, the defining requirements in the automotive industry have become high quality and prompt renewal of the range of products, the implementation of which would be impossible without the introduction of CAD/CAE technologies.
One of the optimal types of CAD/CAE systems is SolidWorks [2, 3], which is based on a parametric object-oriented methodology and allows to obtain a 3D model from a 2D sketch. One of the CAE-applications of this system is SolidWorks Simulation [4, 5], which allows you to calculate the strength of parts and assemblies, critical forces and forms of loss of stability, assembly using contact elements; linear static, frequency, thermal, joint thermostatic analyzes; determination of own forms and frequencies; nonlinear calculations; design optimization, etc.

As an example [6], SolidWorks Simulation was used to study the collet of a helical puller of deep groove ball bearings of a crankshaft, the material of which is 45X steel. Therefore, from the SolidWorks library, its analogue was selected – DIN 1,7006 steel. When analyzing the simulation results, it was found that the minimum margin of safety of the collet is nmin = 18.32, which is much more than the allowable [n] = 5. Therefore, the aim of the study was to study substituting of this material by more cheap and more accessible in repair shops – steel 20 (AISI 1020 – fig. 1).
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a                                                           b
Fig. 1. Properties of steels 45X (a) and 20 (b)
Repeated calculations in SolidWorks Simulation divided the collet model into finite elements, built a stiffness matrix; the synthesis of a finite-element model is carried out taking into account the conditions of its fixing in nodal points; the obtained system of algebraic equations is solved; the components of the stress-strain state are determined (fig. 2, table 1).
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a                                                            b
Fig. 2. Contour graphs of total stresses von Mises collet made of steel: a – 45X; b – 20
Table 1

The results of the study of the collet

	Steel
	Tension

(maximum),

(, MPa
	Moving

(maximum),

h, mm
	Deformation

(maximum),

(, mm
	Margin of safety
(minimum),

n

	45Х
	35,47
	0,008069
	0.0001037
	18,32

	20
	35,43
	0,008471
	0,0001098
	9,924


[author's development]
Since the minimum margin of safety for collet made of steel 20 is n = 9,924, in the case of replacing steel 45X with steel 20 for its manufacture, the margin of safety is sufficient, as the allowable margin of safety [n] = 5.

Therefore, the obtained results confirm the relevance of the study using SolidWorks and its application SolidWorks Simulation: in terms of providing strength for the manufacture of collet replacement of its material is possible. That is, the use of CAD/CAE-system SolidWorks in the automotive industry allows you to effectively replace the material of the part without losing its strength characteristics.
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