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Abstract: reconnaissance of sattelites of the differential of the front axle of the car LuAZ-1301 was carried out. SolidWorks/SolidWorks Simulation was used as a CAD/CAE system. Determined the maximum stresses, displacements, deformations, the minimum coefficient of margin of safety.
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The main information systems for supporting the process of designing technical systems are integrated modern computer-aided design (CAD) systems. Typical examples of complex CAD systems are CAD/CAE systems [1, 2]. CAD systems are used to carry out the design phase of geometric design procedures. Their functions in geometric design are divided into two-dimensional (2D) and three-dimensional (3D) design functions.

2D functions include drafting, design documentation; to 3D functions – obtaining three-dimensional models, metric calculations, realistic visualization, mutual transformation of 2D and 3D models. The functions of CAE systems are quite diverse, as they are associated with design procedures for analysis, modeling, and optimization of design solutions.

The composition of CAE-systems, traditionally called mechanical engineering, primarily include programs for modeling fields of physical quantities, including strength analysis. It is most often performed according to the finite element method (FEM).

The essence of ITU is to approximate a continuous medium with an infinitely large number of degrees of freedom by a set of subregions (or elements) having a finite number of degrees of freedom [3]. The relationship is established between these elements. Recognition of the method is explained by the simplicity of its physical interpretation and mathematical form.
With regard to the differential, this is a mechanism in a car that distributes the torque of the transmission propeller shaft between the drive wheels of the front or rear axle (depending on the type of drive), allowing each of them to rotate without slipping. This is the main purpose of the differential.
In rectilinear motion, when the wheels are equally loaded and have the same angular speed of rotation, the mechanism works as a transmission link. If the driving conditions change (turning, slipping), the load becomes uneven. It becomes necessary for the axle shafts to rotate at different speeds, and, as a result, it becomes necessary to distribute the obtained torque between them in a certain ratio. Then the unit performs a second important function: ensuring safe maneuvering of the car (slipping  of the wheels is eliminated and each of them rotates at the speed that is necessary for safe movement).
A bevel differential is a planetary gearbox that includes side gears with sattelites placed in a housing (another name is a differential cup) and receives torque from the main gear. He transfers it through sattelites to side gears.

The sattelites (play the role of a planetary gear) provide a connection between the housing and the side gears. When driving in a straight line, the wheels meet equal road resistance. The torque from the main gear is transmitted to the differential housing, with which the sattelites move. They, running around the half-axle gears, transmit torque to the drive wheels in an equal ratio. Since the sattelites on the axles do not rotate, the side gears move with equal angular velocity. In this case, the rotational speed of each of the gears is equal to the rotational speed of the driven gear of the main drive.
When cornering, the inner drive wheel (closer to the center of the  turn) encounters more resistance than the outer drive wheel. The inner side gear slows down and causes the sattelites to rotate around their axis, which in turn increases the speed of the outer side gear. The movement of the driving wheels at different angular speeds allows cornering without slipping.
Regarding the research topic: as an example of the use of CAD/CAE-systems, the exploration of the sattelites of the differential of the front axle of the car LuAZ-1301 – a compact SUV (wheel formula – 4x4) with a engine MeMZ-2457 with a capacity of 58 hp (maximum torque 90 N*m, gear ratios: main gear 3,875, first gear of gearbox 3,454).
The load on the tooth of the sattelite and half-axle gears (9410.8 N) was determined from the condition that the circuitous force is equally distributed between all the sattelites, and each sattelite transmits the force by two teeth (9411 N was taken for calculations).
In the first stage of computer modeling, SolidWorks creates a 3D model of the sattelite. On the second – the software module SolidWorks Simulation is applied to the model: the type of stress-strain study is chosen – static analysis [4, 5]. At its carrying out appoint material of a detail (steel 20ХН3А), choose places of fastening (in this research – the fixed hinge) and application of external loadings.
The model is then divided into small particles of simple shape (elements) connected at common points (nodes): the finite element analysis program considers the model as a network of discrete interconnected elements (grid) – fig. 1.
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Fig. 1. Parameters of the grid (a) and its reflection on the solid (b)

SolidWorks Simulation software develops algebraic equations based on the connections between elements. They associate the reaction with the property of the material, the limitation and the load. After arranging the equations into a large common system are the unknowns.

The results of static analysis are displayed in the form of a color gradient, which shows the color change distribution of the calculated parameters. It is established that for the sattelite the nodal maximum stresses Von Mises, URES displacement and equivalent deformation ESTRN are 176 MPa (node 10447), 0.02019 mm (node 267), and 0.000592 mm (element 1743), ie do not exceed the allowable values (fig. 2). The minimum strength factor FOS is n = 4,176, ie above the allowable, which is [n] = 3.

Thus, according to the results of the stress-strain state of the model after the application of static load, we can talk about the adequacy of the constructed model and the prospects of computer modeling. With the help of the virtual model it became possible to analyze not only the stresses, displacements and equivalent deformations of the sattelite, but also its margin of safety. An additional advantage of modeling in SolidWorks Simulation is the ease of graphical presentation of research results.
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Fig. 2 - Diagram of the distribution of nodal stresses of the sattelite (a), displacements (b), deformations (c)
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