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PE3VYJIBTATH JOCIIIUKEHDb HAIIPYKEHOI'O CTAHY BAJIA KPUBOLIUIIA
RV PEAYKTOPA

Jlyyvruil HayioHanbHUL MeXHIYHU YHIgepcumem

B pooomi npoeedeno docnioricenna cmamuinozo HARPYHCEHHA CMAHY 641y KPUGOWIUNY MA PO3MIP ZPAHUYUHOZO0
3HAYEHHA HANPYHCEHHA NIUHHOCHI, U{0 He0OXIOHO 014 600CKOHANEHHA KOHCMPYKYII ma mamepiany 6any Kpugouiuny.
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RESULTS OF RESEARCH ON THE STRESS STATE OF THE CRANKSHAFT OF THE
RV GEARBOX

The paper presents research on the static stress state of a crankshaft and the limit value of yield stress, which is
necessary for improving the design and material of a crankshaft.
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Introduction. The design of the RV reducer includes a whole process from determining geometric
parameters, design to developing technological tolerances for dimensions. Due to the interaction of both
stages of the gear speed switching mechanism, when choosing their geometric parameters, it is necessary
to take into account the mutual limitation between them, and the impact on the transmission characteristics
of the reducer and the accuracy of processing and manufacturing of the reducer. However, the RV reducer
contains many key parts and assemblies whose design affects the characteristics of the reducer. The RV
reducer has a two-stage transmission: the first stage is a conventional spur gear 2K-H, the second stage is a
cycloidal KHV. The crankshaft is a key part, as it connects the two stages, and also supports and transmits
motion to the two cycloidal wheels. Since a key connection is used between the crank shaft and the planetary
wheel, the force perceived by the planetary wheel is transmitted to the crank shaft. All this requires targeted
research to develop parameters and design the RV reducer. To ensure the accuracy of the calculation, the
work uses the equivalent mode analysis method simultaneously with a simplified analysis of the perceived
effort.

During continuous testing of the RV gearbox under a given load, the crankshaft experienced varying
degrees of fracture. Therefore, in order to analyze the stress state of the crankshaft under a given load, and
to provide a theoretical basis for improving the design of the structure and material of the crankshaft, the
static stress state of the crankshaft and the size of the yield stress limit value were first analyzed. Through
theoretical calculation and finite element analysis of ANSYS, the stress state of each section of the
crankshaft, the bending stress limits and deformation were separately calculated, so that the analysis result
was close to the actual state of the object.

Research methods. Finite Element Analysis (FEA) is based on the modeling of physical objects
using mathematical algorithms [1, 2]. In this work, the modeling and analysis are performed using ANSY'S
software [3].

ANSYS has three main modules: 1 - Preprocessing module: Creates a mock-up model and performs
finite element decomposition; 2 - Computational module: Analyzes structures, fields (fluid, magnetic) and
performs coupled analysis between different physical fields (e.g. thermal coupling); 3 - Final processing
module: Processes the results, including displaying cloud maps of stresses, displacements, and plotting
diagrams.

Static analysis typically does not consider the effects of inertia and damping in finite element
models. ANSYS is capable of performing linear analysis as well as complex nonlinear analysis, including
thermal expansion, plastic deformation, and creep deformation of parts. These capabilities make ANSYS a
leader in finite element analysis [3].

When creating finite elements [4], the main parameters for structural analysis are external force,
stress, deformation and displacement. For this, a geometric formula is created and conditions for the
associated contour are determined. The main equations and physical quantities of elastic mechanics are
expressed in the corresponding formulas.
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Presentation of the main material. Using ANSYS Workbench's proprietary CAD connectivity
interface, a three-dimensional model created in SolidWorks was loaded into Workbench.

The specific input process is as follows:

Launch the ANSYS Workbench software, open the "Toolbox" in AWB, find the "Analysis
Systems" taskbar, right-click "Static Structural”, and you can create a list of static structural analysis items
on the software interface.

Double-click "Geometry™ in the list of items to enter the ANSYS Workbench software, where you
will find the "Design Modeler" - a geometric modeling module. Click the computer file on the menu bar,
and then click "Import Geometry" in the open drop-down menu. After entering the external model, a file
selection dialog box will appear, where you can select the object model created in SolidWorks and confirm
it, thus completing the file selection. Clicking "Generate" will allow you to enter the model into ANSYS
Workbench. Fig. 1a shows the geometric model created in Workbench after the specific input.

Setting material properties. First, set the material definitions of various elements. The AWB module
has its own material database, which allows the user to directly call up material data and improves work
efficiency. If necessary, the user can manually add data to the material database to enrich and expand it.

ANSYS Workbench contains one of the largest databases of materials and includes parameters such
as material density, elastic modulus, Poisson's ratio, etc. By clicking on the name of the parameter, a window
will appear for editing the material properties, then you need to enter specific values in the corresponding
physical property field, and finally click the "Return to Project” button to return to to the main page of
ANSYS Workbench, at which point the installation of material properties will be completed.

The quality of cell division is important in the analysis process and decides the accuracy of the final
analysis results. Usually, cell division is performed in an adaptive automatic way. It is divided into three
classes: coarse, medium and fine. The size of the cells is also one of the conditions that determines the
accuracy of the analysis results.

The smaller the cells, the more they are, the better the accuracy, but the amount of calculation also
increases. However, the results of the model analysis will be closer to the actual state, or vice versa.

Determine the cell type. Open the static structure list on the main interface of ANSYS Workbench
- find and double-click "Model", enter "Mechanical®, that is, the window for cellular decomposition and
analysis of the structure, then find "Outline", expand the tree menu of the model "Model "under Project,
and find the item " Mesh". Set the cell size of the tetrahedral object (Element size) to 5 mm, leave the other
items by default. Right-click "Mesh", in the menu, then click the Generate mesh command. At this time,
Workbench begins to develop a mesh for the geometric object. The geometric model after cellular
decomposition is shown in Fig. 1 b. The total number of cells is 67,353, the total number of nodes is 32,136.
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Fig 1. Crankshaft model: a) simplified model, b) model obtained after cellular decomposition

Next, we conduct a stress state study. In order to better reflect the stress state of the crankshaft, it is
necessary to securely fix both ends of the crankshaft to ensure the convergence of the simulation results,
otherwise it is impossible to obtain the calculation results. Therefore, the stress or deformation response at
both ends of the crankshaft should be ignored in the simulation results (Fis 2).
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Fig. 2. Simulation results: a) displacement diagram ( w ), b), ¢) cloud stress diagram

Results. When the rotation angle (RV) of the crankshaft is equal 6 = 15° to the nominal torque, the
stress and strain values on it are as follows. According to the simulation results, it is established that the
maximum load value is concentrated in the crank (corresponding to the area shown in Fig. 4-5). The
maximum stress is 66 MPa. The crankshaft is made of GCr15 bearing steel, which after heat treatment
(quenching and tempering) acquires high and uniform hardness, good wear resistance and high resistance
to contact fatigue. The yield strength of this material is 608 MPa. Since the calculated maximum stress
(66 MPa) is much lower than the yield strength (608 MPa), the material fully meets the operating
requirements. According to the stress diagram, the maximum strain is 1,8 x10-° mm. This maximum strain
is localized in the same zone of maximum stress - in the middle of the crankshaft.
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