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__________________________________________________________________________________________ 

 

Abstract: Bearings are an important part of mechanical equipment. They can withstand a variety of 

integrated loads during their work, their strength, stiffness, dynamic characteristics and 

manufacturing and assembly accuracy. It determines the running accuracy and service life of the 

rotating parts of the equipment, which is very important for mechanical equipment. In this paper, the 

bearing box in engineering machinery is taken as the research object. The computer-aided analysis 

software ANSYS is used to analyze the strength characteristics of the drive shaft bearing seat. The 

stress distribution of the bearing seat is obtained, which provides a meaningful reference for 

improving the design. This paper uses SolidWorks to build a three-dimensional model of the bearing 

housing, and uses ANSYS's powerful finite element analysis and optimization functions to achieve 

bearing housing analysis. ANSYS is an extremely powerful finite element analysis software. Through 

the data interface, ANSYS can easily import solid models from SolidWorks software. Therefore, 

combining the powerful modeling capabilities of SolidWorks with the superior finite element analysis 

capabilities of ANSYS can greatly satisfy the designer's need for modeling and analysis during the 

design process.  
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1. INTRODUCTION 

1.1 Finite Element Method and Its Basic Ideas 

The finite element method divides an originally continuous object into finite elements, and they are 

connected to each other at a finite node, withstand the equivalent node load, and are analyzed 

according to the equilibrium conditions.According to the deformation coordination conditions, these 

units are recombined into a combination and solved comprehensively.Since the number of cells is 

limited and the number of nodes is also limited, this method is called the finite element method.The 

finite element method solves the problem is an approximation of the physical model, while the 

mathematical does not do the approximation. Its concept is clear, versatile and flexible, and flexible 

to handle complex problems. 

The finite element method is very different from the traditional mechanics method. It is this 

difference that makes it easy to handle many difficult problems: 

(1) Since the shape and size of the unit body can be optionally selected, it is possible to "assemble" 

mechanical parts having complicated shapes. In the stress analysis, there is no need to simplify the 
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geometry of the part too much, thereby improving the accuracy of the problem and expanding the 

solvable range; 

(2) For the stress concentration zone, the cell size can be reduced to be examined in detail; 

(3) For various complex types of external loads, appropriate methods can be used to assign them to 

the nodes for calculation; 

(4) It is easy to solve the problem of initial stress and thermal stress; 

(5) It is easy to handle the unevenness of the material, and can also be solved for anisotropic 

materials; 

(6) Can solve the nonlinearity of the material and the nonlinear problem of the structure; 

(7) The large-scale general finite element program can be used to calculate the stress, displacement, 

vibration and stability of large complex structures at one time. 

1.2 Finite Element Method Analysis Process 

Applying the finite element method to solve the elastoplastic problem analysis process can be divided 

into the following steps: 

(1) Structure discretization 

Discretization of a structure is to divide a structure into a finite number of small unit bodies, and units 

and units, and units and boundaries are connected by nodes. Discretization of structure is related to 

computational precision and computational efficiency. Structure discretization processing mainly 

includes three aspects: unit type selection, unit division, and node coding. 

(2) Analysis of unit characteristics 

The mechanical relationship between the unit node force and the node displacement is obtained by 

analysis, and the calculation unit stiffness matrix is established. The stiffness matrix of a solid 

element needs to first assume the displacement interpolation mode inside the element, which is 

derived from the variational principle (minimum potential energy principle). 

(3) Structural analysis 

One of the basic principles of the finite element method is to satisfy the displacement coordination 

conditions of adjacent units on the common node.Thus, the stiffness coefficients of adjacent units in 

the corresponding degree of freedom of displacement of the common node are superimposed together 

to jointly resist the displacement of the common node. The specific processing form is: block 

superposition between element stiffness matrix elements in a total stiffness matrix of a mechanism. 

Correspondingly, all node loads also form the node load column vector of the structure according to 

the node number order in the structure, establishing the relationship between all node loads and node 

displacements of the whole mechanism.That is, the overall stiffness equation of the structure, and its 

coefficient matrix is the stiffness matrix of the overall structure. 

(4) Introducing boundary conditions 

The boundary condition is introduced in the overall stiffness equation. By the application of the 

boundary constraint condition, the possibility of the overall rigid displacement of the system is 

eliminated, so that the structural displacement can be uniquely determined under a certain load. 

(5) Solving linear equations 

The solution of the system of equations is obtained by solving various linear algebraic equations, that 

is, the displacement of each node of the structure is obtained. There are two main solutions to the 
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equations: direct solution and iterative solution. In practical applications, the direct solution is 

currently the most effective solution. The most effective direct solution method currently used is 

basically the application of the Gaussian elimination method. The displacement of any point inside 

the unit is obtained by node displacement interpolation, and the strain and stress equivalents can be 

derived by displacement. 

(6) Evaluation of post-processing and calculation results 

After the displacement of the node is obtained, the strain and the stress are further obtained, and the 

result is visualized and processed, and practical operations such as various physical quantity graphics 

and animation display are performed. 

2. THE BEARING SEAT FINITE ELEMENT ANALYSIS 

2.1 Finite Element Analysis of ANSYS Based on SolidWorks 

2.1.1 Analysis and development plan 

Material properties: elastic modulus E = 3106 Pa, Poisson's ratio v = 0.37. 

Boundary conditions: the bottom of the bearing housing is constrained (UY = 0), and the four 

mounting holes of the base are symmetrically displaced. 

Unit: solid187. 

Load: In the radial direction of the counter bore in Figure 1, the external cylindrical pressure is Pa and 

the lower part of the bearing bore is subjected to the downward pressure Ps. 

2.1.2 Creating a finite element model 

(1) Create or input a geometric model. This article uses SolidWorks modeling and imports 3D 

graphics into ANSYS for analysis. 

 
Fig 1. SolidWorks 3D modeling graphics 

(2) Select the unit type. The appropriate unit type must be selected for any finite element analysis. 

The unit type determines the additional degree of freedom. For the bearing housing, it mainly bears 

the horizontal thrust and vertical pressure transmitted by the main shaft. In the design process, the 

stress and strain changes are more concerned. 

Therefore, the physical unit SOLID95 is used for structural dispersion. SOLID95 is a 

three-dimensional 20-node tetrahedral structural solid element that allows for the use of irregular 

shapes while maintaining accuracy, suitable for simulating curve boundaries; 

Each node has 3 degrees of freedom: displacements in the X, Y, and Z directions of the node, which 

have any direction of space. The SOLID95 unit also has plasticity, creep, stress stiffening, large 

deformation and large strain capability. 
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(3) Define material properties. The modulus of elasticity is E = 3106 Pa, and the Poisson's ratio is v = 

0.37. 

(4) Dividing the grid (generating nodes and units), the process of meshing is the process of 

discretization of structures.The more and more densely divided units, the more they reflect the actual 

structural conditions,and the higher the calculation accuracy, the larger the calculation workload and 

the longer the calculation time. 

 
Fig 2. Meshing 

2.1.3 Applying loads and solving 

(1) Apply a load. A thrust load is applied to the circumference of the bearing bore, and a radial 

pressure load is applied to the lower half of the bearing bore. 

(2) Set the constraint conditions.Four mounting holes are constrained, the Y-direction displacement 

of the bottom of the base is constrained, and a Y-direction surface constraint (UY=0) on the base 

surface according to the actual mounting manner of the bearing housing is applied, surface constraints 

in the X and Z directions (UX = UZ = 0) are applied to the four bolt hole positions to constrain the 

horizontal and vertical displacement of the bearing housing. 

(3) Solving. 

 
Fig 3. Solving 

2.1.4 View results 

(1) View post-processing analysis results. 

(2) Check the results. 

2.2 Analysis results 

2.2.1 Bearing box displacement distribution contour map 
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Fig 4. X-direction displacement distribution 

 

 
Fig 5. Y-direction displacement distribution 

 

 
Fig 6. Z-direction displacement distribution 
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Fig 7. Overall displacement distribution 

2.2.2Displacement of each node of bearing box 

 
Fig 8. Displacement of each node 

2.2.3 Bearing box stress distribution contour map 

It consists of rotating joints and front and lower arms. Articulated robots use relative angular 

displacements of adjacent parts of the arm as motion coordinates. With flexible operation, it occupies 

a small space and has a wide range of work. It can bypass various obstacles in a narrow space. As 

shown in Fig 3. 

 
Fig 9. X-direction stress distribution 
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Fig 10. Y-direction stress distribution 

 
Fig 11. Z-direction stress distribution 

 
Fig 12. Overall stress distribution 
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2.2.4 Maximum stress of the node of bearing box 

 
Fig 13. Maximum stress of the node 

3. RESULT ANALYSIS OF THE BEARING BOX 

Finite Element Aanalysis Result 

(1) The maximum equivalent stress occurs at the end of the rib and the bearing seat and the inner edge 

of the bearing hole, which is the highlighted area in Fig 12. The value is about 188Mpa, which is less 

than the yield limit of 240Mpa for Q235 steel. Therefore, the strength of the bearing housing meets 

the requirements. 

(2) The maximum equivalent stress of the bearing housing is much smaller than the allowable stress 

of the material, and the material properties are not fully exerted. Therefore, it is necessary to optimize 

the shape of the bearing housing to further improve the material utilization rate. 

(3) There is stress concentration in the rib plate and the bearing seat, the inner edge of the bearing 

bush hole, and the place where the bearing seat is in contact with the base, which is very 

disadvantageous for the use of the bearing housing. Therefore, the degree of stress concentration 

should be reduced by chamfering each contact line or face. 

Conclusion 

Using ANSYS software to select a reasonable unit type and proper meshing method, the strength and 

deformation analysis of the bearing housing of a certain type of handling equipment was carried out, 

and the most vulnerable position of the structure was found, and the problem of insufficient material 

properties was found. It provides a sufficient theoretical basis for subsequent optimization design. 

(1) In the process of pre-processing the bearing housing with ANSYS, the density of the model must 

be specified, otherwise the desired result cannot be obtained. 

(2) The solution of the model is carried out under the premise of undammed and free vibration. 
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