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Abstract 

The paper deals with a methodology of designing the machine parts subjected to elastic-

plastic contact conditions. Elastic-plastic contact conditions are simulated by finite element 

(FE) simulation. As the result, the estimation of contact loading stresses in practice can be 

made using contact geometry, material datasheet or tensile test. 

Key words 

Contact, finite element, plastic deformation 

INTRODUCTION 

Contact loading appears in many engineering applications such as tools [1], screws [2], 

gears [3], crossing [4], shot peening and fretting [5] or a wheel/rail and twin-disc [6]. 

The machine parts are usually designed in such way that plastic deformation cannot 

theoretically occur. However, owing to loading conditions, plastic deformation often plays role 

in the lifecycle of the loaded part [6, 7]. Therefore, proper estimation of the contact loading 

stresses is crucial. The contact loading stresses can be obtained either experimentally [8, 9, 10, 

11] which is a relatively complicated process, or numerically [12, 13, 14], but the implication 

on the designing the machine part according to the author are absent. Therefore, after numerical 

analysis, a methodology of the designing the machine parts subjected to elastic-plastic contact 

conditions is suggested. 

FE AND MATERIAL MODEL 

FE symmetric model consists of a bottom fixed part (“Cylinder”) and an upper moving part 

(“Indenter”), see Figure 1. Performed is the static structural analysis with nominally flat contact 

surfaces in ANSYS 16. 

Force is applied through the remote point to the upper part of the indenter. The cylinder is 

fixed at the bottom part. The cyclic symmetry region is chosen to revolve the model around Y-

axis. Mesh size is refined up to 0.1 mm in the contact zone. Diameter of the cylinder and 
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indenter is 16 mm. Height of the cylinder is 20 mm. Total number of DOF is 17888. The penalty 

contact method is used in the FE model. 

The bottom part is made of a steel material 1.4545, and the upper part of an indenter 

material. Chemical composition of a 1.4545 material is listed in Table 1. The bilinear material 

model of 1.4545 is used in the paper. Indenter material is modelled according to elastic-linear 

material model, using Young´s modulus E=620 GPa and Poisson ratio ν=0.3. 

 

Figure 1 Model with coordinate system 

 

Table 1 Chemical composition of 1.4545 [15] 

C 

[%] 

Si 

[≤%] 

Mn 

[≤%] 

P 

[≤%] 

S 

[≤%] 

Cr 

[%] 

Mo 

[%] 

Ni 

[%] 

Cu 

[%] 

Nb 

[%] 

≤0.07 1.00 1.00 0.03 0.015 15.0-

15.5 

0.50 3.00-

5.50 

2.50-

4.50 

≥5xC 

 

The bilinear material model is built via the estimation of the strain 𝜀𝑝𝑙𝑅𝑚
 at the tensile 

strength 𝑅𝑚 [MPa].  According to [15], elongation is 𝐴5≥10%, and in [16] elongation is 16%. 

The estimated 𝜀𝑝𝑙𝑅𝑚
 is 13.5% and the resulting tangent modulus 𝑇 [MPa] is calculated as:  

 

𝑇 =
𝑅𝑚−𝑅𝑝0,2

𝜀𝑝𝑙𝑅𝑚
−

𝑅𝑝0,2     

𝐸

, (1) 

 

where Rp0,2 is yield strength [MPa]. 

 

The calculated stress-strain curve with added elastic strain 𝜀𝑒𝑙 is shown in Figure 2. 𝜀𝑒𝑙 is 

true elastic strain and is plotted by creating a line connecting 0 true strain and true strain at 

𝑅𝑝0,2. True strain is calculated as: 

 

𝜀 = 𝜀𝑒𝑙 + 𝜀𝑝𝑙  . (2) 
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Figure 2 True stress-strain curve of steel 1.4545 calculated by Equations (1-2) 

 

 

Table 2 Mechanical properties of 1.4545 [15, 16] and parameters 

of material model used in ANSYS 

𝑅𝑝0,2 

[MPa] 

𝑅𝑚 
[MPa] 

𝐴5 
[%] 

𝐸 
[GPa] 

ρ 

[kg/m3] 

ν 

[-] 
𝑇 

[MPa] 

800 1200 16 200 7800 0.3 3029.48 

 

RESULTS 

Contact pressure (Force=200 N) on the cylinder is shown in Figure 3. Figure 4 shows 

comparison of the computed contact pressure with Hertz (linear-elastic) contact pressure; the 

equations for calculating the Hertz contact pressure can be found for instance in [17]. 

 

 

Figure 3 Contact pressure using a force of 200 N 

 

Contact pressure is similar for the Hertz and elastic-plastic FE simulation up to the force 

of 100 N, see Figures 4 and 5.  The differences are more pronounced for force 150 N (and 

higher), where the maximum Equivalent plastic strain overcomes 0.01 [-], as illustrated in 

Figures 4 and 5. The maximum contact pressure decreases with increased Equivalent plastic 

strain; compare Figures 4 and 5. 
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For the given geometry and material, Hertz contact pressure can be used for estimation of 

a loading up to the force of 100 N. 

 

 

Figure 4 Comparison of the computed maximum contact pressure (FEA results) with Hertz                       

(linear-elastic) contact pressure 

 

 

Figure 5 Maximum of the equivalent plastic strain (material 1.4545) 

 

Figure 6 shows the remaining indentation depth after the unloading in the centre of the 

contact patch on the planar surface (see also Figure 3). The indentation depth is in order of a 

surface roughness, and no implications in terms of notch effect are assumed. 
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Figure 6 Remaining indentation depth on the planar surface after the unloading  

in the centre of the contact patch 

 

DISCUSSION ON RESULTS 

The presented FE model does not take into account cyclic loading (cyclic plasticity), 

residual stresses and surface roughness; generally speaking, technological inheritance. Such 

influences are supposed to be sufficiently covered in the coefficients in the design guides, as 

presented for instance in [18]. 

The methodology of designing the machine parts subjected to elastic-plastic conditions can 

be divided into the following points: 

1. Designing a bilinear (or other) material model. 

2. Performing the static elastic-plastic FE contact simulation with obtained true stress-

strain data for the given geometry. 

3. Comparing the contact stresses with the Hertz contact pressure (elastic FE simulation). 

4. Taking into account the type of loading (dynamic, stochastic etc.) and technological 

inheritance by choosing coefficients from the design guide.  

CONCLUSIONS 

The elastic-plastic FE contact simulation was performed to estimate a contact loading of a 

machine part. The plastic response of the material 1.4545 was studied using a bilinear material 

model. As the results, a methodology of designing the machine parts subjected to elastic-plastic 

contact conditions was proposed. The methodology combines a measured (or datasheet) 

material data, FE simulation and coefficients from design guides. 
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