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ABSTRACT – Manufacture process of an insole shoe 

is quiet challenging. The most problem that frequently 

encountered is the contact between the cutter milling 

and the insole material. This paper studied such contact 

by finite element analysis. The results were presented in 

the form of von Misses stress distribution as a function 

of the studied contact parameters.  

 

1. INTRODUCTION 

Scientists have shown that biomechanical factors 

have an important role in etiology, treatment, and foot 

abnormality prevention. Therefore, it is important to 

understand biomechanics related to normal foot before 

foot orthotics or apply surgery intervention. Internal 

stress, leg and ankle stress information is important in 

improving knowledge about biomechanical behaviors 

from ankle areas. Direct biomechanical parameter 

measurement is hard to get the right size of feet. 

Otherwise, with CAD Orthotic technology, 3D Scan 

Human Foot, and Finite Element Model will produce a 

comprehensive computation model.  

Problems that often arise in shoe industries which 

particularly produce insole shoe with the customer’s 

foot size is how to get insole shoe in EVA rubber 

material included in viscoelastic material category that 

will be easy to form in CNC machine. To solve the 

problem, Finite Element is needed until we have EVA 

rubber materials. In general the steps of insole shoe 

process are shown in Figure 1. 

  

 
Figure 1 Insole shoe process steps. 

 

The objectives of this study are to identify and 

examine mechanical characteristics in EVA rubber 

material insole shoe. This paper will analyze variations 

in the number of layers of rubber material are machined 

and variations in cutter milling indenter diameter to get 

maximum stress curve with load variation from 0 to 400 

N. 

 

2. METHOD 

Finite Element Analysis which will be developed 

in this paper employing Abaqus 6.13 software to set 

SEF model in viscoelastic rubber material [1]. Based on 

the SEF work of Cheung and Zhang [2], Nora_SLW 

material and the Constant of C01 and and C20 of SEF 

Mooney-Rivlin will be used as a reference. The SEF 

Mooney-Rivlin for EVA rubber material is assumed as 

an incompressible material and determined uniaxial test 

until 15 MPa stress and 400% strain. 

The Finite Element Analysis (FEA) model of 

Cheung and Zhang and [2] Tian and Saka [3] were 

adopted for modeling the contact system. Figure 2 

shows the FEA model for the contact system between 

the ballnose and the viscoelastic material. 

 

 
Figure 2 Contact model between a HSS ballnose 

indenter on a viscoelastic material. 

 

In Figure 2 the rigid material of ballnose cutter 

milling will press the EVA rubber material in insole 

shoe manufacturing process. Thickness of the 

viscoelastic EVA material was varied. The boundary 

conditions of the contact system can be seen in detail in 

this figure. The deformable viscoelastic material was 

made by CNC milling which has dimension of 150 mm 

length, 30 mm width, and 20 to 40 mm thickness. The 

diameter of ballnose of 4 mm and 6 mm were employed 

for the rigid indenter.  
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The results will be presented in form of von 

Misses stress as a function of the variation of several 

parameters such as ballnose diameter and viscoelastic 

material thickness.   

 

3. RESULTS AND DISCUSSION 

Figure 3 shows an example result of the 

distribution of von Misses stress on the single layer EVA 

viscoelastic material with 20 mm thickness. In this 

figure, the von Misses stress distribution for EVA rubber 

material indented by the HSS ballnose indenter of 4 mm 

diameter (Fig. 3(a) and of 6 mm diameter (Fig. 3(b)) are 

presented. The maximum von Misses stress of 1.70 MPa 

was observed at 400% strain for the 6 mm diameter the 

ballnose indenter. 
 

     
(a)                                  (b)       

Figure 3 The von Misses stress distribution of EVA 

rubber material indented by the HSS ballnose indenter 

with the diameter of: (a) 4 mm and (b) 6 mm. 

 

Results of the relation of the stress and strain for 

several viscoelastic materials are presented in Figure 4. 

It shows that at the beginning of the stress-strain curve 

(from stress of 0 to 2.3 MPa) the EVA material and the 

Nora_SLW SEF is almost exactly the same. After that, 

the curves starts to deviate. The stress value increases as 

an increse of the strain value and the maximum stress is 

attained at the maximum strain for both the viscoelastic 

materials. The EVA rubber material has the maximum 

stress value of 7,67 MPa (about 10% less than 

Nora_SLW material). However, the difference between 

the EVA rubber material and the Nora_SLW material is 

almost contact and shows a similar trend.  

 

 
Figure 4 Result of the stress-strain curves for some 

observed viscoelastic materials. 

 

4. CONCLUSION 

Study the contact between a hard ballnose indenter 

and a deformable viscoelastic materials has been 

performed. Results showed that behaviour of SEF in 

EVA rubber material has similarity with the developed 

FEM model. The von Misses stress distribution is very 

usefull as the indicator for the studied contact 

parameters.   
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