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Abstract: A tribological system is a complex non-linear system composed of the elements that are 
connected structurally and functionally. Tribomechanical system structure is made of elements, 
characteristics of elements and interaction of these elements. Function of tribomechanical system is the 
transformation of inputs into the technical output. The aim of this paper is to present an overview of 
artificial neural networks, its development and possible applications of neural networks in the analysis of 
the results values of certain parameters in tribological related research. The possibility of artificial neural 
networks application to solve complex nonlinear problems and to identify bio-tribological characteristics of 
ceramic materials in terms of abrasion resistance and coefficient of friction is presented. 
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1. INTRODUCTION  
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Ivoclar Vivadent, Liechtenstein

2. THE TRIBOLOGICAL PROCEDURE 

Table 1. Tribological input parameters [9] 

Device characteristics 

Tested samples

IPS e.max CAD

The second body in contact
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The values of normal force

- F

Maximall sliding velocity 

- v  

The test duration

 

Environment contact zone 

Ivoclar 
Vivadent

3. ARTIFICIAL NEURAL NETWORK 
MODELLING OF WEAR RATES AND 
FRICTION COEFFICIENTS 
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Figure 1.
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Table 2.

Mod-el 
no. 

ANN 
archite-
cture 

Mean Squared Error (MSE) No. of epo-
chs Training Validation  Testing  
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Figure 2. 

 
a)  
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c)  

Figure 3. 

Table 3.

Weights Biases
wji wkj bj bk 

W μ

wnorm and 
μnorm W and μ

(2)

(3)

4. RESULTS 

Table 4.
IPS 

e.max CAD

Wear rate, W, mm3/m
Force Velocity Polished surface
Fn, N v, mm/s Real values ANN predicted values

0.25
4 1.893 1.97743 
8 3.512 3.89983 
12 3.983 3.97447 
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0.5
4 5.244 5.60719 
8 6.617 5.40687 
12 7.446 7.4358 

0.75
4 6.635 6.99912 
8 8.653 8.72522 
12 10.013 9.98442 

1
4 7.846 7.85105 
8 10.279 10.302 
12 12.648 12.6478 

Force Velocity Glazed surfaces
Fn, N v, mm/s Real values ANN predicted values

0.25
4 1.905 1.905 
8 3.240 3.23984 
12 3.744 3.74389 

0.5
4 2.449 2.44915 
8 5.363 5.36283 
12 7.203 6.82267 

0.75
4 3.647 3.64679 
8 7.592 7.59199 
12 9.553 9.55301 

1
4 5.122 5.12221 
8 8.655 8.65501 
12 10.348 10.348 

Force Velocity Brushed surface
Fn, N v, mm/s Real values ANN predicted values

0.25
4 0.028 0.028 
8 0.084 0.084001 
12 0.100 0.099999 

0.5
4 0.352 0.351996 
8 0.469 0.469004 
12 0.524 0.523996 

0.75
4 0.721 0.721001 
8 0.806 0.806005 
12 1.075 1.075001 

1
4 1.582 1.581998 
8 1.651 1.650994 
12 1.848 1.848 

Table 5.

IPS e.max CAD
Friction coefficient, μ

Force Velocity Polished surface
Fn, N v, mm/s Real values ANN predicted values

0.25
4 0.441 0.441
8 0.406 0.406

12 0.372 0.372

0.5
4 0.383 0.383
8 0.347 0.347

12 0.308 0.308

0.75
4 0.325 0.32501
8 0.284 0.284

12 0.255 0.255

1
4 0.249 0.249
8 0.238 0.238

12 0.213 0.213
Force Velocity Glazed surfaces
Fn, N v, mm/s Real values ANN predicted values
0.25 4 0.419 0.419

8 0.359 0.359
12 0.332 0.332

0.5
4 0.366 0.366
8 0.337 0.337

12 0.314 0.314

0.75
4 0.313 0.313
8 0.248 0.248

12 0.236 0.236

1
4 0.245 0.24499
8 0.187 0.187

12 0.134 0.134
Force Velocity Brushed surface
Fn, N v, mm/s Real values ANN predicted values

0.25
4 0.247 0.247
8 0.240 0.24

12 0.195 0.195

0.5
4 0.229 0.229
8 0.218 0.218

12 0.188 0.188

0.75
4 0.224 0.224
8 0.207 0.207

12 0.184 0.184

1
4 0.202 0.202
8 0.183 0.183

12 0.171 0.171

 
a)  

 
b)  
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c)  

Figure 4. 
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Figure 5. 
μ  

5. CONCLUSION 
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