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Abstract  The use of Polytetrafluoroethylene (PTFE) tubes has broadened across various applications including 
automotive, chemical, electrical and medical. PTFE tubes are mainly manufactured by extrusion process. Shore hardness of 
PTFE tube is a mechanical property to be mainly considered. Shore hardness of the tubes depends on temperature of the 
extrusion and sintering temperature. In this paper, prediction of shore hardness of PTFE tubes is carried out using Artificial 
Neural Network (ANN). Use of ANN in prediction provided the results which are close to the actual results. The results 
conclude that the ANN is superlative tool which suits to envisage the shore hardness of PTFE tubes. 
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1. Introduction 
Polytetrafluoroethylene (PTFE) a fluorocarbon-based 

polymer is a resin supplied in powdered form, which is 
mixed, preformed, and extruded into a paste, and then 
finally tubing [1]. PTFE tubing can be used in a large 
variety of applications due to its high chemical resistance, 
high and low temperature capability, resistance to 
weathering, electrical and thermal insulation, and lowest 
coefficient of friction of any solid material. The tubing is 
translucent white in colour [2]. The use of PTFE tubing has 
spread across various applications including automotive, 
chemical, electrical and medical. In automotive applications, 
the ability of PTFE to withstand temperatures in excess of 
250°C makes it an ideal candidate for high temperature 
fluid transfer. In medical applications, PTFE tubing is in 
huge demand due to its lubricant and chemical inertness 
[3-7]. Catheters employing PTFE tubing can be inserted 
into the human body without fear of reaction or abrasion 
with any body parts. In chemical applications including 
laboratories PTFE is an ideal replacement for glass due to 
its inertness and durability [8]. In electrical applications, the 
excellent dielectric properties of virgin PTFE make it well 
suited for insulating high voltage cables [9-12]. Figure 1 
shows the image of the extruded Polytetrafluroethylene 
tube. 
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Figure 1.  Image of Extruded PTFE tube 

2. Factors Affecting Shore Hardness 
The factor which mainly affects the shore hardness of 

PTFE tube produced by extrusion mainly includes the 
extrusion temperature and sintering temperature [1]. The 
shore hardness data obtained based on extrusion and the 
sintering temperature are as shown in the table 1. The 
extrusion temperature and sintering temperature is recorded 
and the corresponding hardness obtained for the tube is 
measured in D scale of Durometer. Twenty one observations 
were taken for the study. 

3. Employing ANN for Prediction of the 
Shore Hardness 

The data obtained from observations is used for training 
and developing the ANN model using Matlab. The 75% of 
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data is used for training the ANN model and remaining 25% 
is used for validation of the developed ANN model. The 
modus operandi includes the following steps:  

1)  Choosing the training and testing data: The 75% of 
observation is used for training the ANN. The table 2 
shows the training data and remaining 25% is used for 
testing. The 75% of training data i.e. 15 
observerations were used for training the neural 
network and 6 observations were used for the testing 
the neural network developed using Matlab software. 

2)  Normalization of training data: Normalization is done 
by dividing the maximum value. Table 3 shows the 
normalization of the data. 

Table 1.  Shore hardness Data obtained based on extrusion and sintering 
temperature 

Sl.No. Extrusion 
Temperature in °C 

Sintering 
Temperature in °C 

Shore 
hardness   
(D scale) 

1 42 383 63 

2 48 390 59 

3 45 386 61 

4 54 405 57 

5 49 401 59 

6 56 385 51 

7 55 387 58 

8 51 396 54 

9 47 392 52 

10 41 399 55 

11 60 410 56 

12 59 416 50 

13 50 425 62 

14 43 430 64 

15 52 397 54 

16 40 391 63 

17 58 421 56 

18 44 414 60 

19 57 409 51 

20 53 380 57 

21 46 389 62 

3)  Development of ANN model: The artificial neural 
network used in modelling of shore hardness contains 
three layers, (two input neurons, two layers of seven 
hidden neurons and one output neuron). Figure 2 
shows network architecture for shore hardness. This is 
developed in the Matlab the feed forward network 
back-propagation ANN model is developed and 
trained using normalized investigational data. 
Normalization is a vital step in model development to 
give almost equal weight age to all the variables. To 
normalize the different input variable following 
maximum limits are taken respectively in same. The 
development step includes the Selection of suitable 
ANN structure, Training and development of model, 
Test run of model, Simulation and results. 

Table 2.  Training data for ANN model 

Sl.No. 
Extrusion 

Temperature in 
oC 

Sintering 
Temperature in 

oC 

Shore hardness 
(D scale) 

1 42 383 63 

2 48 390 59 

3 45 386 61 

4 54 405 57 

5 49 401 59 

6 56 385 51 

7 55 387 58 

8 51 396 54 

9 47 392 52 

10 41 399 55 

11 60 410 56 

12 59 416 50 

13 50 425 62 

14 43 430 64 

15 52 397 54 

    
 

 

 

Figure 2.  Network Architecture for Shore Hardness 
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Table 3.  Normalized data for ANN model 

Sl.
No 

Extrusion 
Temperature in °C 

Sintering 
Temperature in °C 

Shore hardness  
(D scale) 

1 0.70 0.89 0.97 

2 0.80 0.91 0.91 

3 0.75 0.90 0.94 

4 0.90 0.94 0.88 

5 0.82 0.93 0.91 

6 0.93 0.90 0.78 

7 0.92 0.90 0.89 

8 0.85 0.92 0.83 

9 0.78 0.91 0.80 

10 0.68 0.93 0.85 

11 1.00 0.95 0.86 

12 0.98 0.97 0.77 

13 0.83 0.99 0.95 

14 0.72 1.00 0.98 

15 0.87 0.92 0.83 

4. Results  
The results obtained after development of ANN model is 

tested with remaining data on testing the ANN model 
provided the following result with an error of 6.66% which is 
acceptable range of ±10%. The table 4 shows actual the 
shore hardness and predicted shore hardness. 

Table 4.  Prediction data of ANN model 

Sl.no. 
Extrusion 

temperature 
in °C 

Sintering 
temperature 

in °C 

ANN 
prediction     
(D scale) 

Actual 
shore 

hardness   
(D scale) 

1 40 391 63 65 

2 58 421 58 56 

3 44 414 64 60 

4 57 409 53 51 

5 53 380 56 57 

6 46 389 60 62 

The table 5 shows the percentage of error occurred from 
ANN model developed.  

Table 5.  Error in terms of Percentage from ANN  

Sl.No. 1 2 3 4 5 6 

Error 
occurred -3.07% 3.51% 6.66% 3.92% -1.75% -3.22% 

5. Conclusions 
The ANN model developed for predicting of shore 

hardness is well within the range of ±10% which is 
acceptable from the results obtained therefore the developed 
model can be used for predicting the shore hardness of PTFE 
tubes. It also indicates the Extrusion and sintering 
temperature are the two important factors for shore hardness 
of the PTFE tubes manufactured from the Extrusion process. 
Finally it can be said that ANN is a superlative tool can be 
used for prediction of mechanical property like shore 
hardness in manufacturing industries. 
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