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Abstract. Polymeric material’s extrusion is a very complex manufacturing process opened for new 

research. In this paper the authors use for extrusion polyamide 6.6 reinforced with 20% glass fibers. 

This material offers very good mechanical, thermal and frictional proprieties. The improvement of 

these proprieties can be realized through the optimization of the extrusion process. Temperature is a 

very important parameter for obtaining good quality products, so to choose the proper values of it, is 

an interesting challenge. It was proved that the main influence upon the product’s quality have the 

temperatures from the metering zone and from the forming zone so the optimization of these is of 

maximum importance for the quality of the products. The Response Surface Method (RSM), based 

on ANOVA – Analysis of Variance model was used for optimization the temperatures from the 

metering zone and from the forming zone.  

Introduction 

To choose the most appropriate technology for manufacturing parts from polymeric materials is 

an important issue and has to be done considering the material, the dimensions, the geometry and 

the series of fabrication. The extruding technology is usually used for manufacturing parts with an 

infinite length (but not only), such as pipes, cannulars, tubes and so on [1,2]. 

In this paper the authors want to present a way to improve the proprieties and the mechanical 

characteristics of the parts, made from polymeric materials, through extrusion. From this class of 

materials, polyamide 6.6 reinforced with 20 % glass fibers (PA 6.6 - 20 % GF) was used for tests. 

In technical literature is well known that the temperature is a main factor that influences the 

proprieties and the mechanical characteristics of the parts made from polymeric materials. From 

material’s (PA 6.6 – 20 % GF) technical data it can be seen that the producer indicates an interval 

for the temperatures’ values that are recommended for manufacturing [3]. For the above mentioned 

material this values are between 270 ÷ 290°C for the metering zone and between 260 – 280 °C for 

the forming zone. The other two areas, namely the feeding and the compressing ones, were not 

taken into account as they do not influence the quality of the product as much as the others two 

mentioned before.  

In order to obtain products with maximum possible values of the mechanical characteristics of 

the product, it is necessary to determine the optimal values for the temperatures from the metering 

and the forming zone. This can be realized by using ANOVA (Analysis of variance) method which 

is included in the Response Surface Methodology - RSM. This method that uses mathematical and 

statistical data is usually used for development, improvement and optimization of the technological 

processes. A proper mathematical model used for a technological process has to consider 

parameters very carefully choose. In order to determine the optimal values for temperature in the 

metering zone and in the forming zone, a strategy must be established and a proper number of 

experiments should be determined. With this goal, the soft Design Expert version 8.0.5 was used. 

This is a software application that uses statistical tests in order to design and explain multifactor 

experiments. On the bases of the results from the experiments, the program allows to optimize, 

numerical and graphical, the process’s variables which are the temperature’s values in the metering 

and the forming area [4].  
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The strategy for experiments. Mathematical model determination.  

The goal of the present research is to establish the optimal values for the manufacturing 

temperatures which can lead to obtain maximum values for the material’s strength after traction 

testing of the samples from the extruded products. 

For the mathematical model, at first should be established the independent and the dependent 

variables. Traction strength will be considered the dependent variable and the temperatures from the 

metering zone and from the forming zone will be considered independent variables. Using the 

Response Surface Method, at the beginning the optimization conditions must be established and 

only after this, a response surface will be generated. It must be mentioned that the optimal solution 

depends on the precision of the surface response. The choosing of the parameters is in general 

realized through experiment’s planning and the numerical analyze is performed for each 

experiment. The results are used to build the response surface [4]. The goal for the experiment’s 

planning is to establish the values for the independent variables for which the interval of variation is 

properly used. For this, some techniques were developed such as: factorial planning, middle 

compositional programming, orthogonal planning, and so on [1,2]. 

For this research the second degree middle compositional programming type 2
k
 where k = 2 (k is 

the number of independent variables) was used. The minimum and the maximum values of the 

independent variables were introduced (the recommended interval of temperature) [4]. A number of 

13 experiments (virtual experiments through numerical simulation) appeared to be necessary. They 

are presented in table 1.  

After performing the 13 experiments of numerical analyze, the dependent variables were 

determined (traction strength values). The values for the traction strength of the extruded products 

were determined for each combination of temperatures (for all of the 13 experiments). In order to 

minimize the number of errors, for each value, a number of 5 test specimen must be used for 

traction (SR EN ISO 527 – 2000) . The data for the response variable were manually introduced in 

table 1. For this research an extruder Cincinnati Monos +45 mode was used (Fig. 1). With this 

extruder, tubes with diameters between 20 – 2000 mm and with different wall thickness’s can be 

obtained [1,2].  

 

Table 1. Experiments planning strategy (CCD) 

No. 
Code for the 

variables 
Real values for independent variable 

Response variable 

Traction strength Rm [MPa] 

 A B T3 [° C] T4  [° C] PA 6.6 – 20 % GF 

1 -1 +1 270 280 72.7 

2 0 0 280 270 78 

3 +1 -1 290 260 58.2 

4 -1 -1 270 260 76.9 

5 + 0 294 270 61.2 

6 0 -α 280 256 64.3 

7 -α 0 266 270 67.5 

8 0 0 280 270 77.1 

9 0 0 280 270 77.8 

10 0 0 280 270 77.3 

11 0 0 280 270 79.3 

12 +1 +1 290 280 72.4 

13 0 +α 280 284 75.4 
 

 

For this research a tube with exterior diameter of 30 mm and a wall thickness of 4 mm was 

realized. The processing temperature of the extruder can be set up with the help of T3 and T4 

thermocouples. In order to perform the experimental research, the working temperature into the 
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feeding zone (T1) was set-up and maintained constant at 250°C and in the compressing zone (T2) 

was maintained at 260°C [1].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the strategy of experiments, 13 products were obtained. From these products, test 

specimen were cut folowing the directions from SR EN ISO 527 – 2000. They were cut with a 

blanking die fixed on a hydraulic press.  

The shape and the dimensions of the test specimen are presented in Fig. 2. They are: L2= 150 

mm, L1= 60 mm, R= 60 mm, b1= 10 mm, b2= 20 mm, h= 4 mm, L0=50 mm, L= 115mm. 

The traction tests were performed on a traction-compression universal testing machine type 

INSTRON 1196. The arithmetic mean values for traction strength obtained after traction were 

introduced in Design Expert program [1].  

In order to determine the mathematical model the following analyses were considered: Statistical 

F (Fischer); determination coefficient R
2 

and
 
adjusted determination coefficient R

2adj
. 

As a consequence of introducing the 

values of the process variables and on the 

bases of ANOVA analyze, 5 

mathematical models will result as shown 

in table 2. In order to verify the efficiency 

of the above mentioned models it is 

recommended to examine the probability 

„Prob>F”, in order to see if they have 

values lower than 0.05 which represent 

the maximum admitted level of 

confidence. It can be seen that all the 

other models than Quadratic vs 2FI, have 

values over the maximum admitted level 

of confidence of 0.05. This observation 

leads to the conclusion than only 

Quadratic vs 2FI model is significant, 

while all the others are excluded [1]. 

In order to increase the probability of efficiency of the chosen mathematical model, the 

Determination Coefficient R2 will be analyzed as well as the Predicted Residual Error Sum of 

Squares- PRESS (table 3). R2 is a measure of the dispersion value compared to the medium value 

of the process variables. The more "R-squared" value is closer to unit (1), the better is the efficiency 

of the model and the approximation of the response variable (the dependent variable R2). On the 

bases of the results presented in table 2 and 3, a square mathematical model was chosen (second 

degree equation)[1]. 

Fig 2. Traction test specimen  

Fig. 1 Single worm  extruder type Cincinnati Monos +45  
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Table 2. ANOVA results 

Mathematical 

model 

Sum of 

Squares 
df Mean Square F Value p-value Prob > F 

Mean vs Total 67694.74 1 67694.74 - - 

Linear vs Mean 180.08 2 90.04 2.15 0.1676 

2FI vs Linear 84.64 1 84.64 2.28 0.1657 

Quadratic vs 2FI 295.52 2 147.76 26.32 0.0006 

Cubic vs Quadratic 16.62 2 8.31 1.83 0.2529 

Residual 22.67 5 4.53 - - 

Total 68294.27 13 5253.41 - - 
 

Table 3. The determination of coefficient R
2
 

Mathematical 

model 
Std. Dev. 

R-

Square. 
Adjusted R-Squared 

Pred. R-

Squared 
PRESS 

Linear 6.48 0.3004 0.1604 -0.2545 752.11 

2FI 6.10 0.4415 0.2554 -0.0896 653.25 

Quadratic 2.37 0.9345 0.8876 0.5615 262.92 

Cubic 2.13 0.9622 0.9092 -1.1113 1265.78 
 

For a correct approximation of the dependent variable, it must be verified if a certain value is part 

of the proposed model or not. The most used criteria for addition or elimination of a variable is 

based on F partial test. In table 4, the ANOVA test table for response surface is presented. 

The value 19.96 of the Fischer statistics implies the fact that the mathematical model is 

significant. There is a probability of only 0.05 % for the mean value to be outside the confidence 

interval. 

A value for "Prob>F" below 0.05, indicates the fact that model’s terms are considered significant. 

In the presented case, all the terms A, B, AB, A
2
 and B

2
 are significant terms of the model because 

their values are lower than 0.05. The values for "Prob>F" over 0.100, indicates the fact that model’s 

terms are considered not significant and can be excluded from the regression equation [1]. 

 

Table 4. ANOVA test table for response surface 

Source 
Sum of 

Squares 
df Mean Square F Value p-value Prob > F 

Model 560.24 5 112.05 19.96 0.0005 

A-T3-Temp. in metering 

zone (C) 97.72 1 97.72 17.41 0.0042 

B-T4-Temp. in forming zone 

(C) 82.36 1 82.36 14.67 0.0065 

AB 84.64 1 84.64 15.08 0.0060 

A
2
 250.82 1 250.82 44.68 0.0003 

B
2
 72.97 1 72.97 13 0.0087 

 

Considering all the results, a mathematical model is obtained (second degree equation) which 

allows the traction strength due to manufacturing temperatures to be determined: 

Rm(T3, T4) = -3604.54430 + 21.34309 T3 + 5.18540 T4 + 0.046000 T3 T4 – 0.060918 T3
2
 – 

0.032857 T4
2
. 

    

(1) 

where: Rm  is the traction strength [MPa]  T3 is the temperature in the metering zone [°C] and  T4 

is the temperature in the forming zone [°C]. 
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Graphical presentation of the response surface 

With the usage of the mathematical model the graphic from Fig. 3 can be realized. It can be 

seen that the minimum value of the traction strength is obtained in the case when the difference 

between the values of the processing temperatures through extrusion is the highest (T3= 290°C and 

T4= 260°C). In this case the minimum medium value of the traction strength is 58.2 [MPa]. This 

leads to the observation that if the fluid’s 

viscosity in the forming zone is higher 

than in the metering zone, the danger of 

lockage of the extruder appears and also 

the damaging of the process as well. 

The maximum value of the 

traction strength is observed in the case 

when the temperature in the metering 

zone has the value of 280°C and that from 

the forming zone is 270°C. In this case 

the maximum value of the traction 

strength is 79.3 [MPa]. In conclusion, if 

the temperature’s values are properly set, 

they can ensure the integral melt of the 

polymer and its best homogenuity and 

the mechanical characteristics of the 

extudet product are optimum [1]. 

Conclusions 

With the help of the mathematical model the quality of the extruded products can be improved by 

choosing the proper values for the temperature in the metering zone and in the forming zone. In this 

way an optimal homogeneity of the material (PA 6.6 – 20 % GF) is obtained and the mechanical 

characteristics of the product are improved. It can be observed that the lower value for the traction 

strength is obtained in the case when the difference between the temperatures from the zones 

mentioned above is higher (T3= 290 °C and T4= 260°C), and T3 >T4. In this case the value of the 

polymer’s viscosity in the forming zone is higher than the value from the metering zone and that can 

lead to a blockage in the extruding equipment. In the same time it is very difficult to control the 

shape of the extruded product. The maximum values for the traction strength of the products are 

obtained in the case when in the metering zone the temperature is 280°C and in the forming zone is 

270°C. In this case the extrusion pressure is optimum and it can be obtained a very good 

homogeneity of the material and the shape of the product can be easily calibrated. The mathematical 

model presented above is recommended only for PA 6.6 – 20 % GF (polyamide with 20% glass 

fibres). For other materials or other degree of reinforcement, the results are not conclusive.  
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Fig. 3.The response surface according to the  

mathematical model 
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