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Abstract. Standard friction models do not take the process parameters temperature, velocity and surface pressure 

entirely into account. To describe the friction conditions during extrusion processes, the impact of all process 

parameters has to be considered. A remarkable influence of pressure and temperature on friction is experimentally 

detected whereas the influence of sliding velocity is small. In the framework of the conference the experimental 

procedure, the subsequent modelling approach as well as FE simulation results will be presented and discussed.

1 Introduction 

Extrusion is a forming process that is used to produce 

profiles with commonly constant cross section. Therefore 
a heated billet is pushed through an extrusion die, which 

gives the profile its final shape. In between the billet 

material and the tools surface a frictional contact is 

established, that might be influenced by temperature T, 

pressure p and sliding velocity v. Also in extrusion 

simulations most commonly standard friction models are 

used, like the Coulomb (Eq. 1) or shear friction model 

(Eq. 2). In addition the friction coefficients (µ) / 

parameters (m) are mainly kept constant during the 

simulation, which is commonly an oversimplifying 

estimation. 

                                  µ p      (1) 

                                  
k

fm
3

      (2) 

While the Coulomb model takes only pressure into 

account, the shear friction model is limited to the 

functional behaviour of the yield stress. The general 

influence of the aforementioned process parameters on 

friction is well known, as it is summarized by different 

authors in [1-3]. The experimental detection of friction is 

mostly done by testing devices like Pin-on-Disc and 
Block-on-Disc tribometers or special tool systems 

developed for extrusion-like investigations [1, 4]. In this 

study an advanced experimental setup for process 

parameter dependent friction tests under extrusion 

conditions is presented. Based on the test results a 

temperature, pressure and velocity dependent friction 

model is introduced and implemented to the FE code PF-

Extrude.  

2 Experimental analysis of friction 

To investigate friction under extrusion conditions the 

Tribo-Torsion-Test setup has been developed. As the 
testing device the Torsion machine Baehr STD 810 is 

used, which enables simultaneous axial and rotational 

loading and heating of the specimen by an inductive heat 

coil. Tribo-Torsion-Test makes use of a conical shaped 

punch and a conical shaped aluminium specimen (α = 

45°) assembled in an outer tool and a centering bar for 

position alignment (Di = 5 mm, Do = 10 mm). The high-

pressure suitability is achieved by a sample volume 

constraint. Small clearance between the rotating punch 

and the fixed tools, loaded with an axial force, lead to 

only small axial displacement and due to that a constant 
sliding surface region in between the frictional partners 

Al-sample and punch is adjusted.  

To avoid rotational movement of the sample set 

screws positioned at the circumference of the outer tool 

are used to fix the test sample at its position. Temperature 

is measured and controlled by a thermocouple welded on 

the surface of the outer tool close to the friction zone. 
The required frictional torque, due to the thermo-

mechanical loading, is measured continuously. In the 

beginning of a test cycle the sample region is heated by 

the inductive heat coil to the appropriate temperature and 

is afterwards kept constant for a specific time to obtain a 
constant temperature distribution. The adjusted pressure 

is applied in the beginning and is kept constant during the 

whole test cycle. The actual testing cycle is started after 

heating through the test equipment. The rotational 

movement will start and the frictional moment as a 

function of pressure, temperature and velocity for the 

selected material combination is recorded. Figure 1 

depicts the setup of the Tribo-Torsion-Test and a more 

detailed description can be found in [5]. In the framework 
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of this study gas- nitrided punches were used, while the 

Al-samples were made out of EN AW-6082. 

 

 
 
Figure 1. Schematic setup of the Tribo-Torsion-Test. 

 

Different loadings were applied to investigate the 

influence of friction in the following ranges: 400°C ≤ T ≤ 

500°C, 15 MPa ≤ p ≤ 60 MPa and 2.4 mm/s ≤ v ≤ 24 
mm/s. The results reveal that a temperature and pressure 

dependent influence on friction is obvious. The frictional 

moment increases with decreasing temperature and 

increasing pressure. Velocity seems to have no 

pronounced influence on friction [5]. 

3 Material and Friction Modelling 

The accurate modelling of the material behaviour of the 

extruded workpiece is as important as the correct 

determination of friction conditions during the extrusion 

process. The hot forming properties of the aluminium 

alloy were investigated by means of dilatometer 
experiments to derive the dependency of temperature, 

strain and strain rate. Due to dynamic recovery processes 

the yield stress increases with increasing strain rate and 

decreasing temperature. Strain hardening influence is 

hardly detectable at the investigated temperatures. 

The experimentally received flow curves are fitted by 

the modified Zener-Hollomon / Tong model [6], which is 

a suitable model to describe the material behaviour as a 

function of temperature T, strain rate   and strain   (Eq. 

3). The fitted parameters of the model are presented in 

Table 1.  
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Table 1. Parameters for the material model for EN AW-6082. 

C Q m b N 

[MPa] [J/mol] [-] [-] [-] 

0.907 24420 0.098 0.079 19.67 

 

 

The comparison between the experimental data and 
the modelled curves is depicted in Figure 2. As it can be 

seen the model approach describes the measured 

behaviour reasonably well. Only for low strain rates 

deviation is detectable, due to temperature-dependent 

softening processes like dynamic recovery and 

recrystallization. The usage of a constant friction 

behaviour is most commonly inappropriate and an 

oversimplifying estimation. This is why a more specific 

model has been introduced, which is based on the 

experimental Tribo-Torsion Test to specifically evaluate 

friction conditions and behaviour for the selected material 

combination under extrusion conditions.  

 
Figure 2. Comparison of experimental results and the modelled 
behavior. 

 

As a suitable model a description based on the 

Hockett-Sherby approach is proposed (Eq. 4). 
max

(T)  

and 
min

(T)  correspond to the boundary values of the 

Hockett-Sherby model and are determined with respect to 

the yield behaviour of the aluminium alloy (Eq. 5 and Eq. 

6). High strain rates are considered, due to the thin 

frictional layer in between the tool material and the 

sheared test sample. The thickness of the friction layer is 

about 6 µm in the investigated cases. Due to this the 
assumption of high strain rates seems to be reasonable. 
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Therefore, the thermo-mechanical parameters 

mentioned above are used to calibrate the friction to the 

material model. The proposed model and its fitted 
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parameters (u, v, w, z, T0, p0, v0) are presented below in 

Table 2. For a constant pressure (p = 32 MPa) the model 

behaviour is depicted in Figure 3. As it can be seen the 

influence of temperature on friction is notable, while the 

influence of velocity is poor. 

Table 2. Friction model parameters for EN AW-6082. 

u v w z T0 p0 v0 

[-] [-] [-] [-] [°C] [MPa] [mm/s] 

8.409 1.629 0.02 0.837 660 100 50 

 

 
Figure 3. Temperature and velocity dependent shear stress 
model and experimental data (p = 32 MPa). 

 

To avoid mesh size-dependent effects the shear stress 

model must be regularized for the application in FE code 

(PF-Extrude). Therefore the shear friction model is used 

to calculate the shear factor (Eq. 7) based on the stresses 

that are proposed by the introduced model. The shear 

factor is independent of strain rate influences and the 

shear stresses sim can be calculated, based on the local 

yield stress determined by the FE procedure (Eq. 8). 

Figure 2 illustrates the behaviour of the shear factor as a 

function of pressure, temperature and constant velocity. 
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Figure 4. Shear factor dependency on pressure and temperature. 

 

4 Validation  

The implemented friction model is validated by a 4-hole 

extrusion die with four different conical bearings 0°, 1°, 

2° and 3° [5]. This causes a very sensitive frictional 

behaviour, due to different pressure (and temperature) 

gradients along the bearing. Extrusion experiments 

(conducted at ERDC, Berlin) reveal a strong influence of 

the bearing angle on the profile velocity. Figure 5 shows 

the simulation results compared to the experimental 

results based on the developed T,v,p - dependent friction 

model and on the conventional shear friction model with 
constant factor (m=0.8), too. Very good agreement is 

achieved with the new model, due to its dependency on 

pressure and temperature, while the conventional model 

leads to a wrong velocity distribution. 

 

 

 
Figure 5. Simulation results for the new T,v,p - friction model 
(above) and for a constant shear factor (m=0.8) (below). 

5 Conclusions 

The Tribo-Torsion-Test is presented which is used for 

friction investigations under extrusion conditions. The 

developed steps of friction modelling involving material 

modelling, too, are presented. Significant influence of 

pressure and temperature is detected, while the influence 

of velocity is negligible. Validation simulations 
demonstrate the importance of process parameter 

dependent friction models. 
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