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Abstract  

The experimental results of the combination extrusion process for ENAW-1050A aluminium alloy are 

presented. Depending on the punch and die sizes used, the tests were performed for three different values of 

relative strain in backward direction, ε2, and a constant strain in forward direction, ε1. The test aimed at 

determining the effect of friction on maximum values of punch forces. Non-lubricated and lubricated (zinc 
stearate) extrusion processes were used.  
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1. INTRODUCTION 

Combination extrusion is the process which combines forward extrusion and backward extrusion in one 
operation. As a result of this combination, not only the time of forming is reduced but also the costs of 

production are lower due to the elimination of one tool from the production process. Among the available 

literature, the works [1÷5] are the most extensive reports on forward and backward extrusion. None of them, 

however, deals with the issues of combination extrusion. Papers [6÷16] contain practical rules and guidelines 
for technological process design of selected elements applicable under industrial conditions. Publications 

[17÷20] report the results of computer simulations and experimental study of material flow and punch force 

values in the combination extrusion process with a flat-cone punch. Given the above, it is considered 
appropriate to undertake the experimental study of the effect of friction on the values of combination extrusion 

punch forces.  

2. PURPOSE AND SCOPE OF STUDY 

This experimental study aims at determining the influence of friction on the values of punch forces for different 

degrees of backward strain ε2 at a constant forward strain ε1 during the process of lubricated and non-

lubricated combination extrusion. It was assumed that in the combination extrusion process, shown 
schematically in Figure 1, the material being extruded moves freely both in the forward and in the backward 

axial directions.  

The tests were performed on pre-softened aluminium discs A1 99.5 (ENAW-1050A) with dimensions do×ho = 

24.95×16mm. Mechanical properties of the test material are summarized in Table 1. These properties were 

determined from the static tensile tests performed to PN-EN 10002-1+AC1. 

Table 1 Aluminium A1 99.5% (ENAW-1050A) properties. 

Material R0.2 Rm A A11.3 Z 

A1 99.5% 24MPa 82MPa 46% 34% 86% 
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Figure 1 Schematic diagram of combined extrusion with a flat-face punch: 1 - die insert; 2 - flat-face punch; 

3 - counterpunch; 4 - slug; 5 - part. 

During non-lubricated combination extrusion, the friction coefficient is µ = 0.29 and µ = 0.1 when lubricated 
extrusion is used. These values were determined in the ring upsetting test (Burgdorf method). Various 
dimensions of the workpiece with a shape as in Figure 1 were obtained: 

• For the upper part of the component extruded in the backward direction, the outer diameter was d2 = 
25.2mm with inner diameters of ds=15, 17, 19mm,  

• For the lower part of the extruded component, d1=10mm=const. 

The following degrees of deformation were obtained with the assumed material dimensions:  

• for backward extrusion, respectively  
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It was assumed that the maximum height of the cylindrical part of the component was 14mm due to the design 
of the extrusion die limiting free movement of the material in the forward direction because of the ejector in the 
tool.  

The tests were performed on the ZD100 testing machine with a maximum pressure of 1MN in which a die for 
combination extrusion was mounted. The changes in punch force values were recorded by two inductive 

displacement sensors, analog-digital converter LC011-1612 installed in the computer. Data visualization was 
performed with the POM16 program in the form of graphs of punch force as a function of punch displacement.  

3. STUDY RESULTS AND THEIR ANALYSIS 

The tests yielded the curves of punch forces as a function of punch displacement during the combination 
extrusion process. Figures 2 and 3 show changes in the punch force for three different degrees of backward 

strain ε2 at the constant value of forward strain ε1 = 0.84. 
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Figure 2 Punch force changes as a function of displacement during combined extrusion for different values 

of relative backward strain ε2 and constant forward strain ε1=0.84 (µ = 0.29) 

The punch force changes plotted in Figure 2 refer to extrusion processes where no lubricant was used (µ = 

0.29). The curves depicted in Figure 3 were plotted for the material lubricated with zinc stearate (µ = 0.1). 
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Figure 3 Punch force changes as a function of displacement during combined extrusion for different values 

of relative backward strain ε2 and constant forward strain ε1=0.84 (µ = 0.1) 

From the figures above it follows that increased values of strain ε2 lead to increased punch force values. The 
force increases quickly with increasing punch displacement in the initial phase of the process to decrease 

gradually after reaching the maximum value. Reduced friction coefficient caused the maximum force values to 

decrease for the same relative strains ε2. The punch force values remained the same.  
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It has to be noted that for the maximum backward strain ε2=0.58, the extrusion process proceeds at a smaller 

value of punch displacement relative to the other strains, ε2=0.46; 0.36. The combination extrusion process 
involves a free movement of the material in the axial backward and forward direction. Exceeding the value of 

14mm in the forward direction is limited by the front face of the counterpunch. This limitation causes the 
material to move only in the backward direction and the punch force is doubled.  

4. SUMMARY 

The following conclusions can be drawn on the basis of the test results: increased degree of backward strain 

ε2 contributes to an increase in extrusion force values; the tests with lubrication showed a reduction in extrusion 

force values, in particular for the maximum degrees of the backward strain ε2. 

It should be stressed that the experimental results presented here showed the advantage of combination 

extrusion over forward and backward extrusion processes used separately. The forming of tubular-cylindrical 
parts using the combination extrusion eliminated the need to use two technological operations. The cylindrical 

part of the component is manufactured in forward extrusion, while the tubular part of the component is made 
in backward extrusion. This system reduces labour intensity and cost of the tools and by substantially 

decreasing the forming forces, improves the durability of the tooling.  
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