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1. Introduction 
Transforming the conventional coarse-grained 

microstructure of metallic materials to the ultra-
fine grained (UFG) state can significantly enhance 
the mechanical properties. Nowadays, different 
technologies exist to produce metals with UFG 
microstructure. Severe Plastic Deformation (SPD) 
has proven to be the only technically viable, direct 
method for production of bulk, fully dense and 
massive UFG metallic materials by means of very 
large plastic deformation [1]. SPD is defined as a 
metal forming process, in which an ultra-large 
plastic strain is applied on a metal in order to 
generate bulk UFG metals with both high strength 
and ductility. The dominating SPD technology is 
Equal Channel Angular Pressing (ECAP). During 
the ECAP process the raw material is pressed 
through a die consisting of two equal channels 
intersecting at a set angle. It undergoes a very high 
plastic deformation by simple shear under 
enhanced hydrostatic pressure without change in 
the cross-sectional dimensions. Thus, the ingot can 
be pressed repetitively through the same die as 
well as rotated between consecutive passes (routes) 
to activate different slip systems and to attain 
extremely large, multidimensional strain. These 
facts lead to a microstructural refinement down to 
ultrafine grained (UFG) microstructure and 
consequently to altered (mechanical) properties i.e. 
high strength at still decent ductility as well as 
enhanced fatigue limits. 

However, little is known about the influence of 
the UFG microstructure on the machinability. So 
the effects of the ECAP procedure on the 
machinability of aluminum (EN AW-6082) were 
examined by turning. 

2. Machining Experiments 
In order to analyze the effects of the ECAP 

process on the machinability, the cutting forces, 
the chip formation and the surface quality of the 
machined parts were examined. 

Tab. 1 shows mechanical properties of the 
ECAP material compared to the as-received 
material. 

 AR ECAP 
Ultimate tensile strength [MPa] 494 655 
Yield strength [MPa] 413 427 
Elongation at break [%] 38 21 

Tab. 1. Mechanical properties of EN AW-6082 as-
received (AR) and after ECAP. 

To evaluate the influence of the ECAP process 
on the machinability 100 longitudinal turning tests 
with ECAP aluminum, as well as untreated 
aluminum were performed. The cutting parameters 
were set according to recommendations of the tool 
manufacturer for Sandvik© Coromant DCGX 11 
T3 08-AL H10 cutting tool. Thus, the cutting 
speeds was varied between 80 and 170 m/min, 
feeds between 0.05 and 0.5 mm/rev and depths of 
cut from 0.5 to 2 mm. In Fig. 1, the setup for the 
turning tests is shown. 
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Fig. 1. Experimental setup. 

In Fig. 2 the cutting force at a 2 mm depth of 
cut is plotted as a function of the feed. The ECAP 
aluminum has at all investigated feeds a lower 
cutting force than the untreated reference material. 

 
Fig. 2. Machining force for 2 mm depth of cut and 

averaged cutting speed from 80 to 170 m/min. 

In [2] a classification for the different chip 
shapes at the mechanical processing of metals is 
defined. Category 1 to 4 is inconvenient because 
the chips are continuous and have a high volume. 
So the risk for damages at the machine tool and the 
danger of injury for the machine operator is very 
high. The chips in category 5 to 8 are convenient 
because of the periodic chip break. 

Fig. 3 shows, that at a cutting speed of 170 
m/min, a depth of cut of 1.5 mm and a feed of 0.4 
mm/rev the chips from the ECAP aluminum 
(category 5 to 8) are better than them from the 
untreated material (category 1 to 4). 

 
Fig. 3. Chips of untreated (left) and ECAP processed 

(right) EN AW-6082 for cutting speed 170 m/min, 
depth of cut 1.5 mm and feed 0.4 mm/rev. 

The average surface roughness Rz of the 
machined surfaces for the ECAP aluminum is 
between 0.8 to 4.6% depending on the chosen 
machining parameters, lower than the Rz value of 
the untreated aluminum. 

3. Discussion & Summary 
With the ECAP process treated aluminum has 

not only advantages in the material strength but 
also the machinability improves. The cutting force 
of ECAP processed aluminum is lower compared 
to untreated material despite of the higher strength. 
The fact that the cutting process happens at high 
temperatures and not at room temperature, like the 
measurement of the material properties, can be 
used as an explanation for the results. In [3] the 
same effect was observed for ECAP copper and 
untreated copper. In [4] it is shown, that a 
reduction of 12% of the friction coefficient leads to 
a reduction of 15% in cutting forces. 
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