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Abstract—Two different techniques were used to assess
friction, namely unidirectional crossed cylinders sliding
with linear increase of the load and an equipment which
allows measuring the friction coefficient under stretchforming conditions in a sheet metal forming process. The
tested materials are a cold-rolled advanced high-strength
steel, DP600, and an aluminium 1100 alloy against heattreated AISI D3 steel. The test protocols were established to
allow the study of several effects: sliding speed, the surface
roughness, the lubricant effect, the load and the running-in
effect. The differences between the two techniques are
widely discussed and laser profilometry and scanning
electron microscopy are used to help understand the
prevalent friction mechanisms.
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I. INTRODUCTION
Concerning classic tests, Podgornik et al. performed a study
to evaluate galling properties of tool materials for metal
forming operations comparing several tribological test
methods. Among several possibilities, it was proved that
load scanning is a very simple and suitable method to
evaluate galling properties of tool materials. This method
was successfully applied to study the effect of the surface
treatment and the roughness of tool material as well the
behaviour of different lubricants . The assessment of friction
during sheet metal forming operations is a very complex
task, and the laboratory test selected presents a fundamental
importance on the friction results. Stretch forming was used
by several authors to study the influence of several
parameters on friction during sheet metal forming.
New die materials and surface treatments have
been investigated as well as the effect of blank material,
surface roughness and lubricant viscosity. Instrumented
deep-drawing tests were used especially to evaluate the
effect of lubricants .

Fig. 2: roller with metallic strip

Fig.3:roller with non contact RPM measurement device

II. EXPERIMENTAL SETUP & PROCESS-

Fig.4: Experimantal setup

Fig. 1: vertical press

A. Load-scanning tests
The load-scanning test was done with two opposite
cylindrical surfaces, with cross relative position, i.e. with the
axes in perpendicular directions. Relative sliding motion
during testing forms 45◦ in relation to each specimen axis,
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III. RESULTS AND DISCUSSIONComparison between draw-bead and load-scanning friction
Tests In order to compare the results obtained by loadscanning anddraw-bead testing systems, a set of tests was
performed for bothpairs of materials under study. Inthis
case, the effect of abrasion by steel asperities is determinant
inthe result. Therefore, an increase of the roughness induced
a rise inthe friction coefficient. Comparing friction
coefficients obtained forthe two tested pairs, in the same
roughness conditions, the highestvalue corresponds to the
steel sheet material, which should be dueto the higher yield
stress value.
Table .1. Load applied with 10 RPM roller and stainless
steel Thickness 2 mm
Sr. No.
1
2
3
4
5
6

Applied load in N
10
20
30
40
50
60

Friction force in N
2
5
7
9
10
12

14
12
10
8
6
4
2
0
0

20

40
60
Applied load in N

80

Fig.5: Load applied with 10 RPM roller and stainless steel
Thickness 2 mm
Table 2. Load applied with 15 RPM roller and stainless
steel Thickness 2 mm
Sr. No.
Applied load in N Friction force in N
1
10
3
2
20
6
3
30
9
4
40
13
5
50
12
6
60
10
14

Friction force in N

therefore the contact spot moves along a contact path on
each specimen. This test procedure derives from the
research work of Hogmark .
This type of test, with point-contact geometry, can
be done with a constant normal load or varying the load,
using different loading waves, during the test. The sliding
velocity is another test parameter that can be adjusted. The
equipment also allows changing the diameter of specimens,
their roughness and the lubrication. Moreover tests can be
done applying single or multi-pass conditions. The
equipment developed at the University of Coimbra has a
high precision of motion and positioning and is numerically
controlled . The sliding motion corresponds to the
movement of the horizontal base, where the specimen is
fixed on a three-axis piezoelectric load cell. Normal load is
applied by a spring, with well-defined constant rigidity,
controlling the vertical motion of the upper specimen.
Therefore, both the specimen path and the loading wave are
numerically controlled. Both normal and tangential forces,
measured by the load cell, were acquired in real-time during
the test.
The draw-bead test allows the simulation of the
bending and unbending in a sheet metal forming process and
to measure the friction coefficient during the sliding of the
sheet against a die during the forming process . To do this
type of test, test equipment was especially designed in order
to be used in conjunction with a classical electromechanical
tensile test machine.

Friction force in N
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Fig.6. Load applied with 15 RPM roller and stainless steel
Thickness 2 mm
Table .3. Load applied with 20 RPM roller and stainless
steel Thickness 2 mm
Sr. No.
Applied load in N
Friction force in N
1
10
4
2
20
6
3
30
10
4
40
12
5
50
10
6
60
9
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Fig.7: Load applied with 20 RPM roller and stainless steel
Thickness 2 mm
IV. CONCLUSIONS
Tribological characteristics involved in sheet metal forming
have been investigated using two experimental approaches:
a load scanning type tester and a recently developed drawbead type device. The following conclusions can be drawn
from this study:
1. Comparing the results obtained by both experimental
techniques load scanning always produced lower
friction values. This difference could be due to the
highest contact pressure on the load-scanning test.
2. A significant effect of reduction of friction by the
running-in effect has been achieved by multi-pass loadscanning tests. The reduction of the friction occurs
especially by the attenuation of the roughness
components with high wavelength.
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