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Contact pressure and sliding velocity ranges in sheet metal forming simulations
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Abstract. In the last few years many efforts have been carried out in order to better understand what the
real contact between material and tools is. Based on the better understanding new friction models have been
developed which have allowed process designers to improve numerical results in terms of component viability
and geometrical accuracy. The new models define the coefficient of friction depending on different process
parameters such as the contact pressure, the sliding velocity, the material strain, and the tool temperature.
Many examples of the improvements achieved, both at laboratory scale and at industrial scale, can be found in
the recent literature. However, in each of the examples found in the literature, different ranges of the variables
affecting the coefficient of friction are covered depending on the component analysed and the material used
to produce such component. The present work statistically analyses the contact pressure and sliding velocity
ranges achieved during numerical simulation (FEM) of sheet metal forming processes. Nineteen different
industrial components representing a high variety of shapes have been studied to cover a wide range of
casuistic. The contact pressure and sliding velocity corresponding to typical areas of the tooling have been
analysed though numerical simulation in each case. This study identifies the ranges of contact-pressure and
sliding velocities occurring in sheet metal forming aimed to set the characterization range for future friction
studies.
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1 Introduction

The sheet metal forming (SMF) and diemaking industry requires accurate and efficient production process in order
to face the demanded short delivery times. Accordingly, the accuracy of the simulations becomes a key factor, where
friction has been pointed out as one of the most influencing parameter [1]. Advanced research in recent years focused
on material [2] and tribological characterization have dismissed the trend of implementing a constant Coulomb
coefficient of friction model, independent on the process variables [3]. Recent works show the benefits of the modelling
of frictional behavior in terms of process parameters such as contact pressure [4] sliding velocity [5], material
strain [6], lubrication [7] or temperature [8]. Even though different testing methods have been proposed for friction
characterization (see Figure 1), when friction maps depending on contact variables such as the contact pressure is
aimed, strip drawing test is the most widely applied test [9]. The reason for this is that even if the other tests shown
in Figure 1 are able to reproduce specific areas of the tooling, the contact pressure between the sheet and the tool
is not homogeneous and it is not possible to define values of the coefficient of friction depending on the contact
variables [10]. These other tests are usually applied when a qualitative comparison between different tribosystems
wants to be achieved. Next question when doing a friction characterization is the contact variable ranges that should
be covered. Therefore, the question that the work tries to answer is which range of the different contact variables that
affect the coefficient of friction should be covered when generating new friction maps. That contact variables that, as

a result determine real contact area are, for instance, strain rate of the sheet metal, material type or lubrication type
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and amount. However, and being contact pressure and sliding velocity two of the most important contact variables,
the present work centers on these two variables for which the coefficient of friction (CoF) shows an exponential
decay [11].

(a) (b) (¢ (d)

(f) (g) (h) (1)

Fig. 1. Tribological tests representing the friction conditions in the specific area of the draw piece: (a) pin-on disc, (b)
bending under tension, (c¢) drawing with tangential compression, (d) bending with tangential compression, (e) strip-

drawing test, (f) draw-bead test, (g) strip tension test, (h) hemispherical stretching, (i) strip-reduction testing [12]

As the starting point of the work, information of the contact variable ranges covered by different authors have
been gathered in Figure 2. These values correspond to different test stands, but specially strip drawing, at which a

homogeneous and controlled contact pressure can be achieved.

426/2


https://popups.uliege.be/esaform21/docannexe/image/426/img-1.png

ESAFORM 2021. MS01 (Friction & Wear), 10.25518/esaform21.426

Auckland [13H Auckland [13H
Czestochowa [14H ——— Czestochowa [14H =
Dortmund [15H Dortmund [15H
FAU [16H— FAU [16} —
Hyundai [17H Hyumdai [17H
JFE steel [18H I —— JFE steel [18H
MeCaster [19H MeCaster [19H
Mondragon [20 f———————————s Mondragon [20H 1
Pohang [21H Pohang [21}
Porto [22 — Porto [22} —
POSTECH [23H POSTECH [23H
Pridting [ 14 {— Priitina [24H
Seoul [5H Seoul [5H
Split [25H Swerea IVF [26]
Triboform [27-28] Triboform [27-28}
Volve [6-7] [29-301 Volva [6-7] [29-30}
Waterloo [3 ] H— Waterloo [31H
1 10 100 1000 1 10 00 1000
Contact pressure [MPa] Sliding velocity [mmy/s]

a) b)

Fig. 2. Friction testing parameter ranges covered by different authors [5]-[7], [13-31] in logarithmic scale a) Contact

pressure b) Sliding velocity

Therefore, and observing the wide range used for the two contact variables by previous authors, the present work aims
to identify the ranges of contact pressure and sliding velocities occurring in different deep-drawn components. To that
end, nineteen different industrial components representing a high variety of shapes have been numerically simulated

to statistically analyse the contact pressure and sliding velocity ranges.

2 Methodology

2.1 Components and SMF simulations description

Autoform R8 finite element method software was used for the study. As the main objective of this work is to have a
general contact pressure and velocity ranges distribution overview independent on the part shape, the initial forming
(deep drawing operation) of nineteen industrial components case studies have been analysed. For that purpose, the
selected parts were numerically analysed, from which the pressure and velocity values have been exported at different
stages of the die-closure over different zones of the tools (Die, Blank Holder and Punch). These parts mostly correspond
to automotive components, even though some aeronautical components have also been included. All the principal
process parameters and material specifications used for the numerical simulations are shown in Table 1. It has also
to be mentioned that the forming velocity corresponds to a sinusoidal motion of different mechanical presses. For this

initial approach, a constant coulomb coefficient of friction has been introduced.

Table 1. Simulation parameters of the nineteen different industrial components
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Components and tribological conditions Mechanical press parameters

N Type Material 1 [mm)] COF [] Lubrication Drawing depth [mnm] Cvele time [s] BHF [kN] Press F [KN]
1 Fender HX180 0.6 0.15 Mill o1l 160 43 900 1866
2 Fender AZ170 1 0.12 Ml o1l 117 & S00 2304
3 Outer AAGAS] 0.9 0.14 AlubVs 77 & aT0 2293
4 Cuter AAG451 09 0.14 AlubVs 54 3 360 2614
5 Cuter WISCOMS4HD 0.7 0.15 Ml odl 300 3 2979 5070
6 Outer AAB451 09 0.14 AlubVs 141 3 1818 5175
7 Reinforcement AAGA5] 0.6 0.14 AlubVs 155 G 2255 7419
2 Reinforcement AAG111 2.5 0.18 AlubVs 144 & 2532 11171
9 Reinforcement AAG451 0.6 0.14 AlubVs 89 3 1507 6545
10 Reinforcement AAB45 1 0.14 AlubVs 68 & 1814 6173
11 Reinforcement DP600 0.9 0.14 Steel 49 3 200 7562
12 Reinforcement CR300LA-GI 0.7 0.15 Ml oil 60 3 1700 2839
13 Reinforcement AAG4S1 25 0.14 AlubVs 63 3 2000 6368
14  Remforcement AAG451 25 0.14 AlobVs 149 3 400 6527
15 Reinforcement AAG451 3 0.14 Mill a1l 13 & 1814 3092
16  Reinforcement DP730 1.4 0.15 Mill ol 82 ] 2800 13376
17 Reinforcement HX260 1.5 0.15 Ml ol 929 ] 1568 5712
18 Small parts Inconel 265 2 0.15 Mill o1l 99 3 311 1310
19 Small parts DCos 1.2 0.15 Mill ail 75 32 206 542

2.2 Division of die areas and forming time

In order to evaluate the impact of the tool geometry, the tool set has been divided in different representative areas (Fig.
2). All those areas can be grouped in flat areas (i.e. blank holder, inner ring, flat area (male) and flat area (female)), and
curved areas (i.e. groove radius (inlet), groove radius (outlet), die inlet radius, inner radius). In order to analyse the
evolution of the parameters during the drawing process, eleven evenly spaced stages have been studied between the
initial contact (drawing process start) up to the complete die-closure (drawing process end). As example, in component
N¢ 1; results were analysed at different die-closure distances: 160 mm, 144 mm, 128 mm, 112 mm, 96 mm, 80 mm, 64
mm, 48 mm, 32 mm, 16 mm and the complete closure of the dies (0 mm). Additionally, 20 random points were taken in
every zone at each stage in order to have a good statistical representation. That makes a total of 1980 data points per

component: 20 random points over 9 zones at 11 stages.
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Fig. 2. Discretization of the tool geometry into different areas for contact pressure and sliding velocity evaluation

In order to get a normalized comparative values representing the evolution of the pressure and sliding velocity of
each component, the die-closure process (analysed at 11 stages as previously explained) has been normalized and
averaged in thirds; representing the initial, intermediate and final drawing process (1/3; 2/3 and 3/3). Therefore, “N1
component, Blankholder, 1/3 mean value” corresponds to the averaged of the 20 random points obtained over the
blankholder area of the N1 component on the stages: 160 mm, 144mm, 128 mm and 112 mm (around 80 data points).
Finally, in order to get the statistical averaged of the contact conditions on a specific area, the mean value of the 19

components have been taken.

3 Results and discussion

Figure 3 shows the global main values of the sliding velocity and contact pressure for each studied area, taking into
account the 19 components and divided in thirds of the die-closure. Averaged values of the results are depicted in
column representation, along with all data points in order to visualize the variability of the value. Nevertheless, as the
comparison is between different parts and the deviations are high, even within each component, Figure 3 is divided
in bars and series of data points. The bars correspond to the average values of all the components. The series of
data points are represented to indicate the range of values for every variable. This data corresponds to the maximum,
average and the minimum values of each component. In other words, the bars show the general tendency for each
variable and the points show the range of variables. For example, if the pressure over the blank holding area on the last
third of the die-closure is analysed, a mean value of 3 MPa is observed. However, some particular maximum random
values of 17-23 MPa are also observed for 2 out of the 19 components. According to contact pressure, it tends to rise
during the forming process reaching the maximum value in the final stage; at the same time that the needed press
force arises, to form the material into the final shape. The pressure rises in the blankholder area and inner ring at
the end of the process, because thickening of the material occurs and as a result more pressure is generated. In the
inner flat areas (male and female) contact does not happen until the die is perfectly closed. In a similar way, in the
inner radius and die inlet radius, even though the sheet is retained during the whole process, there is no a significant
contact until the tool really closes. Finally, regarding the groove radius inlet/outlet and the bead radius, it is shown that
as the blankholder is closed from the initial drawing step, a considerable contact pressure occurs from the beginning

of the process and slightly increases due to thickening as well. When it comes to velocity tendencies, it may increase
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or decrease depending on the tool area and not its geometry itself. Nevertheless, if we analyse the drawing direction
flow through the groove outlet radius, the inner ring, the die inlet radius, the inner areas and the inner flat areas the
differences might occur due to the thickening of the material and its subsequent restriction. In general, areas where
there is no thickening show an increase in sliding velocity, which means that material flow significantly increases at the

final stage of the drawing, even the velocity of the press is lower.
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Fig. 3. Contact pressure and sliding velocity tendencies and ranges for initial, intermediate and final part of the
forming process. a) Contact pressure in flat areas b) Normalized contact pressure in curved areas c) Sliding velocity in

inner areas d) Sliding velocity in outer areas

4 Conclusions

The results show the importance of pressure and velocity ranges determination for different tool areas. Contact
pressure within a numerical model differs from the smallest considerable and homogeneously achievable contact, (=1
MPa) to 100 MPa. Nevertheless, different contact pressure and velocity ranges should be covered by area, being the
pressure lower at flat areas and velocity ranges similar (at flat-curved areas). To summarize, the pressure and velocity

ranges should be determined for every tool area and performed at the friction test that represents best:

¢ On the one hand, in the case of flat areas, the average contact pressure value is 3MPa. In some particular
cases, this pressure might arise to higher values up to 15 MPa.
¢ On the other hand, in the case of curved areas, the average contact pressure values arise up to 20 MPa but

maximum values of 100 MPa can occur in the peaks of contact area.
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¢ Finally, and regarding velocity, inner areas have sliding velocities around 20-25 mm/s whilst in outer areas
the average value is twice that value (50 mm/s). Maximum values oscillate around 100 and 200 mm/s

respectively.
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