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ABSTRACT: A two step burr-free blanking process is investigated, where the deformation due to the preceding deep-
drawing process is taken into account. FEM simulations have been carried out using a nonlocal damage model to obtain
mesh independent results. It is shown how the parameters of the damage model influence the failure in the blanking
process. Furthermore the simulations are validated with the measured contour and hardness of the part in different stages
of the process.
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1 INTRODUCTION
The last step in a multi step metal forming process using
progressive tooling as shown in Figure 1 is the separation
of the finished parts from the strip of steel. To obtain a
burr-free product this blanking process is carried out in
two steps [1]. First a groove is pressed into the sheet and
next the grooved sheet is blanked from the opposite direc-
tion. Now smooth edges are obtained with a fractured part
located in the middle of the sheet, where in conventional
blanking a burr is formed at one of the edges.
The objective is to avoid separation during groove form-
ing and obtain separation during blanking. This process is
modelled to investigate the consequences of the selection
of other materials, with different ductility than the cur-
rently used ones, on the sheared edge of the product and
the robustness of the process.

2 FEM MODEL
During the last ten years a lot of articles have appeared
on the FEM simulation of blanking, which show a vari-
ety of damage models, remeshing and crack propagation
algorithms. Some recent articles are [2–5].
The studied blanking process can be approximated with an
axi-symmetric model. The following approach has been
used:

1. The relevant forming steps before blanking (draw1
and draw2) are modelled with Crystal, an in house
FEM code suitable for modelling multiple forming
steps, to obtain a good estimate of the state variables
before groove forming.
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Figure 1: The investigated multi-step forming process.

2. The burr-free blanking (groove forming and blank-
ing) is modelled with the explicit FEM code LS-
DYNA. A limited domain, a ring of material around
the blanking zone, is used with an initial state based
on the previous forming steps.

Here a nonlocal damage model is applied, which will be
described in Section 3. Remeshing is used and crack prop-
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agation is modelled with an element kill procedure for
completely damaged elements.

3 NONLOCAL DAMAGE MODEL
The nonlocal damage model presented here is based on
the work of Mediavilla et al. [6]. Nonlocal damage models
are used to avoid the mesh dependency problems of local
damage models. The local damage driving variable z is a
function of the local stress and strain history as defined in
Equation 1. The triaxiality σh

σeq
in this equation proves to

be important factor [7].

z =

∫
εp

〈1 + A
σh

σeq

〉εB
p dεp (1)

The nonlocal damage driving variable z̄ is obtained using
a Helmholtz partial differential equation with a Neumann
boundary condition (Equation 2). l is the internal length
scale, which controls the width of the localisation bands
and n the outward normal on the boundary Γ.

z̄ − l2∇2z̄ = z; ∇z̄ · n = 0 on Γ (2)

The evolution of history parameter κ is according the
Kuhn-Tucker loading-unloading conditions.

κ̇ ≥ 0; z̄ − κ ≤ 0; κ̇(z̄ − κ) = 0 (3)

The degradation of the material properties ω is calculated
from the history parameter κ using a damage evolution
law. Here a linear law is used, the degradation initiates at
κi and the material fails completely at κu.

ω = 0 for κ < κi

ω =
κ − κi

κu − κi

κi ≤ κ ≤ κu (4)

ω = 1 for κ > κu

The yield stress is calculated using a strain hardening
function h, which competes with the softening due to
damage.

σy = (1 − ω)h(εp) (5)

This damage model is implemented in LS-DYNA, using
the user subroutines UMAT43 and UCTRL1. An operator
split method is applied in which the damage is kept con-
stant during an increment. The calculation of the nonlocal
damage from Equation 2, which requires the solution of a
system of equations, takes relatively much time compared
to the time needed for one increment in an explicit FEM
code. Therefore the nonlocal damage is only updated ev-
ery n-th (typical 100) increment.
The material used in this paper is a martensitic stainless
steel in the annealed (ferritic) state. The initial hardness is
140 HV. An isotropic VonMises model is used with Nadai
hardening (Equation 6). Strain-rate effects are not taken
into account.

h(εp) = 818(−8.5 · 10−3 + εp)
0.217 (6)

h(εp) = min(270, h(εp))

The parameters of the damage model (Table 1) are not de-
termined experimentally yet. The length scale l is a ma-
terial parameter, which determines the width of localisa-
tion bands. The larger the value of l the more ductile is
the response of the material. However the nonlocal model
requires that the used element size in the simulation has
to be smaller than l. Therefore often some compromise
is made between accuracy and efficiency, but a too large
length scale leads to non-physical behaviour. Different
values of κi and κu have been used.

Table 1: Damage parameters

A 3.0 l 10 µm

B 0.0 κi 1.0-2.0
κu 4.0-8.0

4 RESULTS

Tests have been carried out in the production line. The
punch displacement has been adapted to create samples in
different stages of groove forming and blanking. The final
depth of the groove is about half the sheet thickness. The
clearance for blanking is 14% of the initial sheet thick-
ness. From all samples the contour of a cross-section and
the hardness has been measured. These data will be used
to validate the simulation results.

The size of the initial ring shape before groove forming
simulation is based on the deepdrawing simulations and
agrees with the measured shape as shown in Figure 2. The
outer diameter decreases and the thickness increases about
10% during the drawing steps.
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Figure 2: Shape before groove forming.

A constant initial plastic strain εp = 0.3 is used in the
groove forming simulations, which is an average of the
plastic strain in the flange at the end of the drawing steps.
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Figure 3: Measured hardness (HV) before and after groove forming.

Figure 4: Axial-displacement (left) and degradation ω in groove forming before (middle) and after failure (right), κi =

1; κu = 4.

Figure 5: Nonlocal damage z̄ after groove forming (left) and blanking (right), κi = 2; κu = 8.

It is assumed that no damage has been developed during
drawing as the triaxiality in the flange is negative. The de-
formation due to conventional blanking of the outer edge
before drawing is not taken into account, but is clearly
visible in the measurements. The radial displacement of
the boundary at the inner radius is suppressed at sufficient
distance from the deformation zone. Remeshing is used
with a constant mesh size of 5µm, which leads to a to-
tal number of about 35000 elements. A Coulomb friction

coefficient of 0.1 is applied for the contact with the rigid
tools.

During groove forming the deformation will localise into
a shear band as shown in Figure 4. The groove depth at
which failure occurs depends on the the ductility of the
material, punch shape and the prestrain from the previous
drawing process [8]. This prestrain reduces the obtainable
groove depth.

The hardness before and after groove forming, given in
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Figure 3, shows an increase in hardness in the groove,
but the resolution is not large enough to capture any shear
bands. The material is mainly pushed outwards (Figure 6),
which supports the assumption that the blanking process
can be modeled on a limited domain.

Increasing the ductility by selecting larger, more realistic
values for κi and κu postpones the failure. Now failure
is avoided during groove forming and the separation oc-
curs during the blanking operation (Figure 5). The mea-
sured and calculated contours after blanking have a simi-
lar shape as shown in Figure 7. The used outer radius of
the ring before groove forming has been taken too small,
which difference can be seen in all stages of the process.

Phenomena like tool wear, tool deformation and misalign-
ment, which seem to be present in the measured contours,
leads to small deviations between simulations and experi-
ments.
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Figure 6: Shape after groove forming.

5 CONCLUSIONS

The burr-free blanking process can be simulated com-
pletely using the described FEM model. The nonlocal
damage model gives a meshsize independent solution.
The results agree with the measured data, but can be im-
proved with more accurate material and process data. The
damage parameters should be determined experimentally
to increase the predictive capabilities of the model.
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Figure 7: Shape after blanking.
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