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1 Motivation

Many researchers have been involved in the development of more accurate yield criteria
during the last four decades [1]. The performances of such models are closely related to
the flexibility of their mathematical formulation. In general, the flexibility is enhanced by
including a larger number of material parameters in the yield criterion. As a consequence,
the identification procedure needs more experimental data as input. The tests performed
for obtaining this data have gradually extended their investigation area from uniaxial ten-
sion to biaxial tension, plane-strain tension and even pure shearing. The yield criteria
involving a large number of material parameters are also more complex from the math-
ematical point of view. This characteristic represents in many cases a serious drawback,
especially when the computational efficiency is sought by the users. When the plasticity
of highly-anisotropic sheet metals must be described, the use of more complex models is
unavoidable. In these situations, the quality of the simulation results cannot be ensured
without having an accurate description of the yield surface. A reasonable balance between
the accuracy, computational efficiency, identification costs, and mathematical complexity
is achieved by the models that use seven or eight experimental values as input. Such yield
criteria have been proposed by Barlat et al. [2], Cazacu and Barlat [3], Vegter [4]. The
BBC family of yield criteria [5, 6] also belong to this class of material models. As com-
pared with other formulations proposed during the last decades, the BBC yield criteria
do not use linear transformations of the stress tensor. As a consequence, their computa-
tional efficiency is superior in the simulation of sheet metal forming processes. At present,
BBC 2005 is one of the most widely used yield criteria in industrial applications due to
the fact that it has been implemented as a standard material model in the FE code Auto-
Form 4.1.1 [6, 7].
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2 Formulation of the BBC 2005 Yield Criterion

The BBC 2005 model assumes that metallic sheets behave as plastically orthotropic mem-
branes under plane-stress conditions. This hypothesis allows describing the yield surface
by means of the equation

N�.�11; �22; �12 D �21/ D Y; (8.1)

in which N� is the BBC 2005 equivalent stress (see below), Y is a yield parameter, and �˛ˇ

(˛, ˇ = 1, 2) are planar components of the stress tensor expressed in an orthonormal basis
superimposed to the axes of plastic orthotropy: (1) rolling direction (RD), (2) transverse
direction (TD), and (3) normal direction (ND). The other stress components are subjected
to the restriction �i3 = �3i = 0 (i = 1, 2, 3) arising from the plane-stress hypothesis. The
BBC 2005 equivalent stress is defined by the following formula [7]:
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where k 2 N> 0 and a, b > 0 are material parameters, while � , � and � are functions
depending on the planar components of the stress tensor:
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The coefficients L, M, N, P, Q, and R involved in Eq. 8.3 are also material parameters.
The conditions k 2 N> 0 and a, b > 0 ensure the convexity of the yield surface defined by
Eqs. 8.1–8.3. The coefficients L, M, N, P, Q, and R are not subjected to any constraint
from this point of view.

One may notice that nine material parameters are involved in the formulation of the
BBC 2005 equivalent stress: k, a, b, L, M, N, P, Q, and R. The integer exponent k has a
special status, due to the fact that its value is fixed from the very beginning in accordance
with the crystallographic structure of the material: k = 3 for BCC materials and k = 4 for
FCC materials.

The identification procedure calculates the other parameters (a, b, L, M, N, P, Q, and
R) by forcing the constitutive equations to reproduce the following experimental data (see
[5] for details):

� Uniaxial yield stresses associated to the directions defined by 0°, 45° and 90° angles
measured from RD

� Coefficients of uniaxial plastic anisotropy associated to the directions defined by 0°,
45° and 90° angles measured from RD

� Balanced biaxial yield stress associated to RD and TD
� Coefficient of balanced biaxial plastic anisotropy associated to RD and TD
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3 Results and Applications

The Numisheet 2005 Benchmark #1 [6, 8] is used to prove the predictive capabilities
of the BBC 2005 yield criterion. The forming process under analysis involves forming,

Fig. 1 Geometry of the blank and tools used in the deep-drawing process [6] (Copyright of picture:
Springer Verlag 2010)

Fig. 2 Simulation of the deep-drawing, trimming, rigid body rotation in car position, and con-
strained springback [6] (Copyright of picture: Springer Verlag 2010)
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trimming and constrained springback. The objective of the benchmark is to assess the
springback prediction capability of various simulation programs.

The geometry of the blank and tools used in the deep-drawing process is illustrated in
Fig. 1. One may notice that the positions of the die, punch and binder are specific to the
forming operations performed on a single-action press. A thickness equalizer [8] is placed
between the die and binder to ensure a constant gap. Therefore, a zero holding force is
applied on the blank during the simulation of the deep-drawing process. The blank is cut
from an AL 6111-T4P aluminum alloy sheet with the nominal thickness 0.9 mm (see [8]
for a detailed presentation of the mechanical parameters used for calibrating the BBC 2005
yield criterion).

Figure 2 illustrates the simulation of the deep-drawing, trimming, rigid body rotation in
the car position, and constrained springback. The results shown on the colored maps have
been obtained with the AutoForm 4.1.1 finite-element program. Figure 3 and 4 give the
comparison between simulation and experimental data referring to the springback amount
at predefined measurement points. The statistical analysis shows that the standard devi-
ation between the calculated springback and the experimental results is well-controlled
under the value of 0.65 mm.

It is well-known that springback simulation is highly dependent on the capability of
the yield criteria to describe the anisotropic response of metallic sheets. From this point
of view, the results of the Numisheet 2005 Benchmark #1 prove that BBC 2005 is a very
accurate material model.

Fig. 3 Results of the springback simulation [6] (Copyright of picture: Springer Verlag 2010)
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Fig. 4 Comparison between simulation and experimental data referring to the springback amount
at predefined measurement points [6] (Copyright of picture: Springer Verlag 2010)

4 Potential

Numerous tests envisaging industrial forming processes have confirmed not only the pre-
dictive capabilities of the BBC 2005 yield criterion, but also its computational efficiency
which is a consequence of the following features [6, 7]:

1. Simplicity of the mathematical formulation arising from the fact that BBC 2005 does
not use linear transformations of the stress tensor

2. Flexibility and stability of the identification procedure
3. Possibility of being extended to more general formulations (for example BBC 2008)

[9]
4. Integration in a hierarchical multi-scale (HMS) framework using the ALAMEL crystal

plasticity model [10]

5 Conclusion

The results presented in this paper prove the ability of the BBC2005 yield criterion to
provide an accurate description of the anisotropic behavior of cold-rolled sheet metals.
The performances of the model have been evaluated using a benchmark test referring to
the deep-drawing and springback of a decklid inner panel. A very good agreement with
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experimental data referring to the springback amount has been obtained. This fact together
with the flexibility of the identification procedure recommends the use of the BBC2005
yield criterion in industrial applications.
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