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Prediction of B-Pillar Failure in Automobile Bodies

Summary

The B-pillar is an important load carrying component of
any automobile body. It is a primary support structure for
the roof, and is typically a thin-walled, spot-welded,
closed-section structure made from high strength steels.

As part of the validation process, the B-pillar can be ex-
perimentally loaded at quasi-static rates until failure™. The
force and displacement of the impactor are measured to
get valuable insight into the stiffness characteristics of the
structure.

During the past two decades, crashworthiness simulation
of automotive structures has proven to be remarkably
good, largely because the finite element codes being
used can accurately predict the plastic bending and
stretching deformation mechanisms that occur in
stamped metal parts.

Abaqus/Explicit offers a general capability for predicting
the onset and evolution of damage in ductile metals. The
Muschenborn-Sonne forming limit diagram (MSFLD)
damage initiation criterion allows for the prediction of
necking instability in sheet metal. When combined with
appropriate damage evolution criteria, sheet metal rup-
ture initiated by necking can be captured in an Abaqus/
Explicit simulation. In this Technology Brief, the MSFLD
criterion is employed to investigate the failure of a B-pillar
structure. Abaqus/Explicit results are shown to match well
with experimental data provided by BMW.

Background and Analysis Approach

The B-pillar failure test is not required by any federal
regulations. The purpose of this test is to determine the
load carrying capacity and stiffness of the structure,
which is deliberately loaded to failure. A picture of the B-
pillar experimental test shown in Figure 1. In the figure,
the B-pillar is the vertical, orange member of the automo-
bile body structure.

The geometry and mesh of the finite element model are
shown in Figure 2. All the sheet metal parts are modeled
with small-strain shell elements for computational effi-
ciency. Parts are joined together with mesh independent
spot welds. Turnbuckles, which constrain the vehicle
body to the rigid floor, are modeled with truss elements.

1 The testing has been performed solely for validating crash simulation
software and does not represent or suggest any actual internal design
criteria.

Key Abaqus Features and Benefits

e Ductile metal progressive damage and failure
modeling with the Miischenborn-Sonne forming
limit diagram damage initiation criterion for rate-
dependent elastic-plastic material

e Mesh independent spot welds

e Abaqus/Explicit automatic general contact

The experimental loading is applied quasi-statically, at a
rate of 2 mm/s. An Abaqus/Explicit quasi-static analysis
conducted in its natural time scale would result in an ex-
cessive run time. To increase the efficiency of the analy-
sis, the loading event is accelerated by prescribing a ve-
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Figure 1: B-pillar experimental test (photo courtesy
BMW Group)
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Figure 2: Model geometry and mesh
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locity boundary condition of 2.5 m/s to the reference node

of the rigid impactor. Figure 3: Force-displacement history — experimental
result and Abaqus/Explicit without MSFLD initiation
criterion

A tensile load of 3 kN is applied to each turnbuckle in the
first 10 ms to pre-stress the structure. To bring the struc-
ture into equilibrium, no load is applied on the B-pillar for
the next 10 ms. The velocity boundary condition is then
applied to the impactor. The impactor reaction force and
displacement histories are monitored. General contact is
defined for the entire model.

The material properties for all the sheet metal compo-
nents are characterized by Mises plasticity with isotropic
hardening. Three separate damage initiation criteria are
used; ductile, shear, and MSFLD. Each damage initiation
criteria has an associated displacement-based damage
evolution criteria. The results that follow will highlight the
importance of including the MSFLD criteria in the simula-
tion of sheet metal rupture associated with necking.

Results and Discussion

An initial simulation was done with only the shear and
ductile damage initiation criteria; the MSFLD criterion was
not included. A mesh of typical size used in crashworthi-
ness analyses (characteristic element length of 6-8 mm)
was employed.

Figures 3 and 4 show the resulting force-displacement
curve and the deformed shape respectively. The force-
displacement curve from the simulation compares rea-
sonably well with that from the experiment. However, in
the absence of the MSFLD initiation criterion, the simu-
lated structure does not fail completely and continues to
carry load throughout the analysis.

In a second simulation using the same mesh, the MSFLD
initiation criterion was included in the material model, so
that all three initiation and evolution criteria were active.
Figures 5 and 6 show the force-displacement curve and
the deformed shape, respectively, of the experiment and
the simulation. The improvement in the simulation results
is clear. Representative Mises stress and equivalent plas-
tic strain results are presented in Figure 7, showing how

Figures 4a, b: Experimental result and Abaqus/Explicit simu-
lation without MSFLD initiation criterion. In this view, the im-
pactor is behind the B-pillar (photo courtesy BMW Group).

2
25 SIMULIA



I 1
—Tes

—Simulation with MSFLD

Aﬂ(\"m
el

Impactor Force

Impactor Dis placement

Figure 5: Force-displacement history — experimental re-
sult and Abaqus/Explicit with MSFLD initiation criterion
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Figures 6a, b: Experimental result and Abaqus/Explicit
simulation including MSFLD initiation criterion. In this

view, the impactor is behind the B-pillar (photo courtesy
BMW Group).

Figures 7a, b: Representative Mises stress and equiva-
lent plastic strain results, Abaqus/Explicit simulation in-
cluding MSFLD initiation criterion

the development of the crack initiation zone is captured
by the simulation.

For extremely large displacement of the impactor, a mesh
with regular element sizing does not capture the complete
separation of the structure that is observed in the experi-
ment. To evaluate the effect of mesh refinement on the
crack propagation and failure, the region of the B-pillar
where the crack initiates was re-meshed, with an average
local element size of 1.5 mm. The locally refined mesh is
shown in Figure 8.

Figure 9 shows the comparison of the force-displacement
curves for the two analyses. Figure 10 shows the separa-
tion of the B-pillar in the simulation with the refined mesh
and in the experiment. The results with the refined mesh
show improved correlation with the physical test. The re-
sults indicate that a mesh size of 6 to 8 mm is appropriate
to predict the area of stress concentration and the crack
initiation, but a refined mesh may be necessary to predict
crack propagation accurately.
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Figure 8: Locally refined B-pillar mesh, with average re- Figure 9: Force-displacement history — experimental re-
fined element size of 1-2 mm sult and Abaqus/Explicit with MSFLD initiation criterion

and refined mesh

Figure 10: B-pillar final separation: experiment (left) and Abaqus/Explicit with MSFLD initiation criterion and refined mesh
(photo courtesy BMW Group)

Conclusion

It has been shown that Abaqus/Explicit can be used to simulate the extreme deformation, failure, and contact conditions
that arise during the experimental determination of B-pillar quasi-static strength. The damage initiation and evolution ca-
pabilities of Abaqus/Explicit permit the accurate determination of failure in sheet metal associated with necking instability.
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For additional information on the Abaqus capabilities referred to in this brief, please see the following Abaqus 6.11 docu-
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e Analysis User's Manual
— “Damage initiation for ductile metals,” Section 23.2.2
— “Damage evolution and element removal for ductile metals,” Section 23.2.3
— “Defining general contact interactions in Abaqus/Explicit,” Section 34.4.1

— “Mesh-independent fasteners,” Section 33.3.4
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