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Abstract

The springback in sheet metal stamping can be described as the
change of sheet metal shape compared with the shape of the tools
after forming process. There are many nonlinear factors, which
include contact and impact, friction, large deformation, large
displacement, large rotation, elastic and plastic material characters,
will influence the forming process and result in the product
disfigurement such as wrinkle, break and springback. Springback
leads to the difficulty in die design. Currently, sheet metal materials
with high strength-to-modulus ratio such as high strength steels and
aluminum alloys are widely applied to the construction of car body,
and these materials are particularly prone to springback. Therefore,
how to find an effective and reliable method for springback
prediction is very important.

Due to complicated factors, no precise theory can express the
springback. The finite element method (FEM) is popularly used to
simulate the springback in sheet metal stamping, but the springback
average error of the benchmark is over 62%, the results of
springback prediction are not satisfying, and the springback
prediction cannot directly apply to die design.

In this paper the springback prediction of the V-shape part is
completed combined the FEM with data mining technique. Finally
the mathematics model of the springback prediction is built as

follows.
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The springback simulation is finished by FEM in sheet metal
stamping. Here, the dynamic explicit method is adopted to calculate
the forming and the static implicit method is used for calculating the
springback after forming process. The reliability of the numerical
simulation is verified by the benchmark of U-shape deep draw
springback in numisheet’93.

The springback of V-shape part in sheet metal stamping is used
as the study object. The tensile tests of the sheet metal materials are
achieved and the relative parameters such as stress, strain and strain
ratio are gotten. The die design of V-shape tools is finished. The
springback experiments in sheet metal stamping are carried out on
Zwick tension machine, and the springback angles are measured.

According to the material tensile test, the elastic and plastic
material model coefficients are identified by genetic algorithm, and
the genetic algorithm code is compiled with VC++6.0.

Using the data mining technique to predict the springback needs
enough information, the even design idea is introduced to arrange
the simulation scheme. There are five important factors, which
include the virtual stamping speed v, the penalty factor fc, the ratio
of die mesh density to blank mesh density ed, the ratio of die fillet
radius to blank mesh density eb and friction coefficient £, are
considered.

Based on the simulation scheme, the springback simulations are
completed by using ANSYS/LS-DYNAS.71 FEM software and my
compiling the APDL code. Comparing the -calculations and
experiments, the difference between the two results are taken as
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source data, and then the data mining methods are used to analyze

the springback error data. Lastly the mathematics models are

established and the springback error can be controlled less than 10%.

The mathematics models can be divided qualitative analysis results

and quantitative analysis results as follows.

The qualitative analysis results are realized by pattern
recognition. The hierarchical optimal map recognition (HOMR)
method is adopted to build the hyper-polyhedron model and get the
boundary equations which control the springback error is less than
10%. The appending random data have verified the correction of
mathematics model.

The quantitative analysis results are achieved by statistics
methods. The BP neural network algorithm and HOMR method are
adopted to establish the mathematics model and the leaving one
method verifies the good springback prediction results.

Combining FEM with data mining technique, the others
examples that include using different material model and using
different blank are analyzed and verified. At the same time, some
useful conclusions are gotten.

Key words sheet metal stamping, springback prediction, finite element
method, data mining, numerical simulation, tensile test,
stamping experiment, genetic algorithm, even design idea,
pattern recognition, hierarchical optimal map recognition,
statistic regression, step regression method, BP artificial neural

network, material model
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