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Artificial intelligence for complex materials

Max Planck researchers present a new deep neural network for predicting
materials’ mechanical behaviour

Predicting the mechanical behaviour of all the systems that surround us, from
vehicles and spaceships to bridges and skyscrapers, is essential for safety and
design. Since more than 300 years, scientists know how to cast the underlying
physics into a mathematical formulation, and thanks to technological progress a
huge collection of numerical tools and methods have been developed to
computationally solve the complex equations and predict correct answers in
various mechanical problems. However, solving these equations directly
consumes time and gets more difficult, the more complex the system is, forcing
researchers to use approximations rather than all variables of the system. Now,
a huge step towards accurate and fast predictions of complex materials’
mechanics was made. Scientists from the Max-Planck-Institut far
Eisenforschung (MPIE) and DeepMetis, a venture specialized on artificial
intelligence in Berlin, used deep neural networks to calculate local stress in
complex materials and this, up to 8300 times faster than a standard solver would
do. They published their latest findings in the journal npj Computational
Materials.

“Our latest work shows how all these calculations can be replaced by machine
learning. Instead of solving the equations directly, we developed a neural
network that can learn the physics and predict correct answers to complex and
nonlinear mechanics questions simply by looking at a large set of data.”,
explains Dr. Jaber Rezaei Mianroodi, head of the MPIE group “Computational
Sustainable Metallurgy” and first author of the publication. After being trained
with precomputed correct physical responses, the neural network is able to
predict solutions to problems and configurations it never encountered during the
training. Much like an experienced engineer who develops an intuition for
complex mechanical problems and is able to make educated guesses in
seconds, the network appears to learn the underlying physics and predict
solutions in microseconds. The network's predictions are orders of magnitude
faster than conventional solvers despite of the nonlinearity or complexity of the
system. Unlike conventional solvers, which require an iterative (trial and error)
approach to solving nonlinear problems, the trained machine learning solver is
not iterative.

“This method can replace the conventional solvers and enhances our
understanding of multiscale and multiphysics problems. Our solver consumes
orders of magnitude less computation time, opening up new possibilities for
advanced material models. Incorporating our machine learning technique will
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help us make the models more predictive and realistic as it allows to optimize
even more complicated systems.”, says Dr. Nima Siboni, expert for artificial
intelligence at DeepMetis and alumni of the MPIE. The researchers will now
extend the flexibility and scope of the machine learning approach to make even
more accurate predictions. They also plan to investigate other important
equations that are time-consuming to solve using conventional methods.
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Looking at lot’'s of precomputed correct answers, machine will learn the hidden
relationships between the simulation input and output. Once trained, it can predict
correct solutions in unseen simulation configurations, in fraction of the time needed for
conventional calculations. That is exactly what the MPIE’s new solver does. Copyright:
J. R. Mianroodi, Max-Planck-Institut fur Eisenforschung GmbH
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The international team of the Max-Planck-Institut fur Eisenforschung conducts advanced basic materials research for the fields of
mobility, energy, infrastructure, medicine and digitalisation. The focus lies on nanostructured metallic materials as well as
semiconductors, which are analysed down to their atomic and electronic scales. This enables the MPIE team to develop new,
tailor-made structural and functional materials embracing their synthesis and processing, characterization and properties, as well
as their response in engineering components exposed to real operating environments.
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