


Multimech is a material simulation
software tool that helps companies
accelerate the product development
lifecycle by virtually predicting failure in
advanced materials. It is a multiscale
finite element (FE) software platform
that extends the flexibility and robust-
ness of the finite element method
(FEM) down to the microstructural
level, strongly coupling the macro and
micromechanical/thermal response and
integrating material parameters with
part design. Along with this multiscale
technology, Multimech includes many
features that help facilitate the

Facilitating the microstructural modeling

and materials engineering process

microstructural modeling and materials
engineering process. It enables you to:

e Zoom into the material microstructure
to identify the root cause of failure
and see what damage mechanisms
affect structural performance

e Account for manufacturing
variability and imperfections to
maximize product reliability

¢ Optimize the material microstructure
for the most cost-efficient performance

¢ Create and test new and
existing composites
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Automatic generation of complex,
3D FE microstructures

Import process-induced variation
data and automatically convert it

to microscale, including volume
fraction and fiber orientation tensors
to simulate injection-molded parts

Perform implicit and explicit True
Multiscale finite element analysis

Multiscale nesting scheme
allows modeling of a virtually
unlimited number of scales

Advanced algorithm allows for
accurate damage modeling,
including multiscale transition of
micro-cracks into macro-cracks

Automatic insertion of
cracks or cohesive zones

Accurately model fiber-resin
debonding and fiber rupture

Model the effect of individual
microscale constituents, including
their interactions, volume
fractions, spatial distribution

and orientation and fracture
toughness, among other factors
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e Fully parallelized and scalable on

both standard multi-core desktops/
laptops and high-performance
computing (HPC) infrastructures

Available as a standalone software or
as a plugin for most major computer-
aided engineering (CAE) platforms

Fast results due to our proprietary
mathematical formulation and
data compression algorithm



“The accuracy and speed
afforded by Multimech
and its efficient integra-
tion with commonly used

commercial finite ele-
ment software packages
is changing the way we
develop new materials
and interact with our
customers.”

Nicolas Cudré-Mauroux
Chief Technology Officer
Solvay

Multimech key features

e True Multiscale technology

e Automatic generation
of microstructures

¢ Finite element solver
— Linear and nonlinear
— Explicit and implicit

e Progressive damage evolution

e Tube and pressure vessel

e Reverse engineering via optimization

e Accurately model any

e Automatic crack initiation e Full control over accuracy level and

and growth 1,000x faster than traditional FE2

e Structural and material optimization * Integrated with Abaqus CAE,

ANSYS Workbench, Simcenter 3D

optimization

multiphase material




Providing versatility

Multimech can be used with
Simcenter™ 3D software, ANSYS soft-
ware and Abaqus software. Multimech
for Simcenter 3D, Multimech for Ansys
and Multimech for Abaqus are applica-
tions that allow complex multiscale
simulations to be run in the native
environment. This analysis, powered by
our patented True Multiscale technol-
ogy, extends the FEM down to the
microstructural level, coupling the

macro and micromechanical/thermal
response. These applications include all
the features Multimech has to offer for
facilitating the microstructural model-
ing and materials engineering process.

Delivering significant features

User interface

The Multimech user interface allows
users to easily generate a wide range of
customized microstructure models. This
includes automatically creating and
importing microstructure geometries
and meshes, creating and assigning
material models, fine-tuning additional
preferences and boundary conditions
and launching mechanical and thermal
analyses.

Multimech solver

The Multimech solver is an FEA solver
that can perform thermal/mechanical
simulations on either global or micro-
structure models. When running
multiscale simulations or microstructure
parametric studies, it can run in parallel
across multiple threads, increasing
computational efficiency.

Leveraging third-party plugins

The Simcenter 3D, ANSYS and Abaqus
Multimech plugins enable the
Multimech multiscale analysis to be run
with the other finite element analysis
(FEA) software platforms. Within the
third-party CAE environment,
Multimech options become available
for users to create microstructure
models and assign to specific regions
of the global model. Other features like
de-homogenization, mapping fiber
orientation data and defect insertion
are also available.



Modules available

Automatic microstructure

geometry tool

The automatic microstructure geometry
tool is a simple dialog box that takes
parameters specific to microstructure
geometries and automatically creates
the specified geometry and mesh.

The parameters include the inclusion’s
shape and size, volume fraction, orien-
tation and mesh refinement. The tool
works by randomly inserting the
inclusions to represent the geometry
realistically and allows for multiple
shapes of inclusions.

Data mapper

The Data mapper allows processing
simulation results (including the
Fibersim™ portfolio, Moldflow and
Moldex3D) to be mapped onto a struc-
tural mesh. Furthermore, Multimech
will automatically create microstruc-
tures based on these results and assign
it to the appropriate element.

ViscoLab

ViscolLab processes dynamic mechanical
analyzer (DMA) data, outputting a
viscoelastic material model that can be
used by Multimech.

Multimech app

The Multimech app automates work-
flows for specific applications of
Multimech. There are currently three
available applications:

Virtual allowables — Automatically
calibrates a unidirectional carbon fiber
reinforced polymer microstructure
model based on lamina level data and
performs multiscale analyses for mul-
tiple standardized composite
certification tests.

Tube/pressure vessel optimizer -
Performs burst pressure analysis and
optimization on tube and pressure
vessel geometries.

Virtual DMA - Performs a virtual tem-
perature and frequency sweep DMA test
on a specified microstructural model.




Multimech specifications

Import:

e Abaqus (.inp) ASCIl format
¢ Gmsh (.msh) ASCII format
¢ Injection molding data

¢ Moldex3D

¢ Moldflow (.XML)

Supported platforms:
e Windows (x86_64)
e Linux (x86_64)

Material models:
e Elasticity
— Isotropic thermoelastic
— Orthotropic thermoelastic
— Isotropic continuum —
damage thermoelastic
e Viscoelasticity
— Isotropic thermo-viscoelastic
with aging
— Isotropic continuum damage
thermo-viscoelastic with aging

e Elasto-plasticity

— Isotropic Von Mises thermoplastic

¢ Cohesive zone models

— Linear decay

— Bi-linear

— Bi-linear rate dependent

— Tvergaard

— Allen nonlinear viscoelastic

— Material interface

(automatic crack/CZ insertion)

¢ Contact models

— Elastic frictionless

¢ Multiscale material models
— Microscale RVE
— Microscale cohesive zone RVE

¢ Diffusion models
— Isotropic Fourier
— Isotropic Fourier (thermo active)

Simulation details:
e Analysis
— Two-way coupled FE multiscale
solver
— Quasi-static (implicit)
— Dynamic (explicit)
— Thermal diffusion

— Thermo-chemo — mechanical
coupling

“When it comes to multiscale
analysis and bottom-up
prediction of complex materials,

Multimech has no peers.”

Matt Jackson
Senior Research Scientist
Solvay

Automatic generation
of microstructures

— Woven composites

— Continuous fibers

— Chopped fiber composites
— Particulates

— Voids

Progressive damage
— Multiscale failure models

— Automatic insertion of cracks
(or cohesive zones)

— Automatic correction of
interpenetrating interface elements

— Continuum damage models
— Element deletion

— Stiffness reduction

— Variety of failure envelopes

Services available:

e Consulting

e Training

e Custom software development





http://www.siemens.com/software
http://www.linkedin.com
https://twitter.com/siemenssoftware
https://www.facebook.com/SiemensDISoftware
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https://www.plm.automation.siemens.com/global/en/legal/trademarks.html

