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MOTIVATION



Task

▪ Virtual product development

▪ End-to-end process

▪ Multiple simulation steps

▪ Multiple partners

▪ Methods:

▪ Numerical (e.g. FEM, PD)

▪ Semi-analytical (e.g. Ritz)

▪ Analytical

▪ Different:

▪ Solvers

▪ Tool ecosystems

▪ Common ground: data
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http://www.dlr.de/vph


<material … name="mat1">
<Epar>141000.0</Epar>
<Enor>9340.0</Enor>
<nue12>0.35</nue12>
<G>4500.0</G>
<G13>3750.0</G13>
<G23>3750.0</G23>
<rho>1.7E-9</rho>

</material>

MAT8           1141000.0  9340.0    0.35  4500.0                  1.7E-9

MP, EX,1,141000.0
MP, EY,1,9340.0
MP, PRXY,1,0.35
MP, GXY,1,4500.0
MP, DENS,1,1.7E-9

*MATERIAL, NAME=mat1
*ELASTIC, TYPE=LAMINA
141000.0, 9340.0, 0.35, 4500.0, 3750.0, 3750.0
*DENSITY
1.7E-9

▪ Example: very simple material

*MAT_LAMINATED_COMPOSITE_FABRIC
$      mid ro EA        EB      (EC)      PRBA      TAU1    GAMMA1

11.7000e-091.4100e+059.3400e+03          2.3184e-02
$      GAB       GBC       GCA    SLIMT1    SLIMC1    SLIMT2    SLIMC2     SLIMS
4.5000e+033.7500e+0333.7500e+03

Task
Example: Aircraft moveable

▪ Each tile

▪ Function: Assessment → Process

▪ Data: Input, Output → I & O

▪ Basically same information, vendor-specific formats
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http://www.dlr.de/vph


Task
Steps
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Model

Results

(Parametric) model

generation

→ Input

Postprocessing

→ Output

Mapping

State transfer

→ Next input

Spatial & temporal

measurements

➢ Tool/solver-agnostic

➢ Standardized

➢ Programming-language independent

Experiment
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APPROACH
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Approach
Hypothesis

▪ Modular language vocabulary → based on level of assumptions & theories

▪ Reuse between levels
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Approach
Syntax

▪ Base entities

▪ Description:

▪ Entity

▪ Model

▪ Value

▪ Example

▪ ElasticityEvolution

▪ Expandable subtypes

▪ Compound entities

▪ Consist of base entities

▪ Only entity, value
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DOI: 10.13140/RG.2.2.31723.59682

Behaviours

http://dx.doi.org/10.13140/RG.2.2.31723.59682


Approach
Hierarchy development
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▪ Goal: expandable, modular

▪ Example: 

▪ Entity: Material

▪ Value: ContinuumMaterial

Elasticity Plasticity Damage

𝜎

𝜀
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Material
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Properties Expansions
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…

…
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Failure



Cosmo
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Approach
Hierarchy development

▪ Simplified, for complete simulation
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Discretization-dependent

Discretization-dependent, type-dependent

➢ Complete information to

create solver input file

➢ Storage of results



• FEM:

• Exodus

• MOAB

• Silo

• VMAP

• XDMF

• Particles:

• H5Part

• CFD:

• CGNS

Approach
Hierarchy realization
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IMPLEMENTATION



Implementation
Cosmo standard creation

▪ Hierarchical, object-oriented data 

structure

▪ Implementation in Java-based 

backend jMeS (Java Mechanics Suite)

▪ Usage of JAXB, Jackson annotations 

across hierarchy to denote

▪ Abstraction

▪ Attribute types

▪ Annotations understood by de-

/serialization libraries

▪ E.g. Jackson, MOXy, …

▪ Allows creation of schema, e.g. XML

▪ Creation of XML, JSON, YAML, …

13

Abstract superclass

Implementation

Attributes

https://en.wikipedia.org/wiki/Jakarta_XML_Binding
https://github.com/FasterXML/jackson


Implementation
Cosmo standard definition

▪ Automatic XSD & JSON schema 

generation during code compilation

▪ Automatic translation to code:

▪ C++: codesynthesis

▪ Python: generateDS

▪ Java: Jackson

▪ …

▪ Result:

✓Tool/solver-agnostic

✓Standardized

✓Programming-language independent
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Implementation
Examples

▪ Implementation

▪ Meta data

▪ Solver-specific extensions

▪ As meta information

▪ E.g.

▪ Element type managers

▪ Solution parameters
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Link to heavy data file

Light data



16

ECO-SYSTEM



Eco-system
Modeling

▪ Conversion plugins
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AnsysAbaqus

Ansys.
Geo

Exodus

Gmsh.
Geo

Gmsh

LS-
Dyna

Nastran

VMAPPeridigm

VTK XDMF

AnsysAbaqus

b2000 Exodus

NastranGmsh

VMAP

io

▪ Idealization & theory-independent 

model generation

▪ Probabilistic modeling

& manipulation

PD

Stochastic

FEM

https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.abaqus
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.ansys
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.b2000
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.exodus
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.gmsh
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.nastran
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.in.impl.vmap
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.abaqus
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.ansys
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.ansys.geo
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.exodus
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.gmsh
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.gmsh.geo
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.lsdyna
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.nastran
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.peridigm
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.vmap
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.vtk
https://gitlab.dlr.de/jmes/code/mech.numerx/mech.numerx.func.io.out.impl.xdmf


Eco-system
Results & postprocessing

▪ Visualization: XDMF export

▪ Useable by

▪ ParaView

▪ VisIt

▪ Postprocessing lib MCODAC
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▪ Automated reporting, e.g. via pvpython
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CONCLUSION & OUTLOOK



Conclusion & outlook

▪ Hierarchy with modular syntax possible

▪ Grind: E.g. mech.object.dto project → 2891 

classes, interfaces & enums

▪ Used as input/output for several DLR tools

▪ Analytical methods

▪ Model generators

▪ FEM data handling & postprocessing

▪ Interaction with commercial & open source 

solvers demonstrated

▪ State:

▪ By no means feature-complete

▪ Hierarchy converging, not yet free of refactoring

▪ On our way to open source
20

https://gitlab.com/jmes_project

https://gitlab.com/jmes_project
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