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TASK/MOTIVATION



Task

▪ Virtual product development

▪ Multiple simulation steps

▪ Methods e.g.:

▪ Numerical

▪ FEM

▪ Peridynamics

▪ …

▪ Semi-analytical

▪ Ritz

▪ …

▪ Analytical

▪ Central for each method: 
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Task
Example: Digital design process aircraft moveable

▪ Each tile

▪ Assessment capabability → Process

▪ Requires input, delivers output → I & O

▪ Basically same information, vendor-specific formats
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E.g. DLR Virtual Product House
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Task
Steps
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Model

Results

Parametric model

generation

→ Input

Postprocessing
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Mapping

State transfer
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APPROACH



Model

Mech

Phys

Math

MechanicalPhysical

Approach
Hypothesis

▪ Subdivision of information that makes up a model possible → based on level 

of assumptions & theories → object oriented approach

7 NumericalMathematical



Approach
Base entity

▪ Description:

▪ Entity

▪ Model

▪ Value

▪ Example

▪ ElasticityEvolution

▪ Subtypes not 

complete

▪ Schema also 

applicable to 

nonlinear or non-

cauchy value types
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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
Base entity

▪ Property-Model-Value example
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ValueModelProperty

= 𝑓(𝑇, 𝑝, ሶ𝜀, ⋯ )



Approach
Compound entity

▪ Collect base entities

▪ Do not have models, just values, because models are contained in attributes

▪ Example: Material

▪ Current value implementations:

▪ CohesiveMaterial

▪ ContinuumMaterial

▪ DatabaseMaterial
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Approach
Hierarchy development
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▪ Search of model components

▪ Goal: expandable, modular

▪ Example: ContinuumMaterial
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𝜎

𝜀
Initiation

Evolution

Phases

Continuum

Material
Mechanical

General

Thermal

Phases

Properties Expansions

Dampings

Evolution

Initiation

Criterion

Limit

…

…

Thermal

Hygral

…

…

…

…

+ Properties

…

…

…

…

Electrical …

Failure



12

IMPLEMENTATION



Implementation
Data types
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Implementation
Goals

▪ Solver-agnostic CSM model & result data format

▪ Differentiation between
▪ Numerical discretization-dependent information → „Heavy“ data

▪ Model information → „Light“ data

▪ Heavy data:
▪ Usage existing format

▪ Preferrably based on well-known format, supported by libraries

▪ Visualization

▪ Light data:
▪ Programming language independent 

▪ Machine readable

▪ Human readable

▪ Single-source of truth
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Serialization format → JSON, XML, YAML, …

→ REST ready

Alternatives

• FEM:

• Exodus

• MOAB

• Silo

• VMAP

• XDMF

• Particles:

• H5Part

• CFD:

• CGNS



Simulation
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VMAP

VMAP, type-dependent



Implementation
Approach

▪ Hierarchical, object-oriented data 

structure

▪ Implementation in Java-based 

backend jMeS (Java Mechanics Suite)

▪ Usage of JAXB 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, …
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Abstract superclass

Implementation

Attributes

https://en.wikipedia.org/wiki/Jakarta_XML_Binding
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EXAMPLES



Examples

▪ Implementation

▪ Demonstration
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Link to heavy data file

Light data



Examples

▪ Implementation
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Geometry

CSM



Examples

▪ Implementation
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Load & boundary condition (LBC) state

Solution

Subcases



Examples
Machine readable formats

▪ Fully automatic 

generation by 

selection of 

serialization goal
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JSON XML

YAML



Examples
Machine readable formats

▪ Automatic XSD schema generation 

during code compilation

▪ Automatic translation to code:

▪ C++: codesynthesis

▪ Python: generateDS

▪ Java: Jackson

▪ …
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Examples
Meta information

▪ E.g. reference to ID‘s from number-

based formats (e.g. Nastran, LS-

Dyna) for internal String UUID 

approach

▪ Currently:

▪ Description

▪ Reference

▪ Source

▪ Modularly expandable

▪ Applicable to most DTO‘s
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Examples
Solver-dependent information

▪ Will never achieve complete solver-

independence

▪ Solver-independent information addable

▪ Example: ElementTypeManagers

▪ Fully expandable w.r.t.

▪ Solution method preferences

▪ …
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ECO-SYSTEM



Eco-system
IO plugins

▪ Conversion from & to solver-specific 

formats using io-plugins
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AnsysAbaqus

Ansys.
Geo

Exodus

Gmsh.
Geo

Gmsh

LS-
Dyna
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VMAPPeridigm

VTK XDMF

AnsysAbaqus

b2000 Exodus

NastranGmsh

VMAP

io

▪ Usage from python with Py4J 

interface

▪ Software engineering:

▪ Testing

▪ Documentation

▪ CI/CD

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
Visualization

▪ XDMF export

▪ Useable by

▪ ParaView

▪ VisIt
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▪ Automated postprocessing enabled, 

e.g. by pvpython

from paraview.simple import *

# create a new 'XDMF Reader'
resultxmf = XDMFReader(registrationName='result.xmf', 
FileNames=[‘E:/result.xmf‘])

# show data in view
resultxmfDisplay = Show(resultxmf, renderView1, 
'UnstructuredGridRepresentation‘) 
resultxmfDisplay.SetRepresentationType('Surface With Edges')

# create a new 'Warp By Vector'
warpByVector1 = WarpByVector(registrationName='WarpByVector1', 
Input=resultxmf)
warpByVector1Display = Show(warpByVector1, renderView1, 
'UnstructuredGridRepresentation')

# create a surface points selection
SelectSurfacePoints(Rectangle=[783, 505, 783, 505], Modifier=None)

# Create a new 'Quartile Chart View'
quartileChartView1 = CreateView('QuartileChartView')

# show data in view
plotSelectionOverTime1Display = Show(plotSelectionOverTime1, 
quartileChartView1, 'QuartileChartRepresentation')
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CONCLUSION



Conclusion
Current

▪ Hierarchical information storage based on level of assumptions 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

▪ Use of common solver-agnostic internal data format with solver-dependent 

extensions to convert from & to solver-specific formats possible 

▪ Proof of concept in io plugins

▪ State:

▪ By no means feature-complete

▪ Hierarchy converging, yet not free of refactoring
29



Conclusion
Next steps

▪ On our way to open source

▪ Goal:

▪ Hierarchy development & standardization

▪ jMeS backend directly linked to hierarchy creation, but is just one reference 

implementation

▪ Further hierarchy development possible independent of backend, e.g. similar to CPACS

▪ Looking forward to feedback
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https://cpacs.de/
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