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VMAP AS A KEY ENABLER FOR THE 
SUSTAINABILITY & COMPONENT QUALITY 
ASSESSMENT OF COMPOSITE 
MANUFACTURING PROCESSES BASED ON 
SIMULATIVE APPROACHES



Further information:

www.dlr.de/vph

Digitalisation in Aeronautics & Virtual Product 
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Digital Aircraft Virtual Certification Digital Twin

Airbus
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http://www.dlr.de/vph


Digital End-to-End-Process
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→ Close cooperation w. industry, e.g. @ Airbus: FPO, flight physics, structures, systems, testing, DDMS

Virtual 

Certification
Virtual Design Virtual TestingVirtual Design

Virtual 

Certification
Virtual Testing

[Airbus]

Virtual ProductionVirtual Production

[Airbus]

Further information:

www.dlr.de/vph

http://www.dlr.de/vph


Manufacturing Simulation
Overview
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Virtual autoclave

Fibre volume content

Degree of cure

Temperature

Heat transfer

On specimen surface f(time):

@ final state:

Injection

Deposition &

Preforming

Curing

@ final state:

Gaps & overlaps

Requirements



Manufacturing Simulation
Overview
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Injection Virtual autoclave

→ point cloud based results

Curing

→ 2.5D based unstructured meshes

3D FE-Model

Mesh Interpolation

→Need for standardized data

schemes and tools!



Data
Exchanges
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Model Results▪ Physical data

▪ Temperature, …

▪ Mechanical data

▪ Constituents, …

▪ CSM data

▪ Discretization, …

▪ Loads & BC

▪ Model data

▪ Part data

▪ Nodes

▪ Elements

▪ Int.-Points

▪ Conservation data

vampire

Simulation



• FEM:

• Exodus

• MOAB

• Silo

• VMAP

• XDMF

• Particles:

• H5Part

• CFD:

• CGNS

Data
Standardization – Data types
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Numerical 

implementation 

data

Connecting

data

Math, physics 

& mech. 

idealization

data

• Nodes

• Elements

• …

• Sections

• Loads & BC

• …

• Materials

• Composites

• Crosssections

• …

• Results

Heavy data

Light data

cosmo

R
e

fe
re

n
c
e
s

• Solution
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Model Results



Implementation
Model – Functions

▪ Conversion plugins

8

AnsysAbaqus

Ansys.
Geo

b2000

GmshExodus

Gmsh.
Geo

LS-
Dyna

PeridigmNastran

VMAP VTK

AnsysAbaqus

b2000 Exodus

NastranGmsh

(RTM-
Worx)

io

▪ Idealization & theory-independent 

model generation

▪ Probabilistic modeling

& manipulation

PD

Stochastic

FEM

XDMF

VMAP

(Virtual 
autoclave)
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Implementation
Result I/O
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Input data

In memory

vampirePreprocessing Postprocessing

Mesh discretization storage

FE-Resultdata

handling

Model Results

API pynastran,h5pymedcouplingsimples ?

file data access

python scripting

file output



▪ Simplified from UML

▪ Based on user stories

▪ Expandable

Implementation
Results – Data structure
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ModelResult

Contains dataframes

Result

TimeStep-

Results

Perturbation
-State

TimeStep

State

Eigenvalues

ModelState

PartState

EnergyState

VariableState

FEState

PDState

NodalState

SectionState

ElementState

Integration-

State

…



Implementation
Results – Access Abaqus data

• Investigated open source libraries:

• Implementation features

• Data acquisition by means of 

Abaqus python API

• Read all available result types

(curr. elemental, nodal) @ timesteps

• Subselection possible

• Data storage: simple datatypes (list,dict)

• Serialization → pickle protocol in python
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Result database Extraction tool Data access

• PyAbaqus

• AbaPy

• pylife-odbclient

• In-house tools

In memory

vampirePreprocessing Postprocessing

https://pypi.org/project/pyabaqus/
https://abapy.readthedocs.io/en/latest/
https://pypi.org/project/pylife-odbclient/


Code Example

12
A. Schuster, VMAP User Forum, 18.02.2025

• Simulation object definition

• Define input files with mesh and result data

• Required result parser inferred from file extension

(explicit solver name possible)



Code Example
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• Use of generic access routines

• Selected results as ordinary

pandas DataFrames



Code Example
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Easy use of common functions to plot data



Code Example
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VMAP File Export

Nodal data

Element data

Transient steps



Code Example

16
A. Schuster, VMAP User Forum, 18.02.2025

VMAP File Export

Selected node



Manufacturing Simulation
Results
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Curing

Mesh Interpolation

Virtual autoclaveInjection



▪ Tools and processes for simulation-based assessment of composite structure

manufacturing processes developed at DLR

▪ Extensible storage approach for discretization based FE model and result data

▪ Pre- and post-processing interfaces to various tools and solvers available

▪ seamless integration of VMAP standard into tool-chain of selected project usecase

▪ Next steps: interpolation of data from injection and autoclave simulation to target

CFRP structure required for curing simulation

Summary
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