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Digital End-to-End-Process

Assembly, Overall A/C
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Virtual Design Virtual Production Virtual Testing Cex;;itg:tlion ! EASA

- Close cooperation w. industry, e.g. @ Airbus: FPO, flight physics, structures, systems, testing, DDMS
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Manufacturing Simulation

Overview DLR
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Manufacturing Simulation

Overview DLR
(_‘)_ Injection Virtual autoclave
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Data

Exchanges Simulation

* Physical data

= Mechanical data

= CSM data

= | pads & BC
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= Temperature, ...

= Constituents, ...

= Discretization, ...

vampire

= Model data

= Part data
= Nodes
= Elements
= Int.-Points

= Conservation data

Results
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Implementation
Model — Functions

. Schuster, VMAP User F

i DLR

» |dealization & theory-independent
model generation

Stochastic &
FEM 890

* Probabllistic modeling
& manipulation

field_value
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Implementation il I
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Implementation
Results — Access Abagus data

In memory

::.7,;'.. DLR

Preprocessing vampire  Postprocessin
L] —_— "4

* Investigated open source libraries: e T~a o
” ~ - -~
; . ” =~ - -
« PyAbaqus » pyvlife-odbclient s .
« AbaPy  In-house tools y ‘ /> ‘ '
* Implementation features :
o Result database Extraction tool Data access
« Data acquisition by means of
Abaqus python API {('DC3D8', 'HFL'): {'bulk': {},
'data': array([[ 1.00000000e+00, 1.00000000e+00, 1.00000000e+00,
° Read a|| avai|ab|e I’ESU": typeS / -2.75148878e-14, 7.42573562e-16, 1.64136949e-071,
. elementtype and [ 1.00000000e+00, 2.00000000e+00, 1.00000000e+00,
(curr. elemental, nodal) @ timesteps  ciementai result L1 500000000000, 3000000000000, 1000000000000
. . name 1.54062164e-14, 7.42573562e-16, 1.64136949e-07]1,
 Subselection pOSSlb'G / [ 1.00000000e+00, 4.00000000e+00, 1.00000000e+00,
Rawdata -1.16332725e-13, 4.74825664e-15, 1.64136949e-071,
. . . [ 1.00000000e+00, 5.00000000e+00, 1.00000000e+00,
« Data storage: Slmple datatypes (||St,d|Ct) -2.75148878e-14, 2.55198914e-15, 1.64136949e-071,
[ 1.00000000e+00, 6.00000000e+00, 1.00000000e+00,
. e . . . -5.13516164e-14, 2.82340497e-15, 1.64136949e-071,
» Serialization — pickle protocol in python column description [ 1.00000000e+00, 7.00000000e+00, 1.00000000e+00,
-3.91544097e-14, 2.55198914e-15, 1.64136949e-07],
\ [ 1.00000000e+00, 8.00000000e+00, 1.00000000e+00,
-1.16332725e-13, 2.06206529e-15, 1.64136949e-0711),
"header': ['ZLEIC Z:", 'LOCAL ZI?TETZ??IC', ':EIE",TTZT,TL--Z', 'EFLA', 'EF;;', 'EF;I)'],
"meta': { '"location': '"INTE }‘P:}-fT(’)?Ii?flffif' } ,
"type': ''}}
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Code Example

vampire.datamodel.simulation Simulation
seaborn sns

inputFile = os.path.join(

os.path.dirname(
)
sim = Simulation()
sim.readModel(inputFile)
sim.readResults(inputFile)

data = sim.results.getTimeSeriesNodalData(
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Simulation object definition
Define input files with mesh and result data

Required result parser inferred from file extension

(explicit solver name possible)

DLR



Code Example

vampire.datamodel.simulation
seaborn sns
inputFile = os.path.join(
os.path.dirname(
)
sim = Simulation()
sim.readModel(inputFile)
sim.readResults(inputFile)

Simulation

data = sim.results.getTimeSeriesNodalData(

sim.export(os.path.dirname(
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Use of generic access routines
Selected results as ordinary
pandas DataFrames

DLR



Code Example
DLR

vampire.datamodel.simulation Simulation
seaborn sns
inputFile = os.path.join(

os.path.dirname(

)
sim = Simulation() Easy use of common functions to plot data
sim.readModel(inputFile)
sim.readResults(inputFile) 470 4 identifier
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Code Example
DLR

vampire.datamodel.simulation Simulation

seaborn as sns VMAP File Export

inputFile = os.path.join(
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Code Example

vampire.datamodel.simulation Simulation

seaborn sns
inputFile = os.path.join(
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Manufacturing Simulation
Results

. s Virtual autoclave
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Summary A#y
DLR

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
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