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Introduction: additive manufacturing S HH
— 2 T R & A &
Project aim: Use digitalization to improve how robot welding of steel is used for additive manufacturing
Manufacturing process Materials characterization Simulations

Wire Laser (WLAM) Wire Arc (WAAM) Measurement of grain orientation Thermal process simulations

3D-scan Hardness
Simulations of microstructure

\

! Bundesministerium
D S : a n >~ |ICONPrO % Frau n hOfer SI E M E N S % fiir Forschung, Technologie
Plasma-Laser-Technologie nnnNnn Iwr und Raumfahrt
Al | \\ Deutsches Zentrum
DLR fir Luft- und Raumfahrt

Besser fiigen. ’\ij

| :
Technologiezentrum



Data challenges

0SCdl.

Manufacturing

process

Numerous process parameters
Heterogenous sensor data
Partners with different conventions

Experts from

different domains

Materials
_— characterization
Definition of sample IDs

Heterogenous data types
Varied measurement devices
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Process
simulations

Numerous input parameters
Very large data sets
Complex data types
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Process ontology for WAAM and WLAM

Knowledge Base Builder, kdb Files (Modules)

Hatch Processing Head
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Adaptive Processing
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Node from Knowledge Graph Module CAD/CAM Preparation

* Modularization in main nodes due to complexity
» Definition of the semantic background and data format in Protégé

Development (Literature).
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Creation of a process knowledge graph with detailed information on the various heat sources

A Common Data Dictionary and Common Data Model for Additive Manufacturing is under

Protégé, owl File
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CAM-Processing

ContourStrategy

ContourEnergy

ContourMaterial SupplyRate
ContourPowderFeedRate
ContourWireFeedRate

ContourOffset

ContourRepetition

ContourToolOrientation

ContourVelocity

Hatch Strategy

ContourDistance
HatchMaterialSupplyRate
HatchPowderFeedRate
HatchWireFeedRate
HatchSpacing
HatchToolOrientation
PatchDecomposition
PatchOverlapp
PathEnergy
Pathlinitialisation
PathOrienation
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From datasheets to semantic graph database =SS

Conventional representation of microstructure data PMD-compliant triple-store database

F indable
. L A ccessible
Datasheet for microstructure characterization
| nteroperable
@ R eusable
s Microstructure analysk ILT AU V001 P001 s SR
Oy 3 H
riveerret Generic class:
! 7~ 9. Summary of results for ILT AU V001 P001
T SC_TrackA_ _ mea?ﬂ_reﬁ’]?”tf
| 3 [ Mepsurement I/ viation —li Value - -
e e
/ey Specimen D] i 333
/ Dilutior . J DZD i \7 177 _
10| DefeciDensityPores 1 D0_Pore e Unit Value
Sample D |1_| DefectSizePores ] DS_Pore pm |
,

Value: 67.2
Unit: wt.%

Measurement = —
4 Measurement-224 )

______________________ Specific class: measurement
of iron concentration

Sample

1 Class instance:
measurement of
a sample’s iron
concentration

Semantics:
Iron concentration in the primary
phase, in weight or atomic percent
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Web-based frontend to search and display data

Atomistic data
+ Simple tabular view of all data
« Simple bar chart with basic filtering

DiMadDB © cove - oo Mo Yo 040 25, PET
Browse Measurements
Measurement 4 sample #Specimen vl
Al v Al All J 0 Y Filter ]
Visualization Viner Prase Fracion Fer AU Vo1 PO0T Tracke o
Wefor Phase Molybdenum Concentration FEF AU V001 POOT Track A 26
Major Phase Manganese Cancentation FEF AU V001 POOT Track 8 16
Integra Nickel Concentration FEF AU V001 POOT Track 08
- — 6ss
BiMiadDB e K Plot ~ #aChat" " Graph @ About - BB | [ & sotines
8500
Plot Measurement by Sample L
Measurement: Sample: 2146
Major Phase Fraction v Al v 001> 11 BD=Y
Process: Alloy: Sort: NaN
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area

Complex data, e.g. fields

* Use of linked data principle to access complex
simulation results in CKAN data portal

* Integrated interactive viewer for 3D data

CKAN
data portal

DiMiadDB 2 oowse - rot - mac ~*Graph @ About 8- I

Browse Simulations
Simulation:

PTM_316L_Aus_2D_30.10nm

PTM_316L_Aus_2D_30_10nm Spatial Chrome cgccmvl‘suallzatlon

Simulation Parameters Simulation Results Min:  17.719185
Mo 22057228
§ 5 o § Mean: 18.218
Austenite Fraction Liquid Fraction
0651 0349
The overall fraction of austenite phase within the The overall fraction of
material

Molybdenum Concemnlioq C I | C k Nickel Concentrati
3.006 wt.% . i

The overall concentrat
and regions of the maf

The overall concentration of molybdenum across al
phases and regions of the material

silicon Concentration Spatial Austenite Fi
0.4wWt.% 4§ PTM_316L_Aus.
The overall concentration of siicon acrosk all phases The spatial distributiof
and regions of the material within a representativel
material
Spatial Chrome Concentration Spatial Ferrite Fract o
4§ PTM_316L_Aus_2D_30_10nm.concCR.vti 4§ PTM_316L_Aus.
The spatial distribution of chromium concentration The spatialdistrioutioBl] (L 7| (e vawom coavem | [TascgaraT oweon 3
within a representative volume element (RVE) of the representative volumel
material
Spatial Manganese Concentration Spatial Molybdenus - - -
4§ PTM_316L_Aus_2D_30_10nm.concMN.vti 4§ PTM_316L_Aus_2D1501 = 5-2D_30_10nm. E
The spatial distribution of manganese concentration The spatal distioution of molybdenum concentration The spatial distribution of nickel concentration within a
within a representative volume element (RVE) of the within a representative volume element (RVE) of the representative volume element (RVE) of the material.
material material,
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Light-bulb moment

Graph database + web frontend =» easy and fast access to the entire project dataset = new insight
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Minor Phase Fraction vs Major Phase Spacing

ferrite fraction

faster cooling = more residual ferrite

dendrite spacing
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phase field simulation
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= solidification mode depends on cooling rate

stationary tip velocity vs [cm/s]
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Al agent for database queries: No hallucinations! FH it
. . | N | | @ RV |
I = = W WHE
PREFIX : <http://dimad.aixvipmap.com/db/microstructurei>
SPARQ" database query PREFIX dc: <http://purl.or;/dc/elements/’l.1/) e
. PREFIX owl: <http://www.w3.0xg/2002/07/owli>
WhICh 5 Samples have the PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-nsi>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schemait> Advantages
hl hest iron Concentration? PREFIX xsd: <http://www.w3.0rg/2001/XMLSchemai>
g . SELECT ?sampleName WHERE { . AI t I d b d
?specimen :isSpecimenOf ?sample . agen can on y pl’OVI e answers ase
?specimen :hasMeasurement ?measurement . .
?measuxement rdf:type :IntegrallronConcentration . on SPARQL the database querIeS
?measurement :MeasurementValue ?value . 9 N h ” . t
?sample :Sampleldentifier ?sampleName .
BIND(xsd:decimal(?value) AS ?decimalValue) 0 a UCIna IonS
t ORDER BY DESC(?decimalValue) LIMIT 5

» Al agent chooses the reasoning strategy
to answer complex questions
» Use previous questions as context

* Prepare response in human-friendly form
Natural language chat

give me the samples with highest integral me conc (top 5)

Here are the top 5 samples ranked by highest Integral Molybdenum Concentration (IntegralMolybdenumConcentration). Units are wt.%: See poster and
1. FEF DU V005 POOT— 3.4 Wt.% demonstrator by
2. FEF DU V005 P002 — 3.3 wt.% Lukas Koschmieder
3.ILT DX V002 PO04 — 3.1 wt.%

4. FEF AU V002 PO09 — 2.9 wt.%
5.ILT AU V001 PO0T— 2.9 wt.%

Would you like the underlying measurement records (IDs, specimen links, or raw MeasurementValue/MeasurementUnit) for any of these samples?
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FAIR ontological database for additive manufacturing with Al-powered interface

/ Ontology \ / Database \ / Al \ / Frontend \

Knowledge graph Centra data store Natural language Graphical user
and access guery interface

G =

\ OWL / \Apache]ena-CKAN/ \ GPT e LangChain / \ Vue.js ® FastAPI /
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