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Specialization Siemens Energy, Project-Coordinator: %‘F,"é‘%"\?

Internationally leading German manufacturer, among others, of stationary
turbomachinery

Specialization MTU Aero Engines: @

Internationally leading German manufacturer of aircraft engines
Specialization KSB: m KSB

One of the leading manufacturers of pumps and valves

Specialization BAM: ; BAM

Deformation mechanisms at the microstructural level

Specialization IWM Freiburg: Z Fraunhofer

Description of objects and processes, knowledge graphs & causal inference
Specialization TU Darmstadt: :a

Objective parameter determination and meta-modeling
Specialization MPA Stuttgart: MD  Unversiat Satgar

Data-based characterization and evaluation of the microstructure

Specialization Otto-von-Guericke-University Magdeburg: (%
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Motivation and project objectives .ame SIEMENS
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Industry needs and pain points
with regard to advanced material models for high temperature applications

» Accelerate the integration of new material models from research institutes into industrial use
(takes many years)

* Improve decision making regarding the choice of material models
(lack of model robustness, suitable with regard to component loading and material mechanisms)

 Reduce the time to get a material card
(finding data, automatic workflows for parameter optimization)

« Improve traceability from material card to batch specific data points
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,Digital Modelling“ - Current Situation

Viscoplastic Material
Model

Parameter Identification

Geometry
Constraints

Boundary
Conditions

Operational Loads

KORA (TUDa)

Inhouse Tool 1

CNOW (MPAS)

Inhouse Tool 2

Chaboche-Type (OvGU)

Inhouse Tool 3

Thomat + Dy (IWM)

Inhouse Tool 4
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Chaboche-Type (BAM)

Inhouse Tool n
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Finite Element
Calculation Result

o, [MPa]

% high
high
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,,Digital Modelling“ - Targeted Future Situation .s@e SIEMENS
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Finite Element
Calculation Result

& Workflow Material-Model-Library & Selection ov [MPa]

Geometry

high
32 Workflow Data Pre-Processing E

high
0 Workflow Parameteridentification |:>

M= “Generalized Materialmodel"

Constraints

Boundary [>

Conditions

Operational Loads
2= "Unit- & Workflow Testing"

5. Demonstration / Verification

It's not about the material - it's about enabling faster integration of advanced models,
- smarter and more robust model choices,

- streamlined generation of material cards,

- and full traceability from batch data to industrial application.

MATERIALDIGITAL
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Application example

> Use-Case 1-3
Component-FEA Calc.:

s« SIEMENS
wanosm.  SMCIGY

Industrial Use Cases & Demonstrators ~  =oemmmmmoeooomoooooooo
Temperature
Steam Turbine and its Critical Components

HP Outer Casing Load Profile

repeated —

HP Valve
Abbreviations

CS: cold start
WS: warm start

HS: hot start

08 1
t/Totock Tytock = 22 hrs.

Stress

UMises/SyO
Max

Abbreviations:
HP: High Pressure
IP: Intermediate Pressure

Min Min

Source: Journal of Engineering for Gas Turbines and Power DECEMBER 2023, Vol. 145/ 121007-1, Copyright VC 2023 by Siemens AG
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Technological components and infrastructure SIEMENS
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Connection between knowledge graph, workflows and model library

local material databases model library @FraunhOfer IWM
materials fati microstructure cree| del b
knowledge atigue P mode ol |WM-RAG 7 ckan @
database database database description
base L
| . ' |

virtual data fatigue data microstructure creep data executable, ’ . \
generation analysis analysis analysis source code G | t La b @BAM

knowledge graph modular model
generator
TN
Yron
parameter benchmarktest k p )
optimization result
!
GPU-server A :
P H EI e — material card —> FEM simulation
for parameter optimization | © generation
@TU Darmstadt y '
FEM
. R Approval
postprocegsmg decision
& analysis
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Our demonstrators: Example 1

ol [WM-RAG > ckan @

Chatbot to select and interact
with material models for
high-temperature applications

Example: Query the
adjustable model

parameters for a creep-fatigue
model with units and

typical values

Benefit: Can be used as

starting values for
parameter optimization

2025-05-08

Al-assisted expert system
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Please give me a table for the model parameters of the DFC model including units and reasonable values.

delete

Certainly! Here is a table summarizing the model parameters of the DFC model, including their units and typical value ranges:

Parameter

E
(\sigma_{cy})
N’

CMG

n

B1

Q

(\Omega)
(\delta D_{b0})
(\lambda)

d

Description

Modulus of Elasticity

Cyclic Yield Stress

Hardening Exponent
Monkman-Grant Product
Norton Exponent

Pre-factor in Norton Creep Law
Activation Energy for Creep
Atomic Volume

Grain Boundary Diffusion Coefficient
Distance of Creep Porosity

Grain Size

Unit
MPa
MPa
Unitless
Unitless
Unitless
(MPa("n) * s)(*-1})
kJ/mol
m("3)
m(”3)/s
pm

pm

Typical Values
50,000 - 220,000

10 - 2,000

0.05-0.5

0.01-1

1-50

2.8 for P92

620 for P92
1.18*10(M-29}) for P92
1.1*10(*{-12}) for P92
10 for P92

100 for P92
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Our demonstrators: Example 2 SIEMENS
CNercy

Pyiron GUI Environment

Defining the lower
bounds of the
selected material

A

. e

= = parameters.”

E1= SO ki

= b o o
—| — - e ‘ ‘
— - 1 b= DiffEvolOptimization
— ] . : 3 status_che
E = s - simulation_directory
— H— £ o E—— T
> - —1 ; i
— m parameters_diff_evol
> C— 8
- g e parameters_min_bound
| = parameters_max_bound o
g;E parameters_post opt ®)

|

Configuring the
parameters of the
global optimizer

| Hi{

[T
I

i

Usage of Pyiron-workflows for parameter optimization of a Chaboche-type model using creep tests
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Our demonstrators: Example 3 SIEMENS

cNercy
User friendly application
to generate graph templates
(€9 creep, fatigue ests..) tocl mateil databases modlibrary
mateiah fatigue microstructure creep model
Gra ph Desi gner knok\J/:Leedge database database database description
'
executable, i i
= source code Application to query and
e summarize
Y workflows . .
s = modularmodel = batch specific materials data
L/ - generator - links to materials data...
NS = from a knowledge graph
ya = = : - ‘ ‘ benchmarktest
N S result B Digital Material Card Generator -

&, Enter Digital Object ID (MaterialCard filename)

—  material card

4> Generate Digital Product Passport

Usage of a knowledge graphs to create a retraceable material card
— from model parameters to batch specific materials data
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Our demonstrators: Example 4

Virtual Data Generation (MPA Stuttgart)

SIEMENS
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Goal
Enlarging existing
material data sets by
synthetic material data

Method

Deep Generative Artificial
Neural Networks

Implementation
Latent variable models

- Data features x
p Generator Latent variables z
Neural weights 0
N(0,1
OV i

Create approximation of probability
distribution p(x) of features x

Variational Autoencoder (VAE)

Decoder

z=p+o-¢ &~N(0,1)
Generative Adversarial Network (GAN)

Rloies Generator

Denoising Diffusion Probabilistic
Model (DDPM)

Forward process (prescribed): Adding noise

“« « —« <« <«

Reverse process (trainable): Denoising

Example: Creep properties of 9% chromium steels

Input features x: Chemical composition, Heat treatment,

Temperature, Load, Rupture time, Rupture strain, Contraction

ciwl

Mn (%] Pl st crioal AustT(°C] Trea 2% tlh

sifo)
o020 L 100
aso oo o5
03 o
. aow0 20
0z oa0 o
030 o000 80
Ni15%] Vixl Nb (%] (% A%l TempTeC)
10 007 ooss -
o2 st e
o1
ors 008
- 016 005 &
Pt o1 008
b . 003 003

Conditional VAE

xxx

g 8
opo——
35888¢
—
8 & 8 8
H

8522 8

z
5

olmpal A%

2
58t
T EEEE)

[

Conditional GAN

Rupture Time [h]
Z[%]
Rupture Time [h]

5

§
Rupture Time [h]
5 3

Z[%]

Real Data Distribution
(~1900 data records)

Z1%]

Rupture Time [h]

Al%]

Z1%]
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Topics for community interaction

Topic 1:How to make knowledge graphs and ontology development more scalable?

* Industry partners signal the need for scalable solutions (e.g. 80% solution for different test types, heat
treatments)

« Fraunhofer IWM has supported the project DigiChrom with workshops on semantic data structuring and
the GraphDesigner App - valuable feedback

Topic 2: Development of a business model to operate the infrastructure and technology beyond the
end of the project

* Industry partners signal to us the need to operate the infrastructure beyond the end of the project
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Outlook: re-organization for final year initial values

model
(source code)

| >

pyiron
workflow

AN

li

chosen lidati material card
material VEllee] Ilon is findable and
model result accessible

)
N

o
_
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material card

unique
test/dataset
IDs

‘
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Time Schedule, Milestones & Resource Planning
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CE—
lahr 1 | Jahrz | Jahr 3 Personenmonate
' I - : _—
a1zl o3 as as as a7)as | oo latolas quzl P G | mb) (38w | mz | Ve |
Modul 1 Daten & Modell Container _ﬂ
TAP l1.a Heterogene Datenstrukturierung und Ber r “H ‘Hll ! | | | | 1 4 4
TAP 1.b Anbindung Proprietdre Daten & Modelle ”II H” H[“_,. ‘ } 0
TAPLe Kuratierung konstitutiver Modellansatze (I IHIIHH‘HIHIHHIH IllIIIIIHIIIIIHIIIH'”«P 2
Platform 2 Analyse und Synthese i i
TAP2.a _ Datenanalyse, Klassifizierung und ,Pre-Processing” 10100 A lmllﬁffﬂJlllllllllll 9 1 6
MM S
|IIHHIIIHHIIIIIII\I|I|I|I|||l||||||\IIIM‘HH\I\IIIIIIIIIIIIIII
Platform 3 Modulare Modellierung
TAP3a _Konstitutive Modellbausteine I et \IIIIIII | 36 6 | s | s
TAP 3.b Verknipfung: Ontologien und Werkstoffmodelle i E i }””"””” ) i 25
TAP 3.c Weiterentwicklung von Identifikationsprozeduren ; ; ”I”Il“”“"“”” 1l || ||||||| |||||I[I]m 12 8 6
Platform 4 Metamodellierung E ; ‘
TAP4.a Datengestitze Materialmodellierung : " |“|” “|I||| ”“m “m 2
TAP4.b Abstrahierung Materialmodell : E “|I|I| |I||||| ”““l ”m 10
Platform 5 Demonstrator / Verifizierung l ‘ ‘ .
TAPS5.a Unit- & Workflow Testing | | Il 593 6 8
TAP 5.b Workflow Absicherung & Demonstration ”””l ﬂm]]]]:[m]I | 1l 555 10,2
CE——
Per t: 3,815 21 6 24 11 30 24 28
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Contact “DigitalModelling” Project Coordinators SIEMENS
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Siemens Energy is a registered trademark licensed by Siemens AG.
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Dr. Yevgen Kostenko — Industry Partner

Siemens Energy Global GmbH & Co. KG

Siemens Energy

Gas Services

Core Technology

SE GS CLSS EN COT

Rheinstr. 100

45478 Muelheim an der Ruhr

Mobile: +49 (173) 1768582
mailto:yevgen.kostenko@siemens-energy.com

Dr. Christoph Schweizer — Research Institution
Fraunhofer IWM Freiburg

Wohlerstrafe 11

79108 Freiburg

Mobile: +49 (761) 5142 382
mailto:Christoph.schweizer@iwm.fraunhofer.de
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Thank you.




