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Project Framework

Gantt chart

0 Task / Project month =

WP 1: Extension of existing process
and material models

WP 2: Laboratory processes,
material characterisation,
data analysis

WP 3: Data management platform,
data and interface
management

WP 4: Generalisation of data
management

WP 5: Validation of the models in
industrial demonstrators

WP 6: Documentation and report
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Research Project

Coupled Process Chain Modelling
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» Analysis of existing process models - Data exchange with a ,data platform®
— Data basis — Uniform data formats
— Considered physical quantities — Semantic annotation

— Defined interfaces

* Define relevant input and output data for coupling
« Unified execution environment for process models

* Model adaptation / model extension
— Providing output data
— Use of new input data
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Data management and simulation platform

Linking of data and models
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Data management and simulation platform

Structure of the simulation platf

Programmed with Python3 language
on Linux operating system

Communication with the user through a
Flask based RESTful API

stateless
HTTP protocol
JSON message format

Data storage in MongoDB, MinlO and
Redis

Components are running on their own
Docker containers as services

orm

00110010101 11100111000
11001100100 011110011...

Wrapper library

Wrapper scripts

—p>

[[H

Upload und download process and

simulation data

Generating the data structure
Automatic unit conversion

Docker container

)
.’

Configure and start the

simulations
Communication with the
. platfrom’s API
docker

Executable software package,
which contains every element for
running a simulation

Several containers can run
simultaneously

Encapsulates its content
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Data management and simulation platform

Structure of the simulation platform
Data upload

and download @

Container runtime environment Container runtime environment

Operating system Operating system
Hardware
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Data storage

* API is stateless

— Use of database storage technologies

MongoDB
« NoSQL
« Storage for metadata

» Speicherung einzelner Ergebnisse

 JSON-LD (JavaScript Object Notation
for Linked Data)

"sosa:cbservedProperty™: {
"@type": ["qudt:Quantity", "sosa:0bservablePr
"gudt:hasQuantityKind”: [{"@id": "cpmProces€:atmosphereTemperature”}y,
"rdfs:label": "Temperature in the oven 84",
"ssn:isPropertyof”: {

"@id": "http://acplt.org/individual/gpkm/factory/pRpductionUnits#ovensd”,

"@type™: "cpm:ProductionUnit”

\
- What kind of
"cpm:relativeAccuracy™: 8.81, measurement’)

"sosa:hasResult": |
"@type”: ["sosa:R

4Pl L
"gudt:unit”: {"@ic m l

t:QuantityValue"],

What value?

"qudt:numericval

1
I

MinlO

Object storage

Arbitrary data formats (e.g. zip)
Multidimensional data (matrices)
HDF5 (Hierarchical Data Format)

Redis
RedisQueue stores its data in Redis
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Data management and simulation platform

Database structure

Collection ,datasets” Collection ,simulators”

° ID 4..............,__...... ° ID 4.........................<..._.,._. ...........
« observations ™, « Docker container

* metadata registry URL

e.g. creator -« metadata

.
.
L
0
............

Collection ,input

e ID e ————.
"y
.
.
.
.
.
.
.
.

« simulator (ref)

 data

%+ metadata

‘e
‘e
LN

.
.......
o

. mongoDB.

Collection ,step”

e ID @—
« simulator (reference) -
« external_input (ref)

« previous step (ref) -~ ”
« dataset (output) (ref)
- metadata :

*
‘e
.
.
.
‘e
O
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g
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Data management and simulation platform

Automatic simulation execution

« Technology: Redis queue and Redis worker
Workflow:

Base worker runs on the host and waits for setting up a
simulation queue

For a simulation queue a new worker will be generated
With the start of a simulation queue the assigned model
worker starts the next simulation container

As the simulation finishes the container will be terminated
The model worker starts the next container in the gqueue
until it finishes the whole queue

Parallel simulations can be started
The platform API sets up the queue, after that the states
are only stored in the gueue — The API stays stateless

-

e& 2 4 7 9

21 2% 31 37

Source: https://de.wikipedia.org/wiki/Warteschlange_(Dats

.

enstruktur)#/media/Datei:Queue_algorithmn.jpg
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Data management and simulation platform

Worker

 Functions:

List containers
* Run container

o Pull |mage Queue I|St PID I|St

«  Kill container \

) \

. running_workers:burst = [burst:pid:simulation, ..]

© SEtwWorkers  (u——

. Get workers running_workers:noburst = [ ]

burst:pid:simulation = [4797, 5446, ..]

Redis

\

Storing actual process states
PIDs

* Prevents processes to

become orphan

Uses the same Redis

database as the RQ
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Simulations

 Unified execution environment: Docker (if possible)

Docker Registry

I
5
I
5
= V
5
I
<0
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Simulations

 Unified execution environment: Docker (if possible)

» Upload to local Docker Reqgistry
 Contaioner execution by RQ-Workers?

— Pull Container
— Start next container in the Redis-Queue

1 https://python-rqg.org/docs/workers/

i
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Simulations

 Unified execution environment: Docker (if possible)
» Upload to local Docker Reqgistry

 Contaioner execution by RQ-Workers?

— Pull Container Docker Registry
— Start next container in the Redis-Queue Worker
— If depends_on condition used, wait until previous l

job successfully executes

» Upload and download of the
datasets inside of the container

run(Sim#22)
run(Sim#10)
run(Sim#04)
run(Sim#22)

Queue:
Simulation

1 https://python-rqg.org/docs/workers/
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Remote simulation execution

Task-server
* If no dockerisation possible (e. g. no os compatibility, license bound to a certain computer)
 Flask server running on the remote machine —
* Executes command {[ e 1 oo atrectony”

= sent by the client (a docker container in the platform) ;
. Command configuration 1 “grep. - *some_pattern’ /sone/other/directory”

= Server checks, whether the requested command | e petRelyeurgustonseriet mropten vete

is permitted .

= Stores the path to the executable

« Sandbox environment {

"1s": "/bin/ls",

= For every execution, new sandbox env generated e
- Inputs and the executable are than loaded e e o P oot e ven i

= Results are sent back to the client
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Security assessment

Inhaltsverzeichnis
Security in und mit der Plattform............oe e 1 Client-App API-Server
Anforderungen...................
) Benutzer
Rollen und Zugriffsrechte )
RISK ANGIYSIS ... oo oo oo 4 Zugangsdaten eingeben
Y F=T £ =T o Ty g =T o USSR 5
ANWENAUNGSDEISPIEL. ... 6 Authentifizierung
Sicherstellung der Verflgbarkeit.......... ..ot 8
Integration der FAIR-Prinzipien in das Projekt Authentifizierung anfordern
"Gekoppelte Prozesskettenmodellierung”................cooooiiiiiii e 19 g
Token zurlicksenden
B RSB Spp.
( L Sub t APl Anfi
Anforderungen aufstellen ‘ o [Subsequen nfragen]
l Token mit Anfragen senden
Vulnerability-orientierter Uberpriifung der Zugriffsrechte/Rollen
Asset - Bedrohung- ) T e .
Ansatz
e
Verifizi des Tok
’ identifizierte Bedrohungen ’ e IZ]emn%...e.s._Ao e
\ ‘ ----- ,‘
/ alt  [Token valid und die Rolle hat
S/ Zugriffsrechte]
y \
/ Woher \ Datenzugriff gewahren
stammen diese \ RO
Bedrohungen? alt [Token invalid oder keine
Zugriffsrechte]
T
Datenzugriff verweigern
B P ap R
Vom System selbst Von drauBen
Client-App API-Server
Safety-MaBnahmen aufstellen} [Security-MaISnahmen aufstellenJ Benutzer
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Security assessment

send results start simulation
&>
Local Docker . . . . MongoDB MINIO Local Docker . . MongoDB MINIO
e o

= ~ Simulation A and Simulation B

4 Platform Platform =R ( ) | 1) T Platform
B i i

Simulation C ...
— —L—J_ Tar Platform
Y R Platform e
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Data management and simulation platform

Outlook
« TODO: Final report

* Possible future project topics
Frontend, user interface If you are interested In the data platform,

Failed job management please feel free to contact us.

Process optimisation

Real-time simulations

Deployment in cloud environment
Access management, logging

Automatic reasoning based on ontologies
Distributed system

Test mode
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Demostrator — Speira & AluNorf / speira RLUNORF

Quality improvement through reduction of ear formation in aluminium can production
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Aluminium Demonstrator

Preheating Cold rolling > Sheet metal forming

N~

Alu. sheet producer Alu. can producer

Typical process chain of aluminium can production

Aluminium can body with straight ___| strong or irregular ear

edge after trimming operation | " formation

cup —| & ™~ deformed can body

Speira GmbH

Ear formation during aluminium can production
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Aluminium Demonstrator

MOt|Vat|On ) Equivalent
. strain
Ear formation due to anisotropic material behaviour high

* Microstructure not correctly set

* Incomplete recrystallisation

* Rolling texture due to hot rolling process
* Precipitates

low
_ _ Anisotropic properties |sotropic properties
Uncoupled simulation models
 Different data formats Influence of anisotropic material behaviour on ear
 Simulation of complete process chain - Time and cost formation

expensive task

— Generation of material wastage through trimming of edges
— Shutdown of ultra fast can production process
— Economic efficiency of the process chain decreases
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Aluminium Demonstrator

Goal:

« Minimization of ear formation by optimization of hot rolling process

Approach:

Coupling of process data and simulation models using a central data platform

« Extension/Modification of the hot rolling and earing model

« Validation of the simulation models

« Implementation of the concept for model coupling and generation of aggregated data

Analysis of the aggregated data to optimize the hot rolling parameters

*  Provision of aggregated simulation and process data pia data platform

* Analyzing the correlation between ear formation and hot rolling parameters
* Determination of the optimum hot rolling parameters
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Aluminium Demonstrator

Extension/Modification of the hot rolling and ear model

Analysis of existing models

= Nein

° P roced u re fo r p rocess an d m Od e | d ata m an ag e m e nt " b? dQ,{@ﬂgllrtnft Thermodynamik DB (intern aus verschiedenen DBs zusammengesucht)
. e) Anbin ung,_’ ntegration ] ] ) )
« Management of input and output parameters Presessmenls it anderen Sofware Kompanerten. — 9 9%
* Questionnaire study - area of application, existing interfaces, " Simlatonamodslis b Steubraysiome nachiogender Prosessschile welergeqsber?
f . . . — Prozessmodelle sind gekoppelf
software technology, maintainability, archiving + wenn . Versetzungsclobie, Temperatur

« wenn ja: Wie starke Kopplung?

= manuelle Weitergabe von Daten (als Datei),

Definition of transfer parameters and analysis of interfaces * et Usker e Probdorstetenkon,Solgmbonken odr el e
. g . . . . weitergegeben?
 ldentification of physical variables and their transfer O S—
. . « wenn ja, handelt es sich um ,Cloud-basierte” Software (d.h. Software-as-a-Service-
— Spatial and temporal resolution Aogeboy? N

Nur Produktionsdaten werden archiviert, Prozessmodelldaten nicht

— Number of dimensions Requirements analysis conducted
— Data processing - data formats, data exchange technology through questionnaire

 |dentification of coupling variables to achieve the goal
« |dentification of model extension requirements

Implementation of the model extensions
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Aluminium Demonstrator

Considered to be a fixed
process for this project

Preheating Hot rolling Cold rolling Quality test

punch l

Die holderl l

——H-H

process/Test

T . } _

I [ Hot strip ]

T
_J pass schedule

I Temperature evolution

A 4

Hot rolling ]
Sim.

|

Simulation
Model

I Recrystallized
I fraction

|
I
t
| Cold strip
I earing measurement
v

[ Earing Sim. ]

[ [
Hot strip | 1 Cold strip

ear characteristics | | ear characteristics

4

pass schedule
Temperature epolution
Recrystallized fraction

process
Data

v A4
Cold strip ear measurement

Cold and hot strip ear

T Processes relevant
characteristics

for this project
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Aluminium Demonstrator

Validation of hot rolling model:

« Validation experiments conducted by Speira GmbH
« Comparison of simulation and experimental results show good accuracy for coil Temperature

Rolling Force Rolling Moment Temperature
1.0 ] 1.0 B4 1.0 ,-"‘
¢ pass 1 * pass 1 ’ o Ist
c 0.83 c 08 . ) .. Temp.
IS pass 2 % T pass c 075 e :yro.
B 066 E $ ass 3 = 8 ¢ emp.
£ a° pass 3 E o6 P 3 BG4 Coil
® 050 » pass 4 @ pass 4 E 050 e
— s e wn o o®
=z > 0.4 —_— o o°
= 033 < O
T = o2 025 e
0.16 '
0.0 - 0.0+ 0.0s"
00 016 033 050 066 0.83 1.0 0.0 0.2 0.4 06 08 1.0 0.0 0.25 0.50 0.75 1.0
Fr [MN], Experiment Mg [KNm], Experiment T [°C], Experiment

Comparison of rolling force, rolling moment and coil temperature during hot rolling using
experimental data and a simulation model
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Aluminium Demonstrator

Validation of ear model:

« Validation experiments conducted by Speira GmbH
- Ear formation measured after both hot as well as cold rolling
« Comparison of experiment and simulation results show good agreement for hot strip ear formation

o
H
w
=
Y

Experiment
0.875

------ Simulation

0.750 “HEIN
0.625 3
0.500

0.375

D

0.250

N

0.125

Error ear height [%0]
Zot strip (Simulation) [%]

o
o
o

0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 0 2 4 6 8 10 12 14

Angle [°] Angle [°] Lot strip (€XPEriment) [%0]

Normalized ear height [mm]

Comparison of hot strip ear characteristics calculated using the experiment and simulation model
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Aluminium Demonstrator

Concept for coupling of simulation models and process data

[ Input/ Output

)

Model / Calculation

|

Data platform

]

e

~

-
User Input - =
\_ J
4 _ A Management and
Hot rolling data _ _,| filtering algorithm
(.xIsx) (.py)
\_ J
4 )
Quality test data _
(.xIsx)
. 7\ J
' JSON

t
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

User Input:

Paths of production and quality files
Number of ears

Management and filtering algorithm:;

Check cold strip earing measurements for errors
Determination of material id

Identification of hot rolling data with material id
Production and quality data saved as .JSON

Automated start of simulation, extraction and saving of
simulation results as .JSON

27
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Aluminium Demonstrator

(_Input/Output )
Concept for coupling of simulation models and process data
[ Data platform
| A 1 f
: : 1.JSON | JSON
Simulation data: v ! ? !
: : : : ' Cold strip ear production
([ ] I 1
Preparation of model input f'le bl ro|||n?t|to)8rameters : measurement M Measurement and Sim.
— .JSON to .tbl for hot rolling model ' : (.ana) |
— .JSON to .ana for earing model | : | :
- Execution of the simulations ! |
: : : Hot rolling model : Earing model I Data analysis
* Extraction of simulation results (.exe) : (.exe) :
« Conversion of simulation results to .JSON ! :
- Saving simulation data together with the Y ! y ! y
. . I
production and quality data as .JSON Recrystallized fraction | | | Hotand cold strip ear | | .
- | | Data analysis results
(.xIsx) I characteristics (.txt) :
I
M Json | —JsoNn |
e e e = = 1 L e e - — |
28 28" Nov, 2023  Semantic interoperability of heterogeneous process models I . — .‘ ‘b ‘ m ‘ anul
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Aluminium Demonstrator

Concept for coupling of simulation models and process data

(_Input/Output )

Model / Calculation
| Aggregate data

|

]

Data platform

t h ! t :
: 1 .JSON ' 1 .JSON I .xIsx
v | \ 4 |
) . / \  [FE——— Cold strip ear | production, _
I (.tbl) | measurement 'l Measurement and Sim.
User Input - ™ I ' I (.ana) I data
| I | | |
- < | | I | I
| | |
Hot rolling data . I\./Ianggement. and I Hot rolling model : Earing model I Data analysis
(.xIsx) filtering algorithm I (.exe) I (.exe) I (.py)
N y (-py) : I :
I
é ) I } [ 4 | i
Quality testdata | _ ' _ _ | _ |
(.xIsx) I | Recrystallized fraction | | | Hot and cold strip ear | 1 :
- I - | Data analysis results
\_ ) (.xIsx) I characteristics (.txt)
\\ ,/ : ! '
M JSoN. MJsoN ! ™ JsoN |
______ l o o e o 1 e |
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Aluminium Demonstrator

. pass 1
. i pass 2
Data analysis - Process parameter — s 3
U pass 4
400 = yoee  TEMP. Platine
800 350 = weecom pyrometer Temp
5 oy piates i
300 STampiyrs l\
600 |
£ = 20
1t 150
200 {] 100
| 50
0 L g AL 2 e 0 /1 1 N L 0 bl \ 4 ”‘
0.0 0.2 0.4 0.6 0.8 1.0 0.0 014 029 043 057 071 0.86 1.0 0.0 014 029 043 057 071 086 1.0 0.0 014 029 043 057 071 0.86 1.0
Thickness reduction Rolling force (Exp.) Rolling moment (Exp.) Material Temperature
1200 700 R RPO2_Stont o
1000 600 o -
800 500
= o € 400
3 -
400 h
i 200
200 dll 100
o O. 0.33 - 0.66 o u 0.0 0.2 0.4 0.6 0.8 n0.0 0.16 0.33 0.66 0.8 0.0 ) .2 ' 0.4 ) 0.6 . .8 .
Roll velocity Strip tension Hot strip strength (Rp02) Roll diameter
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Aluminium Demonstrator

Data analysis - Process parameter

1 [ Pass 1
f§ z ; m Pass 2
.. . ¢ Pass 3

[ pass 4

0.0 0.25 0.50 0.75 1.0

Roll velocity

b Wi b
s fm Al

& & o
0.0 0.2 0.£_1 0.6 0.8 1.0
Roll diameter

0.0 0.25 0.5 0.75 1.0 0.0 9.25 0.5 0.75 1_.0
Thickness reduction Thickness reduction
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Aluminium Demonstrator

Data analysis - Parameter Importance Analysis

ML Modell: Random Forrest Regression

— Input variables: Material data, hot rolling
parameters, hot strip ear characteristics

— OQOutput variables: Cold strip ear characteristics

ML model learns the correlations between input-
und output variables

Explained variance as an indicator for input variable
Importance

Hot stip ear charateristics (V30-V34) have influence
on cold strip ear characteristics

dhyo; siip (V32) has most significant influence

V32
V33

Warmband Zipfelkennwerte v3s Il

Kalt Umformgrad V30
V31

v34 Il
V16
V17
voo il
visii
V18
vos i
V06
V04
vi4ll
vozll
Vo7
viol
V10
V28
Viok] |
v23l
V22
V25|
V21
V24
V20|
V26|
V27
V05

Variable

0.0 0.1 0.2 0.3 0.4

Variable importance

0.5
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Aluminium Demonstrator

Data analysis - Cluster Analysis

Clustering of processes into different groups having
similar cold strip ear characteristics

KMeans unsupervised ML method

— Input variables: Cold strip ear characteristics

Optimal clusters according to Silhouette Score: 2

— Orange and green cluster

Strong correlation between hot and cold strip ear
characteristics

dhhot strip (V32) VS ZcoId strip (V36)

Normalized value For dhyg o4rip >= 40 % cold strip
22%%%2%%2%%% ear characteristics (Z;qq strip) 1S
always less than 1.5 %

dhhot strip (V32)

All variables

"~ Cold strip ear
characteristics

33
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Aluminium Demonstrator

e All Processes
s Sorted Processes

Data analysis - Cluster Analysis

Normalized value Normalized value
Processes sorted using the criteria : 222222228

Vo1l ,

Vo2 —

V03

dhhot strip (V32) >=40 %

Parameters of interest: i maE—————
- Platine thickness (V04)  jeme—

« Platine temp. (V02) %

+ Target temp. (V06) £ S jane

- Roll diameter (V17 and V18) <=>E — B ——

* FelSi (V19) e L,

. Degree of cold reduction (V30) GEESENEEE,

V34 '

V35 !

V36 !
V37 ! ¥
V38 !

V39 !

vaory—r—mm"
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Aluminium Demonstrator

Data analysis - Optimal hot rolling parameter

Determination of optimal process to achieve the desired targets
- Evaluation function — Assign scalar value for each process
« User defined targets:

— Minimize cold strip ear formation
— Achieve customer desired cold strip strength and thickness

* Reference values required for the analysis

2 2 E Earing
Lo — 72 Lo — 2 Log— 2
Evaluation function = ( 0_~orer. 100) ‘W, +< B_Tasrel 100) W, +( 20 To0rer, 100) -w; + €@ characteristics
ZO, ref Z45, ref Z90, ref
_ 2
(Rpozcolc;strw Ryoz coldstrip.ref 100) s + @ cold stiip strength
p02 coldstrip, ref
hfin_hfin,ref.loo 2. . .
Rrin ref Ws - Cold strip thickness

W .5 = weights

35 28 Nov, 2023  Semantic interoperability of heterogeneous process models — — 4 R“'I'I-I
integrating process data to improve quality and save energy r I r |AT ' F

in coupled forming and thermal processes in the metal industry




Aluminium Demonstrator

Data analysis - Optimal hot rolling parameter

« Ear integral: Material between max. and min. ear formation
_ Awithout ear)

Ear integral = ( - 100 [%]

Reference values for evaluation function
« Cold strip ear characteristics:

— Homogeneous ear formation at the edge and center of

the coil
— Z20=0.01%
— Z45=0.8% 7
— Z290=0.2% g;,
« Cold strip strength = 268 MPa E
« Cold strip thickness = 0.24 mm Tl

Determination of best and worst process

Ear height [mm]

Ear

i Integral

Calculation of ear integral

-
e Y o
PR s

A ov

0.01%

T e

790 [%

Determination of reference values using ear integral
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Aluminium Demonstrator

Data analysis - Optimal hot rolling parameter

M Best process
™ Worst process

~ 18 3';"
2 . . 2 0.1 = 70
*16  Optimal process with _ . o
14 I {uati = 16 — 0.08 £ 60
g smallest evaluation s _= < = o
g value 88 12 T S 0.06 c
~ 10 E= 2.2 ° 40
S - 28 08 §%2 004 S
T s et O E £ a w 30
S Y s [=] O E 0
T . RYELL O 0.4 . § 002 - 2 5
> e -—
W caevee” o = 5 0 . 2 10
oot c
° o 4 3 12 16 20 24 38 32 Cu Fe Mg Mn Si Fe/Si Ti Cr Zn A 0
Process count 1 4
pass
3
25
a’g‘
g 20 o 2
2 15 g
© o1
o 10 =
£ kel
g 5 30 [ |
T 0 Z0 Z45 Z90 I
Z0 Z45 Z90 -1
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Aluminium Demonstrator

Summary

Coupling of process data and simulation models using a central data platform
« Extension/Modification of the hot rolling and ear model
- Validation of the simulation models

« Implementation of the concept for model coupling and generation of aggregated data

Analysis of the aggregated data to optimize the hot rolling parameters
« Provision of aggregated process and simulation data via data platform
* Analyzing the correlation between ear formation and hot rolling parameters

« Determination of the optimal hot rolling process
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Demostrator — Schwermetall

Process chain copper strip
B _
e 2
O

T
- L

(J
@

@
@

[ Melting ] [Blockcasting] [Pre heating] [ Hot rolling ] [ Milling ] [Cold roIIing] [ Anealing ]

« Main focus: Coll annealing - Secondary focus: colling after cold rolling
— Temperature and stress state change in the coill — Shaping of the caoll
— Change/homogenisation of material properties — Stress distribution in the wound coll
— High energy saving potential - Tertiary focus: Further upstream steps
_ _ _ — Shaping of the strip
— Heat transfer in the coil dependent on previous _ Change in material properties (eg anisotropic
process steps structure)
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Demostrator — Schwermetall

Modelling

« Step 1: Definition of parameters « Step 3. Heat transfer coefficients
— Model parameters (user input) — Input: Model parameters, geometry, material data
= Stacking in the bell type furnace — Creation of 3D CAD model bell type furnace with coils
= Furnace temperature curve — Meshing, CFD simulation
= Alloy, surrounding gas — Output: Heat transfer coefficients (HTCSs)

— Strip geometry (e.g. from measurement data)
« Step 4: Temperature distribution

« Step 2: Material data — Input: Model parameters, geometry, material data, HTCs
— Input: Temperature range — Stress distribution (coiling model)
— QOutput: Material data (Good and gas) — Output: Time-dependent 2D temperature distribution
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Demostrator — Schwermetall

Temperature-dependent Material Data

* Determination of material data
— Simulations (e.g. JMatPro)
— Measurements
— Literature

* Interpolation
— Curve fitting of the data
— “Look up table”

« Tabular material data
— Density
— Thermal properties (heat capacity, thermal conductivity)
— Mechanical properties (thermal expansion coefficient, Young's modulus, Poisson’s ratio)
— Emissivity
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Demostrator — Schwermetall

Process model: Coiling

yA
i r
s

* Calculation of 2D radial stress distribution

 Colling stress distribution over width

b/2 b/2
oc ] 6(z)dz = J 0:(z) 6(z)dz 0:(z) « In(r(2))
~b/2 —b/2

» Stress distribution over radius

2
T 1
or(1,z) = 04(2) K@) -1

o R L
o o O O
[ S |

N
o
il

-50 -

Rel. Radial Stress o,/0

)
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Demostrator — Schwermetall

Process model: Coil annealing

(.bq,rad | ¢q,conv

« Optimisation of the process time

* Modelling
— Numerical Solution of the Fourier equation with FDM
— Rotation-symmetric 2D mesh
— Anisotropic thermal conductivity
(thermal contact resistance)
— Boundary conditions from CFD simulation ‘

0000888
([ [l ]] | ¢q,rad’ ¢q,conv
0000888

¢ ReSUItS (pq,rad’ ¢q,conv

— Time-dependent temperature distribution
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Demostrator — Schwermetall

Integration into the data platform

v

Temperature distribution
in coils (time-dependent)

A 4

Geometry API / Kernel L_Zzzzzzooood HTC data base / API

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
: A 4 1
1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Data platform ]
p y . v ?
Model parameters | g Model parameters Coiling TOdel i
L Geometry parameters ) S— Managing Interface ::::I““’ Geometry parameters o(x) i
i i g Material data v i
[ Vodel t :______j v T i Stress distribution i
odel parameters P v---» HTC distribution ; :
L ) [ Geometry parameters ]; : : !
. T ' ! 2D anealing model i
1 e e ————— = =
[ T(t,x,0(x), Ty(t H
Calc material data [ CLlI Interface ] o G ) i
P !
1 ] 1
1
1
1
1
1
1
1

[ CAD geometry ] HTC distribution i_ ________________
T T A
Material data base e CFD mesh generation Interpolation HTC (to 2D)

NQ'(-’_C)» Too; Tcoi]' c) [ Input / OUtpUt ]

[ CFD mesh ] : )
T 3D HTCs of multiple ] Model / calculation

A 4

parameter combinations

Model parameters
Material data

45 28 Nov, 2023  Semantic interoperability of heterogeneous process models — — 4 R“'I'I-I
integrating process data to improve quality and save energy r I r |AT ' F

in coupled forming and thermal processes in the metal industry




Demostrator — Schwermetall

Summary and outlook

« Completion of the individual models

— Coiling model @,
— CFD model O
— Annealing model @

 Validation of the models by measurement data provided by Schwermetall &
« Manual verification / optimisation of annealing times for typical occupancies O
* Transfer of models to demonstrator platform @

« Automatic verification of the annealing times through application of the demo platform ©
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