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Agenda

= Gegenstand
= Ziele
= CPA - Coupled Process Analysis

= Praxisbeispiele
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Gegenstand
Beispielgebiete mit CPA-Modellen
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FEM Assembling

Mixed data |
Assembling IMT Assembling
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Gegenstand
Wann macht Digitalisierung mit CPA Sinn?

Anzahl Prozessparameter hoch; z.B. >5; Kreuzkorrelationen auch fUr Experten schwierig zu Ubersehen

Geringer Datenumfang; Aufwand fir Versuch & Irrtum grof3

Raumliche Auflosung erwinscht

Zusammenhange ohne Zeitverzogerung erwunscht

Gute Daten vorhanden; Input-/Output beschreiben den Prozess gut

Daten sind maschinenlesbar

Z Fraunhofer
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Gegenstand
Welche Verfahren werden analysiert

PLASTIC INJECTION MOLDING

LASER BEAM WELDING

CLINCHING

SELF-PIERCE RIVETING

CPA VIRTUAL MULTI-STAGE CAR BODY PROCESS CHAIN
Industrial Data
Modeling REAL MULTI-STAGE CAR BODY PROCESS CHAIN

HOTFORMING/FORGING

SHEET METAL FORMING

PRESS HARDENING

DIE CASTING
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Gegenstand Elektronenstrahlschweif3en
Prinzip
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1 Umwandlung von 2 3 SchweiBnaht

kinetischer in ‘

thermische Energie Materials Erstarrung

Aufschmelzen des nach beendeter
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Gegenstand Elektronenstrahlschweif3en
Einflussfaktoren und Variationsgrenzen

\L/ Strahistrom (/) und
__&_ [ Strhlenquelle < Beschleunigungsspannung (U)

_% Zentrierungs- und

Stigmatoreinheit

ZUl

+— Elektronenstrahl

Fokussierungslinse «——— FOkuslage / Linsenstrom (/)

1 E x-y Ablenkung

A

Arbeitsabstand (4,,)

+— Werkstiick

\Vurgchubeinheit «——— Schweilligeschwindigkeit (v.)
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Variationsgrenzen:

Arbeitsabstand (AW) 350 ... 400 mm

SchweiBgeschwindigkeit (VF) 30 ... 60 mm/s

Strahlstrom (IS) 40 ... 60 mA

Beschleunigungsspannung (UB) 120 ... 150 kV

Linsenstrom (IL) 25 ... 40 mA

\
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Gegenstand Elektronenstrahlschweif3en
Bewertungskriterien (Querschliff)

Decklagenbreite Nahtuberhoéhung
Oberseite
Oberraupe
Bauteiloberseite l
SchweifBnaht-
breite
Bauteilunterseite T
Unterraupe
Wurzelbreite Nahtuberhohung
Unterseite
—
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= Gegenstand
= Ziele
= CPA - Coupled Process Analysis

= Praxisbeispiele
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Ziele
Modellbasierte Prognose der finalen Nahtgeometrie

Inputs: Output (Querschliff):

Strahlstrom (IS) 40 ... 60 mA

Beschleunigungsspannung (UB) 120 ... 150 kV

Linsenstrom (IL) 25 ... 40 mA — A b

Arbeitsabstand (AW) 350 ... 400 mm

SchweiBgeschwindigkeit (VF) 30 ... 60 mm/s

e

5 SchweiBparameter Metamodell
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Ziele
Modellbasierte Prognose der finalen Nahtgeometrie

Von den Eingaben wird auf
Inputs: das Ergebnis geschlossen Output (Querschliff):

—_

Strahlstrom (IS) 40 ... 60 mA

Beschleunigungsspannung (UB) 120 ... 150 kV

Linsenstrom (IL) 25 ... 40 mA e CPA —_—

Industrial Data
Modeling

Arbeitsabstand (AW) 350 ... 400 mm

SchweiBgeschwindigkeit (VF) 30 ... 60 mm/s

e

5 SchweiBparameter
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Ziele

Nutzung aller Simulations- und Mel3daten

...auch mit kleinen StichprobengrofBen
.. mit flexiblen Schnittstellen (z. B. zu FE-Solvern)
.. mit flexiblen Datentypen (Oberflachen, Kurven, diskrete Werte)
.. mit beliebiger Anzahl an In- und OutputgrofBen

...mit einfacher Oberflache

V
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Ziele

Modellierung Prozesswissen R )
v 4 §§5?®
= Planung: fur die Prognose; hauptsachlich aus FE-Daten FU][TSU

Eigenschaften werden vorausgesagt; z.B.Toleranzen
ProzeBparameter konnen optimiert werden

Schnellere Produkteinfiithrung

= Serie: fur die Qualitatssicherung; hauptsachlich aus MeB3daten

LAPPLE !!!

Geseuschaﬁfﬂr _ o
Technische Visualistik

Prozessstabilitat fiir laufende Produktion

Regelkreise bei Verfiigbarkeit eines Stellgliedes

/o \

» A
4 SCHWARZ /

Gestamp [#4
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Coupled Process Analysis CPA

Workflow
Data Collecting
Users Task
50-90% of Work scope
Visualisation
User-friendly visualisation
Seite 15 22.05.2023 © Fraunhofer IWU

CPA

Industrial Data
Modeling

Data standardization
& Data Compression
Assignment target values

Supervised Learning
Selection/ Validation of
modeling approach
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Coupled Process Analysis CPA

Data Collection

Data Collecting

Users Task
80% of Work scope

CPA

Industrial Data
Modeling

~ Fraunhofer
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Coupled Process Analysis CPA

Data collection

D-optimales Design (DOE) 64 Schliffbilder
P e Experiment
T (Flachprobe)
—
Versuchsplan (64 Stichproben)
Vers- Vers.- IS UB 0F+ Aw VF
# | folge | (mA] | [kV] | [mA] | [mm] | [%®]
1 27 50 120 40 450 45
2 21 50 120 25 350 45
3 49 60 120 40 450 30
62 43 60 120 25 350 30
63 56 60 135 40 450 60
64 52 60 135 25 350 60
Seite 17 22.05.2023 © Fraunhofer IWU
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Coupled Process Analysis CPA

Data standardization & Data compression

Data Collecting
Users Task
80% of Work scope

Data standardization
& Data Compression
Assignment target values

CPA

Industrial Data
Modeling
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Coupled Process Analysis CPA

Data standardization

Einheitsquadrat mit
26.244 Knotenpunkten

//\

Design 1 Design 2 Design 3 Design 64
STL-Netz mit STL-Netz mit STL-Netz mit STL-Netz mit

26.244 Knotenpunkten 26.244 Knotenpunkten  26.244 Knotenpunkten 26.244 Knotenpunkten
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Coupled Process Analysis CPA

Data standardization

Design 1 Design 2 Design 3 Design 64
1123 |n
1 t11 t12 ti3 5t
% 2 t21 t22 tz3 tz
203 o |t |t | o (n x d) - Multivariate Datenmatrix
d | o | em | m | | = 64x26.244 = 1.679.616 Matrixeintrage
| =
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Coupled Process Analysis CPA

Data compression

Multivariate Datenmatrix
(= 26.244 X 64)

Strahlstrom .
Design

1 2 |3 |n

Beschleunigungsspannung (UB)

231 la2z la3 L2,

Linsenstrom (IL) 4

Node
Q| w N

L3,

ta1 iz a3 Lin

Arbeitsabstand (AW)

SchweiBgeschwindigkeit (VF)

I

26.244 Metamodelle fiur die Beschreibung
der SchweiBnaht notwendig!!!!

- Losung: Datenkompression

\
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Multivariate Datenmatrix

Coupled Process Analysis CPA (> 26.244 X 64)
Data compression Design
— 1/12[3|n

Strahlstrom

Node
LW N

L3,

Beschleunigungsspannung (UB)

ta1 iz a3 Lin

1 2 |3 |n

1 581 ly2 liz lin

Linsenstrom (IL) — :

2 231 la2z la3 L2,

Arbeitsabstand (AW)

3 i3 32 l33 L3,

A

CPA-Mode

k L1 iz a3 Lin

SchweiBgeschwindigkeit (VF)

Reduzierte Datenmatrix
— (= 10 X 64) Fourier-Transformation

10 signifikante Variationsmuster identifiziert

- Nur 10 Metamodelle fir die Beschreibung
der SchweiBnaht notwendig!!!!
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Coupled Process Analysis CPA

Supervised Learning

Seite 24

Data Collecting
Users Task
80% of Work scope

Data standardization
& Data Compression
Assignment target values

CPA

Industrial Data
Modeling

Supervised Learning
Selection/ Validation of
modeling approach
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Coupled Process Analysis CPA

Visualiziation

Seite 26

Data Collecting
Users Task
80% of Work scope

Visualisation
User-friendly visualisation
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CPA

Industrial Data
Modeling

Data standardization
& Data Compression
Assignment target values

Supervised Learning
Selection/ Validation of
modeling approach
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Coupled Process Analysis CPA

Concept

Data standardization
& Data Compression
Assignment target values

CPA

Industrial Data
Modeling

Supervised Learning
Selection/ Validation of
modeling approach
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User interface

. partner
~\_format

CPA Software Structure

\
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= Gegenstand
= Ziele
= CPA - Coupled Process Analysis

= Praxisbeispiele
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Urformen
Numerical analysis HIGH PRESSURE DIE CASTING

Use cases: Porosity; solidification rate, fill temperature

Data Source: MAGMASOFT®

Inputs: 13 parameters
Samples: 15 simulations
Advantages:

= Spatially-resolved model for component-related
visualization of process sensitivities

= Model-based generation of arbitrary virtual variants in real
time (without new solver runs)

Seite 35 22.05.2023 © Fraunhofer IWU
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IFAM
3D output variable (Fill Temperature) predicted by the model

3D-Rotate Data cursor 940.8412

Parameters Influence [%] | Slider action

lict 930
(]
25 3
@
>
920
Export mesh (* sf) #a
Output parameters
Coolrate 910
FSTime Y
Filemperate
FillTime CP A 908.2786
show mesh it
. Indusi b2
Input parameters
Filing - Second Phase - i a1 hi a Jl) h o
Cast Alloy Class - Feeding 10 : o 3 o
Pemenent ol Ciss - Intal | | 130 3 40 § o
Cast Alloy Class - Initial '| '} 670 Intensification - Working ¢ | 700 3 o

|

process parameters

\
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https://www.ifam.fraunhofer.de/

Urformen
Numerical analysis of PLASTIC INJECTION MOLDING

Use cases: Thermal stress; deviation to CAD

Data Source: Moldex3D®

Inputs: 10 parameters

Samples: 31 simulations

Advantages:

= All causal relationships (distortion, thermal stress,
temperature)

= Reduction of bottle cap distortion in contrast to the
starting design

Seite 36 22.05.2023 © Fraunhofer IWU

4 MetaField Viewer v.1.2
Datei

Import data Surface comparision Approximation Field model Slider action

Parameters Influence [%] | Slider ac|
Gesamthohe (in . 461105 4|
E-Modul (nMPa:) 164867 [
Nachdruckdauer .. 87133 [
Werkzeugtemper... 84663 [
2628 BT
DT80

2

Output parameters

Warping

Temperature

Thermal stress (Mises)
Thermal distortion

P

Industrial Data
Mcdellang

M ghow mesft
Input parameters

E-Modul (in MPa:) < | r| 150

Werkzeugtemperalurn((i:r; j:J:j 375

(Kalt-)Anschnitt (in mm): ¢ Kl 2
Gesamthéhe (in mm): ¢ > 2

Nachdruckdauer (in s): ¢ 10

Umschaltpunkt (in %): ¢ 95

Schmelzetemperatur (in ¢ Mo225
°C:

Einspritzzeit (in s): ¢ » 075

(o)
FUJITSU

3D-Rotate | | Data cursor

E Range: 17.9115
: o, .

0.60764

-1.9455

Abkiihlzeit (in s): ¢ Y10
Nachdruckhéhe (in %*): ¢ *| 80

\

Deviation to CAD-0 [mm]

[m]
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Umformen
Numerical analysis DRAWING

Use cases: Springback

Data Source: ESI PAM-STAMP®

Inputs: 13 parameters
Samples: 30 simulations
Advantages:

Wrinkeling // Waves
AutoForm®
9 Parameter

40 Simulation

= Small amount of samples (AutoForm Sigma min12/Input)
correlation-free DOE extension by SLHS

standardisation capability

Seite 37 22.05.2023 © Fraunhofer IWU

Export mesh (*.stl)

2.7895¢-

Value

Distance < *| 0.746 Back bead ¢ » -1 Blank_posY ¢ » 0
Clamp_FR ¢ > 0 Thickness ¢ 14 1 Front bead ¢ 4 -1
Clamp_FL ¢ oo Clamp_RR ¢ Moo Right bead ¢ ]

Friction < 0111 Clamp_RL < > 0 Left bead < *| 1015
Z hof
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Umformen

Numerical analysis PRESS HARDENING

Use cases: Hardness

Data Source: LS-DYNA®

Inputs: 4 parameters
Samples: 25 simulations
Advantages:

= Predict hardness in the 3D model

Seite 38 22.05.2023 © Fraunhofer IWU
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Fugen
Numerical analysis HALF TUBE RIVETING

Use cases: 2D image result

Data Source: SIMUFACT®

Inputs: 12 parameters
Samples: 4.000 simulations
Advantages:

= Statistical model, which mathematically generates the
2D cross-sectional geometry of the SPR joint in real time
with free change of the tool parameters.

Seite 39 22.05.2023 © Fraunhofer IWU

Parameters Influence [%] | Slider action
Dornbreite 254385
Konturradius 6.4850

Dornhihe 4.8263

‘

Export mesh (*.stl)

Input parameters

Zugfestigkeit U ¢ Yo
Blechdicke UB Flo13%

Materialsote UB ¢ 15
Blechdicke OB * Y14

Matrizentiefe 19
Matrizendurchmesser ¢ b 94
Nietlange ¢ Hoo519

Niettyp ¢ Mo 149

\
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Fugen
Modeling micrographs of LASER BEAM WELDING

2D micrograph images predicted by the model

Use cases: Process Capability

Data Source: Micrograph Images

Inputs: 3 parameters
Samples: 12 pictures (12MP)
Advantages:

= Model-based 2D image (virtual micrograph)
= Laser weld seam parameter combinations in real time
= Model calculation < 2 min (office notebook) I

Y

welding process parameters
Seite 40 22.05.2023 © Fraunhofer IWU Z Fraunhofer
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Fugen
Modeling micrographs of ELECTRON BEAM WELDING

Use cases: Process Capability S
Data Source: Micrograph Images
Inputs: 3 parameters
Samples: 64 pictures
Advantages: —
= Cross corelations are visible
= Model-based 2D image (virtual micrograph) from process

parameters combinations in real time

|~
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Assembling
Experimental and numerical analysis window corner

o o ©

o o

Use cases: Springback

o

nigulgted, o seri€s qtia

ge.in a batch

n
nd
S o

Data Source: GOM ATOS® + ESI PAM-STAMP®
Inputs: 2 parameters (Clamps & Pins) & 4 Parts

Samples: 50 simulations

Variant Simulation

Seite 42 22.05.2023 © Fraunhofer IWU

Measurement

7
2}
“

PORSCHE

(5 pcs / Type)

\
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Assembling
Experimental and numerical analysis window corner

Use cases: Springback

Field model setting

gs

RRRRR

Data Source: GOM ATOS® + ESI PAM-STAMP® S

Inputs: 2 parameters (Clamps & Pins) & 4 Parts
Samples: 50 simulations

Advantages:

= Presentation of the influence of single part variations

and possibilities for dimensional stability compensation
through clamping point variation

ssssss

Prognosis local: 91.1257%

10 15
percentage of total variation [%]

20

25

poRsChy ®
e
2}

“

PORSCHE

Prognosis total: 86.5551% (assembly) 1

'S o =3
Model accuracy

12-Apr-2021 14:22:34 >>Import data: load project, please wait

12-Apr-2021 14:22:39 >>Surface comparision: loading finished

12-Apr-2021 14:22:42 >>Field model: create fiel please wait
p g

Seite 43 22.05.2023 © Fraunhofer IWU
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Assembling s

e

Serial Assembling Process a

PORSCHE
—

Use cases: Springback
Data Source: ZEISS IMT

Inputs: 7 substructure Measurement Stations
about 1800 Points

Samples: one week of production

[ ]
Seite 44 22.05.2023 © Fraunhofer WU % Fraunhofer
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Getting started with CPA
in 3 steps to your analysis solution

POC PROTOTYPE PROFESSIONAL
On the basis of submitted Compiled CPA Professionalized CPA
data, a compiled CPA application, which software tool for the
viewer is generated for allows the loading and standalone analysis of
testing at the project evaluation of data by the cause-effect relationships
partner's site project partner by the project partner

(available in a few weeks)

\
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Kontakt

Christian Schwarz

+49 3514772 2147

christian.schwarz@iwu.fraunhofer.de

Patrick Ackert

+49 351 4772 2414

patrick.ackert@iwu.fraunhofer.de

Fraunhofer

WU

Fraunhofer-Institut fir Werkzeug-
maschinen und Umformtechnik IWU
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Vielen Dank fur Ihre Aufmerksamkeit!



