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Industry 4.0 in Rolling Mills —

Dispobereiche
. Plattenbereich(31.82%)
| SonstgeBearsenueg (15,91%)

-

'325\:
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B Kaitwalzbereich (14,77%)
B scherenbereich (14,77%)
. Warmwalzbersich(3,09%)
B Glanzbereich  (7,95%)
[ nichtzugeordnet (4,55%)
[ Spezialplatten  (1,14%)

Typical i4.0 applications usually cover big data analytics, logistics
or supply chain topics of short and aligned production operations
(e.g. automotive assembly line).

The Rolling Process Chain is an exceptionally long
production route on a single workpiece!

 Most rolling mills are historically grown and equipment
and modernizations are from different stages and suppliers

 Sensors are available for mill control or for
process documentation (Industry 3.0)
« Many sensors of process data

e.g.: temperature, force, speed, position, valves, ...

« Few or no sensors of quality data

e.g.: grain size, texture, strength, elongation, flatness, surface ...

Material movements through
all factory components in 1 year

in a non-ferrous metal rolling plant
. . . . . - (34 products on 81 machine components) [*]
« Production is driven by orders and machine availability, where

the orders are based on fixed production recipes

[*] Gram, Biedermann: Erhchung der Ressourceneffizienz durch ein
Modellierungs und Analysetool zur Unterstitzung kognitiver Prozesse
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Pre-Requisite for Industry 4.0 (@) =o=re

Digital Twin of a Caoll

Without a suitable material tracing,
related to workpiece, position and
orientation, Industry 4.0 cannot be

Implented efficiently in the metals
industry!
»

Surface inspection data

PICTURE \22)

fr_erm‘n»:r.l\\\({t [ -

e

Source: ,Anwendungsbeispiele von Industrie 4.0 in der Metallindustrie* « Prof. Dr. Harald Peters, BFI
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Implementation
Grevenbroich Plant - Foil Series 2

|| | KaiKarhausen, AMAP Colloquium, Feb. 2023




\

. | speira

Process / value creation chain foil rolling

©

Hot & Cold rolled strip (AluNorf) Foil rolling Series 2 (Grevenbroich)

|||||

DC Casting A Kk 4 to 7 coldrolling passes

Hot Rolling — Al AL * Final thickness down to 6 pm

Cold Rolling to ~0.7 mm * Intermediate and final annealing
~ . : : : N T R RGN R S
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Production Foil-Series 2

Definition of the Cyber Physical System CPS

o Pre-Processing in AluNorf
v Soft-Annealing

v Cooling

v 5 CR passes

v Cooling after each pass

v Doubling

v 1CR passto 6 um

o Separating & Slitting

o Final annealing
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Data Organlsatlon of 14.0 (Series 2)

WR- gr|nd|ng

CE X 'ﬁﬁ“'.--—

EEm Wi 'mmm

Foil production (mills, doubler, test center)

Machine Data (Level 1)

Optimisation
UCDQ
/7//79

Logistics simulation '(—

Analytics

Vizualisation
SQL/NoSQL — Queries
SQL/NoSQL — Databas
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Sensors, off-line measurements, etc.

—> SQL/NoSQL - Caoil Query'
v

Process Simulation
Property Simulation




Physical layer

-roll stand 2

=
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Demonstration Digital Twin prototype
Data layer
sensors data logger virtual machine cloud
800+
Gchannels
/ roll once per day
stand
10 Hz » =- 'It\_\/licrosoﬁ
sampling il
frequency
shop floor shop floor IT department IT / R&D
data acquisition (/BA) local drive conversion / transfer data access
Modell Dashboard Simulation user
Rolled coils - ALL - F
' AN
N -
data transformation visualization SoftSensor Digital Twin
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https://westeurope.azuredatabricks.net/?o=1821577102292283#notebook/256538849255993/dashboard/256538849256092/present

Digital Twin of Coil

Rolling Process

F
initial coil (0) r%llfd coil (1)
thickness h, T thickness h; < h,
ho "’ hy e
S Vo V1

Tiup --- lUbricant temperature | v ... strip speed | F ... rolling force

start of strip end of strip
(Om) (e.g. 6,500 m*)

Evaluated (aggregated) strip regions

at 5-15 %, 45 - 55 %, and 85-95%

of strip length L.

'« sensor data

* model data

* material

- characteristics

* grain size
« dislocation
density

* strength |
- formability

» Transformation of time oriented data to location oriented data
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User Interface: Dashboard

PORTAL

Dashboard v4

1. Filter by alloy : | go79.L 2. Filter by start date : | ¢3.07.2019 3. Filter by end date :  21.09.2019 4. Select Material Id red : 8476106000
8476105000

5. Plot Coil ID : | 8476204000 Raw data out of bounds :  (true true true true) 8476104000 -

Digital Twin Coil - Foil Series 2 in GV Approximate number of distinct CoildIDs in s2

approx. number of coils in Data Lake
1501

Rolled coils - ALL - Rolled coils - FILTERED -

Material_Ild_red Alloy SoP Passes Material_Id_red Alloy SoP Passes

7726504000 1100-L 30.07.2019 [1,52,6,37.4] 8041502020 8079-L [ﬁmmﬁ__i-lﬁj’_dl .|
8041502020 8079-L 13.07.2019 [5,7.4] 8111802000 ot Spec‘ ro” force per pass
8041702000 8079-D 04.07.2019 1,237 8139802020 8079-L [

8111802000 8079-L 12.08.2019 [5,2,3,7 4] 8138803020 8079-L |

8112501000 8079-D 04.07.2019 [1,237] 8139804010 8079-L {

8112502000 8079-D 04.07.2019 [1,237] 8139804020 8079-L I

8139603010 8079-L 13.11.2019 [1,2,3,7] 8183508000 8079-L I

8139802020 8079-L 03.07.2019 [7] 8184204000 8079-L ‘

8139803020 8079-L 03.07.2019 [7.41 8226902000 8079-L | i

8139804010 8079-L 03.07.2019 [7.41 8226903000 8079-L [ f

8139804020 8079-L 04.07.2019 [5.71 8226904000 8079-L \ i
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02 Digital Twin Components
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Process Simulation: ROSE ©@

Pass 1 (Cold Rolling)
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Rolling Simulation Environment - ROSE

Material Modules (limited texture information)

ClaNG*

RoseRoll
3IVM+*
StrucSim

RoseAnneal
3IVM+*
StrucSim

RoseWind
3IVM+*

Classical Nucleation and Growth

Thermomechanical Rolling
dislocation based work hardening and recovery
(partial) recrystallisation

Thermal Treatments
dislocation based recovery and recrystallisation
(partial) recrystallisation

Thermomechanical Coil Winding
Creep

Material Modules (full texture information)

Gia*

Core*

Deformation Texture

Recrystallisation (Nucleation and Growth)

* In co-operation with IBF & IMM at RWTH Aachen and MPIE DUsseldorf
Kai Karhausen, AMAP Colloquium, Feb. 2023
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ROlling Simulation Environment

Rolling Module V8.01

|

#:

ROSE Roll

Z

Hauptment

Geladene Daten
I\Aﬂalzparametel |Keine

|B anddaten IKeine
Metkstolfdalen |Keme
[Vorkiitler  [Keiner

“walzparameter (*.DAT)

Banddaten [*NTL) Beaibeiten

‘wierkstoffdaten Bearbeiten

Workuhler [*AND]

Dptionen Bearbeiten |

Alles lesen [*RUN] Ausfubren
E ditieren

Lesen aus Tabelle Ausfubren

Optimierungsmodus

Sensitivitatsanalyse

Alte Simulation sichten

l:l FlieBkurvenfunkiion ermiteln

I:l Frocessin g Map

| l:l Darstellung der FlieBkurven

| | Ediizen |

Start der Simulation

|GEsamtE Stichfolge «

Inkrementzahl im 52

Programmende

20229
Trial Licence

. Kai F. Karhausen

es ki-Files

des Files

Enerierung eines
nfeldes:

|
g won ASCI
iles

|

n laden ohne

FlieBkurvenfeld

Frogrammende

a GmbH. F+E Bonn
9 (0)228 552 2728
9 (0)228 552 2446

ikarhausen@speira.com




Physically based Statistical Material Model

[ W

Work hardening and Recovery: g g “RF
- Assumption of a cellular structure e

- 3 Variables:  p.,: Mobile Dislocations
Pw Immobile Dislocations in Walls
i Immobile Dislocations in Interior

07, p : Generation-/Annihilation Rates

- Kinetic egn. of|state:

SIVM* LW a.G.b.\/pi,w_l_pm +Tchem
K =M (-7 + 1,7, Solid Solutign,
Y Particles

—7 \

if
dF;X =(1—fqo)-4-7-Ny-r? v, ClaNG

Recrystallisation:
- kinetics

/

GIA
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Simulation of pu-chemistry | h
f AA1110 Upper limit

10
—([1,000000e-09 - 2,500000e-07]

—(2,500000e-07 - 1,000000e-04]

AA1110 Standard . AlsFe
10 .
—[1,000000e-09 - 2,500000e-07] < Ende Homogenisierung
—[2,500000e-07 - 1,000000e-04] _o-‘
> 01

. Al Fe

0 AlsMn
© H Ende genisierung
_o:- M g 2 S I 0,01
> 01
0,001
0,01 0 2 4 6 8 10 12 14 16 18
Time, h
AA1110 Lower limit
0,001 10
0 2 4 6 8 10 12 14 16 18
. —[1,000000e-09 - 2,500000e-07]
Time, h

—[2,500000e-07 - 1,000000e-04]

. AlFe

Content of intermetallic particles for 2 ende Homogenisrung
different alloying content within the S o

AA1100 specification after pre-heating in

hot mill. oo
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Simulation of Cold Rolling

Dislocation Density

Effect of different y-chemistry on cold

~
£
— 5,E+14
£
g
£
K Roll Force
s
2
-
8 \ 8000
S
[}
a 7000
5,E+13 6000
0 5000 10000 15000 20000 E
Timeins £ 5000
1]
E 4000
Alloy upper limit Alloy lower limit Standard w
S 3000
e
2000 -— * o
1000
0
0 1 2 3
Pass No

—#—Alloy upper limit ~ —®—Alloy lower limit —&—Standard

Exit Temperature

rollling in 3 subsequent passes
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03 Applicationin Foil Series 2
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Soft sensor

Calculation of full material history with RoseRoll+RoseAnneal (incl. 3IVM*)
Tracing of Dislocation Densities and cell size

Calculation of strength at any point in time during processing

Dislocation Density of 5 coils

9.E+15

8.E+15

7.E+15

6.E+15

5.E+15

4. E+15

3.E+15

Dislocation Density in m2

2.E+15

1.E+15
0 86400 172800 259
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518400

604800

691200

Rp0,2 in MPa

>

Final yield strength

160
140

12

o

g
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o
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o

2

o

(@]

. speira

e

Alloy: AA 8079

10 11 12 13 14 15 16 17



Use of Digital Twin as “Soft Sensor”

Re-Simulation of 3500+ Coils

Coil Temperature

160
I After pass

140 o After cooling
120

100
80

60

Strip temperature, C

40

20
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150

140

130

120

Material strength Rp0.2, MPa
=

100

90

Material Yield Strength

Bl  After pass
(| After cooling



Digital Twin of Rolls

WR-grinding

B -

- = i e
EEE Wie'mmm
] e

mEmm we'mam

— Dashboard '

Identlflcat|oh of passes !

Simulation of all passes'
1

Wear factor per pass '
|

— Accumulation of wear '

5 L
Wear, defined as change in radius with rolled AR KHL‘*’U@XPL—MIQ - r}]
length, is calculated within the process model ) D20

Roberts (1983)
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Digital Twin of Work Rolls

—

Simulated wear for several campaigns on one set of work rolls

=
(=]

1000 km 810 km 730 km
970 km
08 850 km

0.6

Al |

2500 5000 7500 10000 12500 15000 17500

Total rolled length in km

Accumulated wear

— Determination of optimum time to change WRs in the mill
— Characterisation of WR life cycle
— Correlation to griding practices

|1 | KaiKarhausen, AMAP Colloguium, Feb. 2023



1 'Z:K] speira
Data Consistency

Digital Twins rely on complete and consistent data of all sensors

Production Statistics

-783 Continuity filter -
-853

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0

All coils
9207

Incorrect routing
-1057

Valid coils
3727

Number of coils

Incomplete passes
-2787

Main causes for data losses:
* “0" channels due to maintenance
» Data logger system outages
» Coil tracing errors due to reasons like strip breakage
* Failure in data conversion between logger and data lake
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Summary

A digital representation of the main components of a foil plant has been set-up in a cloud
system consisting of digital twins of:

» Coils
« Machines
 Work Rolls

Digital Twins are mandatory to predict the effect of process changes on product quality.

The Digital Twins must be based on physical process and material models. They are
applied as ,soft sensors” in addition to the physical sensors.

Data-Quality and reliability is a most crucial issue.
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Thank you for your attention !
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Kontakt:

Dr. Kai F. Karhausen

Speira GmbH, F&E Bonn
Georg-von-Boeselager-Str. 21
53117 Bonn

Tel: +49 (0)228 552 2728

kai.karhausen@speira.com



