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B \What is Modular Factory (MoFa)?

Traditional Manufacturing Modular Manufacturing

Raw Materials Raw Materials
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B MoFa as a basis for production data

* Recipe Modularization
* Compact Setup

* Dispersion and Mixing
* PLC Controlled

% * Sensors and interfaces
! . Al Enabled

\_"'_,\\ - Benefits in production
= efficiency, stability and
. sustainability




I \\here are we and where do we want to go
to?

60 Instable processes complex formulations

m@ Raw material variation = final product

L Difficult prediction of product quality




I \\here are we and where do we want to go
to?




B Case Study at a Paint Factory

Problem to solve:

* Heterogeneous recipe structures adapted to the customer

* Low production frequencies

* Difficult continuous data collection

 Raw material and recipe information is not sufficient as a basis for a quality
prediction

- Is an Al implementation possible at all?



X7 Phase 1:
= Status Analysis




Internal Analysis: Screening Data

e Get to know the data —> Creation of a database structure
e Data collection

ttem Ledger Entry

Master Data Feature

* Data Bundling O
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— Based on this, further analysis i

- Al-based data analysis on a defined product group

—> Evaluation of correlations and patterns from the database - TR

- Mathematical modelling to validate solutions for
and products



Internal Analysis: AUC Evaluation

Area under Curve (AUC)

Ideal classifier

e 100% TPR and 0% FPR
™ # A * Prediction is consistent with the observed
L v 1 results
” Threshold "= e Clear distinction between TN and TP
S
g
2 | Random Classifier
F: / \ 1 »  50% TPR and 50% FPR
= / \Auc=os | s * Itis not possible to distinguish between TN
and TP
05 A . * Predictive model is inappropriate

Insufficient data basis

False Positive Rate



Internal Analysis: Check Models

True Positive Rate

Area under Curve (AUC)

AUC Value Quality
09-1.0 Excellent
0.8-0.9 Very Good
0.7-0.8 Good
0.5-0.6 Bad

Integration of sensors to
increase the data basis

False Positive Rate

> Al impossible, data basis not O.K.



Internal Analysis: Result

As-is analysis successfully completed - AUC > 70% 10

*  Problems can be solved by classification 08

 Clear significance for practical use

o
(-4

True Positive Rate

 Potential for data diversity and quality

o
S

 Basis for the development of Al is in place 02

0.0

ROC curve

= DecisionTreaClassifier'>
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0.0 02

T T T T
04 0.6 0.8 10
False Positive Rate




Al Development



Process Analysis (Value Chain)
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Raw Materials Recipe MoFa Application Final Product

(internal)

 Datachaos
* No connected value chain
* No prediction of product quality possible

 Rework, Returns and Disposal



Data Caption Analysis
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Raw Materials Recipe MoFa Application Final Product

(o) sensors () ) ) (©)

(internal)

What happens at which point?
* Where are sensors located?
 What data do the sensors provide?

* How are the sensors digitally stored and stored in the database?



Connect Data Caption and Process
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Raw Materials Recipe MoFa Application Final Product

(o) sensors () ) ) (©)

(internal)

* Integration of sensor technology and analytical measurement methods for the collection of raw
data
* Networking of the entire process chain

* Building a Centralized Database Infrastructure



Data Caption System
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Raw Materials Recipe MoFa Application Final Product

(o) sernsors () Q) ) Q)

(|
im % W

Raw Material KPI Recipe KPI / Appearance, New + traditional test
. Process Data
/ Variances Process Steps Surface, Color methods

(internal)
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M Example: Lab Spray Application

Air Data Paint Booth Temperature Data Curing Oven

\l/

Temperature / Humidity Control of Curing Process

B 2. Nach Kiihler 22-138 [C] = 32.0 @ 22.10.2012 12:26 Uhr 18020049 1-1 K-L Crenkurven mas
] 5 9 18020049 1-1 K-L (B, A
2. Nach Kihler 22-138 [%rF] = 20.1 @ 22.10.2018 12:26 Unr & el 78020078 11 KL
1. Ausseniuft 22-140 [*C] = 15.5 @ 22.10.2018 12:26 Uhr - Efgﬁiirﬂijmwgmd
Werk: HAC
1. Aussenluft 22-140 [%rF] = 49.1 @ 22.10.2018 12:26 Uhr : g o ot s ienNr: 1221363
e b ) | Gestartet: 14.08 2018 14:16:07
3. Mach Erhitzer 22139 [C] = 32.6 @ 22.10.2018 12:26 Unr mportiert: 14.08.2018 14:14:15
. S Kalibriert: 19.06.2017 07:23:10
3. Mach Erhitzer 22-130 [%rF] = 18.4 @ 22.10.2018 12:26 Uhr r Messtakt: 00:05,0
147 Trigger : Ohne
6. Zuluft LabPainter 22-143 [C] = 20.1 @ 22.10.2012 12:26 Unr y y B 24,0000
B 5. Zuluft LabPainter 22-143 [%:F] = 69.2 @ 22.10.2018 12:26 Unr
; / 5RT 7 bei 80° C 20 bei 165°C
. HIZME1550 W : Fahler auf der Blechrickseite angebracht
50°¢ 100 % 1 Ofenkurve vertikal gefahren
F links in den Ofen gehangt
1 Blech wird von hinten angeblasen
20 %iF § !
7
2
&
60 %IF =
40 %iF 7 e
7 -
20 %iF
0 %IF
L
1 4 0 11 12 13 14 15 1 © 18 15 20 21 22 23 4 25 2 2 2 20 30 31 mn
= Zeit
N
| \ _ Temperaturvorgaben i pitzentemp
| J M N WMin Untere Mitflere | Obere Max Aquivalente Haltezeit Cure Minimum Maximum
| J K ¢ ! Index Wert Zeit Wert Zeit
T Luftsensor 227°C | 00.050 | 1660°C 29:250
2410.2018 27.10.2018 30.10.2018 02.11.2018 05.11.2018 08.11.2018 11.11.2018 14.11.2018 17.11.2018 20.11.2018 H o | o | ise S




M Example: Lab Spray Application
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Lab Painter:

Application Setup
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Automated Data Logging and Data
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Organize Data Flow
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Raw Materials Recipe Qc Final Product

(internal)

((0)) Sensors ((o))

Raw M t ial KPI R p eKPl/ Process Data Appearance, New + traditional test
aaaaaaaa s Steps Surface, Color methods




Database Structure

~o0® 0
= g = !@ 4 3% = 'lbj' = g Data of the complete value chain is:

Raw Materials Recipe MoFa Application QcC Final Product
(internal) .
((#) sensors ((o)) ((’)) (O)] ()] . C en t ra I 1ze d
¥ ¥ ¥ * Available
s ~oo®

i ;% '.‘J * Retrievable

Raw Material Recipe KP1/ Process Data Appearance, New + traditional
KPI 7 Variances Process Steps Surface, Color test methods

— Basis for development of the Artificial Intelligence Application



Roadmap for Al Implementation

D E 0

PROCESS ANALYSIS FIX CHOSE ML Al PREDICTION SYSTEM -
TAKE I WEAKNESSES ALGORITHM AUC 2 85%




Al Optimization

Raw Materials

((0)) Sensors

Raw Material KPI
/ Variances

()= [E] » Leg

Recipe

Q)

Recipe KPI1 /
Process Steps

MoFa

Q)

~00®

a5

Process Data

>
Algorithm / Al

Appearance,
Surface, Color

New + traditional test
methods

Final Product

(internal)

Automatic communication
between the Al and the data in
the database

Before starting a new
production, the Al quality
prediction system makes a
statement about the product
quality



HEMMELRATH

- Software MEMMELRATH A1

Test Ergebnisse Q

A t loi E lun im g Akt
17060151 4 1 2017-06-01 10 P72 |
16110338 4 3 2017-03-02 NIO pZ4 i
KORREKTUR 16110338
CORRELATION MATRIX AUSGEWAHLTE ROHSTOFFE
1011
100 Q
H 036_H32-Quantity | 5
Solids (Scale, Oven) 4
> 0-036 Halbfabrikat fir Aluschlammen. Menge 1180
050
XK 1203 Stapa IL Hydrolan 2154. Menge 59562
Semi Finished Alu Slurry X 1337 Dowanol Pr. Menge 1111
b4 4-303 AES Stapa Hydrolan 40

i 000

Stapa IL, Hydrolan 2154 ]
Aluminum 7 SD / coated -

Hydrolan PnB

40301011

-7

AEP Stapa Hydrolan 2154,

50% SD
Zuriick Automatische Korrektur
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B Results

1

Raw Materials

Recipe

MoFa

Appli

lication
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((O)) Sensors
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Process Data
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New + traditional
test methods

Final Product
(internal)

Development of an Al quality
prediction and decision support system
successfully completed.

Predictability for O.K. / not O.K.
products is 89%.

Raw material quality has a major
influence on the quality of the product,
with a stable production process
(MoFa).



B Thank You!

Ralph J. Woerheide

Metromation Inc.

215 W Michigan Ave
Ypsilanti, MI 48197 USA
+1 248-687-6814
www.metromation.co

METROMATION®

simplify Technology Transfer

Visit us at booth #58
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