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Angewandte Digitalisierung in der Industrie

Complexity needs to be managed

Simulation

o L

B ezl . ’r
Lukas Kretschmar, week 5, 6

Digitalization Technologies
Optimization of real plants by means of
robotics, digital twin, data analytics,
augmented/virtual reality, cloud and
security concept

Production Management
Forecasting, Lot Sizing, Inventory
Management, Materials Mgmt.,
Scheduling, Capacity Management

,_\/Y-\
Cloud & Software

L)

Dejan Seatovi¢, week 10, 11, 12

Machine Learning

Felix Nyffenegger, week 7,

8,9

Connectivity & Integration

__ K 4

Production Plant

Automation Technologies

Curdin Wick, week 2, 3, 4
el v w

| Control, sensors, drive systems, camera
systems, data matrix code, RFID

s

IT Technologies

“"! Industrial Ethernet, communication
W ] - networks, security concepts, data standard
Production Technology Enterprise Software
Injection molding, additive manufacturing CAD, PLM, ERP, MES, CRM - integrated
Robotics, metallic processes Data flow

Objective/Use Case —
Idea to earn money

%Leaming from Data as the Key Topic in

the Smart Factory

Changes in Organization, Processes,
Products, Services & Business Model

Roman Hanggi, week 1, 13, 14
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Angewandte Digitalisierung in der Industrie

Recap Week 3

This presentation is teaching material for OST-students.
4 | Digind - LO4 - Process monitoring injection moulding 15. Marz 2022 Publication or forwarding (PDF, Video, ...), even in part, is only OST
permitted with written permission of the authors.



Angewandte Digitalisierung in der Industrie

Overview: injection moulding as application example

5 | DigInd - LO4 - Process monitoring injection moulding

Level of automation Data basis / commonness Week | Date Lecture Exercise
v1: 15:10 - 16:50 Uhr p11: 17:00 - 18:40 Uhr
. 02 01.03.2022 LO4: Process basics and process EO4: Correlation of setting
commonness in management parameters and quality
~ the field of characteristics
injection moulding + Repetition injection moulding
Process management + Setting up the process Practical training on the SG
« Statistical design of experiments machine with Stasa QC
03 08.03.2022 LO5: Process monitoring EO5: process monitoring with
ComoNeo
* Motivation for process monitoring
o * Process monitoring with cavity Practical training on the SG
Process monitoring pressure (incl. presentation of machine with Como Neo
ComoNeo)
04 15.03.2020 LO6: Injection moulding in times of EO6: Processing and evaluation
digitalization of process data
» Uses Cases for injection moulding Practical training with own laptop
Process control » Smart Factory@Techpark with ibaAnalyzer
» Creating a database (signals, data
: quality, data recording)
data basis « Handling of data (curve data / KPI)

This presentation is teaching material for OST-students.
Publication or forwarding (PDF, Video, ...), even in part, is only

15. Marz 2022
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Angewandte Digitalisierung in der Industrie

Week 4: Goals of this weeks lecture / exercise

The students can...

.. explain possible use cases for injection moulding which are made possible through digitalization

.. define which recording rate is useful for which signals

.. understand how to get data out of machines and how to deal with different machines and devices

.. highlight the possibilities of the SmartFactory@OST

.. calculate KPI's out of raw data and set up an automated process protocoll

Digind - LO4 - Process monitoring injection moulding

15. Marz 2022
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Angewandte Digitalisierung in der Industrie

LO4: Injection moulding in times of digitalization

Data driven injection moulding

Dealing with Big Data in injection moulding
Data Acquisition

Uses Cases for injection moulding

Smart Factory@OST

a A W D PE

Exercise:

* Processing and evaluation of process curve data

This presentation is teaching material for OST-students.
7 | Digind - LO4 - Process monitoring injection moulding 15. Marz 2022 Publication or forwarding (PDF, Video, ...), even in part, is only OST
permitted with written permission of the authors.



Digital Manufacturing

Additional reading

Data Science — was ist das eigentlich?!

Algorithmen des maschinellen Lernens verstandlich erklar

Data Sdence _ Annalyn Ng, Kenneth Soo
wasist das A
eigentlich ?!

Print ISBN: 978-3-662-56775-3
elSBN: 978-3-662-56776-0

Algorithmen
des maschinellen

Lemens verstandlich https://link.springer.com/book/10.1007/978-3-662-56776-0

erklart

@ Springer

permitted with written permission of the authors.
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Data driven injection moulding

This presentation is teaching material for OST-students.

permitted with written permission of the authors.
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Uses Cases for injection moulding
Digitalization in injection moulding

« To implement Industry 4.0 in injection moulding
companies, data must be collected, analyzed and
also predicted.

 |nevitably, the term "big data" cannot be ignored.
Big data is a term that has already been around for
a few years, but continues to attract a great deal of
attention with regard to various aspects.

* Questions that injection moulding companies are
getting in touch with:

- How can | use my data?
- How can | increase my added value through data?

- What exact examples are there and how can | learn
from them?

Digind - LO4 - Process monitoring injection moulding

Additional data from the machine

Combining machine data with data
from IT Entreprise solutions (orders)

; « IT Entreprise Solutions focus on
Implementation of IT — integrated process & data flow

Entreprise «  Key Information / data for a company
(CAD, PLM, ERP, MES)

Stable & robust processes are the base
Reduction of Waste

Lean Processes first

Lean Principle focus on the important
digital needs

This presentation is teaching material for OST-students.
15. Mérz 2022 Publication or forwarding (PDF, Video, ...), even in part, is only O S T

permitted with written permission of the authors.



Uses Cases for injection moulding

Challenges for successful implementation of Industry 4.0

This presentation is teaching material for OST-students.
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Uses Cases for injection moulding

Challenges for successful implementation of Industry 4.0

| et | e | e e | « Some of the possibilities for data analysis are shown in the
v v ¥

Vollstandige Rohdaten mit genauem Zeitstempel a.dj ace nt fI OW C h art .

T T
| Stiickgutprozess | Batchprozess | Kontinuierlicher Prozess) |

! ! ! * However, the first stumbling block is usually already the

(Dynamischer)

| Produktverfolgung | Fingerprinting | Verweilzeit/Totzeit.Filter | !
I I I — database. Problems that arise:
‘ Kausalrichtige Rohdaten (alle maglichen Ursachen und Wirkungen in vollstandigen Datensatzen) ‘ g
: g - What data do | need?
‘ Plausibilitatsfilter/Konsistenzprifung mit SPC und Clusterverfahren | E . . o . .
v 7 - Is the data available in sufficient quality? What data quality do |
l Redundanzen reduzieren zu typischen Datensatzen (Typical Clustering) ‘ g ,)
I = need at all”
l Bereinigte, plausible, konsistente und stationare Daten (ohne Versuchsplanung!) ‘ g HOW do I get the data Out Of my machine’)
* v [@)) ° -
odellierungsverfahren Korrelationsanalyse m . . . .
| — | _ T = . How do | synchronise data from different machines and devices?
A e L P = =
Modelle neuronales Ne eichun nformation o . L.
I 1 T 1 3 e « The development of a data acquisition system for several
d\aztrfnfme | Kausalitatsdiagramme | | Sensitivitatsanalyse/Korrelationen ‘ f__U .. . . .
o injection moulding machines at the IWK serves as an
| . .
l Online-Anbindung der Modelle an Leittechnik/SPS ‘ g example for the eXIStIng Cha”enges.
o
otsinios osabs s rasesss) | | Mol o Sanssaton 2 Progrose | & - Different injection moulding machines (Krauss Maffei, Engel,
AN 7 Arburg, Fanuc, Battenfeld)
Schranken Whatlf. - . i
| ] T | : vodeieross | S - Different data storage solutions (Database, Cloud)
Sensuivalidigiuny Laboranalysen Online Optimicrer bl

This presentation is teaching material for OST-students.
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Uses Cases for injection moulding

Data is the new gold

"What you can't measure, you can't control”

Peter Drucker, American economist

This presentation is teaching material for OST-students.
13 Digind - LO4 - Process monitoring injection moulding 15. Marz 2022 Publication or forwarding (PDF, Video, ...), even in part, is only OST
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Uses Cases for injection moulding

Injection moulding in times of digitalization

* If you know the exact actual state of your machines [ Maschine, Stabus T Shikaahl  Sll /i
you can work on optimization of the process. © © 0 Griffchalen orange 1543 Stk i
. . . - o . ® ® ® (4ehause grim 342 Stk
« There is aimproved data availability on injection ® 0 o Riten -

————
v

moulding machines. Few machines are already 1O o0 icoange oStk mmmm
offering the export of process signals as curve data,
most of the new machines provide at least cyclical
parameters.

* In combination with Artificial Intelligence (Al), which
currently experiences a boom because it is made
possible by affordable computing power, there are
improved possibilities for process monitoring:

- employees will be able to look after a larger machine park

- lower scrap rates
- higher productivity

[LEAN Production]

) S ] This presentation is teaching material for OST-students.
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Use cases for injection moulding

Injection moulding machine with improved data availability

PowTotAct

Leistungsaufnahme gesamt

« Krauss Maffei Injection moulding machine o EIEVEA —
PX 120-380 at the IWK-lab with EietPosact

. . Inj1HopEdAct InfiHopTmpAct Inju1PosAct InjutVelAct
DataXplorer which enables the recording of: i | [
SchlieBeinheit
a Plastifizie\reinheit
%I% M bewegliche Seite feste Seite i Heizbander
Stimplatte Spng\esswerkzeug\ SdnEcke g
H H H Schl lind
- more than 50 different process signals with a P R DN InfiVelAct
- Werkzeugge schwindigkeit ] =] hneckenge schwindigkeit
sampling frequency of 200 Hz ﬁ?' NS InitPosct
e El e
. . ] - . Werkzeugposition — nj1VelVolAc
- setting parameters of the injection moulding | st
. . . PowDrvAct
machine with a sampling frequency of 0.6 Hz Lesungsoname [ ? | Inposvoiagt
Inj1NozClsAct -
Ry | Inj1RpmAGt
Inj1HtgTmp1(-4)Act Inj1HtgEd1(-4)Act Plastifizierdrehzanl
P_ITIM Zylindertemperatur Ansteuerung Zylinderheizung
Anforderung Menge Pumpe In'|1 NDZOEﬂSet Ini1PIstTraAct
Pee Fiir=y Plastiiziermoment t
Powinj1HtgAct
Anfi and'::u n : Er[lfkszltm pe InjiNozClsSet Lezi;‘l‘n”(?:;“ezi: g‘e Inj1PrsAct
Dise schliessen Druc"fl(a:t.lgfeéj;:;:cke
Pmp1PrsAct
Druck Pumpe (Ist)
Temperaturen
Leistungen
Oltempsratur Steuersignale
Position &
Ge schwindigkeit
Andere
) o S ] This presentation is teaching material for OST-students.
15 | Digind - LO4 - Process monitoring injection moulding 15. Marz 2022 Publication or forwarding (PDF, Video, ...), even in part, is only OST

permitted with written permission of the authors.



Use cases for injection moulding

Possible application: Fully connected production cell for automated process setup

A Model- ‘
= S . | training | Update
Q@ R A NG By y
2 - = Visuali-
2 Ana|yﬁcs Database sation
.g Optimized process
3 parameter Data-
I ion
: aggregatio 9
Connectors | bi-directional -
S A AL o X A ;:’)n pie
g > = o| £ £l 5| 29 =y s E = 2
e 2 o 2|3 ° o =0 .= 1 c o
5 = B 5| G| SE a9 g5 =2 =
£ 8 € %3 | o| &6 * o8& =
= S T ) = a ) =
o t :b:b#
E —
@
Q.
§
Fy
H°IR°

[Plastics Industry 4.0]

S ] This presentation is teaching material for OST-students.
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Dealing with Big Data in injection moulding

Digind - LO4 - Process monitoring injection moulding

15. Marz 2022

PARAMETER

@ Anpresskraft
Duse

@ Plastfizierzeit
@ staudruck
@ Einspritzzeit

@ Einspritzge-
schwindigkeit

@ Einspritzdruck |

Einspritzen

Einspritz-
einheit

Schnecke

@ rosition

@ Drehmoment

@ Drehzahl

© Leistungsaufnahme

Diise
@ Temperatur
@ Oruchmesser

@ Reduktionsfaktor
Spritzdruck

Zylinder

@ Temperatur
Schmelze

@ viskositat Schmelze

@ Zonentemp.
Heizung

© Einschaltdauer
Heizung

This presentation is teaching material for OST-students.
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beteiligte Ressourcen
mit Parametern

Prioritét
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Dealing with Big Data in injection moulding

Which data do | need? - Injection moulding process database

VERFEINERUNG SPRITZGUSS

Plastifizieren - -
und Dosieren

Nachdriicken -
und Kiihlen

—
Granulat Granulat T Schmelze T T Formteil flissig T Formteil fest fertiges
. In Maschine in Einspritzeinheit ¢ ¢ Formteil
. Einspritz- Einspritz- Lo
Trichter 1spri Formwerkzeug 1sprit SchlieBeinheit
einheit einheit
PARAMETER PARAMETER Schnecke Zylinder PARAMETER HeiBkanal Temp.-Gerat PARAMETER PARAMETER
Mat.-Tempearatur 0‘ Anpresskraft @ Position Q Temperatur Temperatur Q Temperaturen o Temperatur '@ MWachdruck m Schliefkraft
Mat.-Restfeuchte Dlse @ Drahmoment schmelze kavitatsnah (Sellflst) Vorlau @ wachdruckzait @ schliefenposition
Plastifizierzeit - it | ruc ist - Tem i
Mischungsverhiltnis @ Plastifizierzei © Orehazahl @ viskositit Schmelze Innendruck ] ;:Irsr':;rg“i L] “Ecﬁ:r: ur © Nachdruck- © Kernzugkraft
Batch D staudruck I . @ Zonentemp. Temp. Scthmelze - " - geschwindigheit -
Leistungsaufnahme Heizun pro Regelzone velumanstram @ Kernzugposition
Flllstand Granulat Einspritzzeit - & Versatziberwachung . : @ Restmassepolster o
Ei ; Nadelbewegung . @ Auswerferkraft
- . inschaltdawer . . Druck (Varlauf/ - .
@ Einspritzge Diise Durchbiegung Pasition und o @ Kihlzeit .
. RN Heizung S Ritcklauf) @ Auswerferposition
sehwindigkeit @ Temperatur Verschlels Geschwindigkeit
@ cinspritzdruck | : e Elnspritzdruck I Lelstungs @ Auswerfer vorizurick
S Druchm . . spritzdru
@ Druchmesser Mat_-Ablagerungen aufnahme m Ablagekraft Insert
Reduktionsfaktor Stellgrad
Spritzdruck fegelung

[VDI-Statusreport — Industrie 4.0 in SpritzgieBunternehmen]

18 | Digind - LO4 - Process monitoring injection moulding
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VDI-
PROZESS-
MODELL

SPRITZGUSS

LEGENDE

Prozessschritt
technologischer
Teilschritt der Prozess-
kette

Input-/Outputobjekt

Materialohjekte mit
Zustandsbeschreibung

. Fertigungsmittel
beteiligte Ressourcen
mit Parametern

. Informationsobjekt
sonstige Eigenschaften

| Verfeinerung
¢ detaillierte Darstellung

eines Teilmodells

Prioritat
@ Muss
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Wunsch
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Dealing with Big Data in injection moulding

What data quality do | actually need?

« High-frequency signals vs. slow signals
- Injection pressure [bar]
- Nozzle temperature [°C]

" Inj1PrsAct (har
= | 1 Nt HIgTmpt 1 Act (C)
Ci_
(3]
[=3 o
L=
L=z}
~
=)
=
g I8
el
[=3 C!_
Al
gz
872 1
o
(=10 P
o qo
=124 L
o
=™ " L]

10:32:16.0 10:32:18.0 10:32:20.0 10:32:22.0 10:32:24.0 10:32:26.0 10:32:28.0 10:32:30.0 10:32:32.0 10:32:34.0 10:32:36.0 10:32:38.0

- If, for example, the injection pressure can only be recorded at low frequency, valuable information is lost
(e.g. maximum)

This presentation is teaching material for OST-students.
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Dealing with Big Data in injection moulding

What data quality do | actually need?

* The data recorded by the injection moulding machines is used for machine learning purposes.

* |In a first step, therefore, as much data as possible should be recorded, recommendation for machine
learning: curve data of various process signals

- with 100-200Hz sampling frequency: injection pressure, screw position, plasticizing torque, screw speed, mould
position, ejector position and force, WID signals, trigger signals for process phases (injection, holding pressure, etc.)

- with 1Hz sampling frequency: cylinder temperatures and power consumption (per zone), temperatures and mould
heating (per zone), data temperature control units (temperatures, flow), ambient conditions

 |n addition to the process parameters, the setting parameters should also be exported, so that direct
changes to the process can also be detected.

This presentation is teaching material for OST-students.
20 | Digind - LO4 - Process monitoring injection moulding 15. Marz 2022 Publication or forwarding (PDF, Video, ...), even in part, is only OST
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Dealing with Big Data in injection moulding

Data preparation

« For machine learning you can either work directly with these data curves, means with curve-based
methods, or with feature-based methods.

CRAFTED ®)
| ceptuRES O MW eoao #l:
DEEP | \ & / !!!
LEARNING % | LEARNING @
MACHINE y | MACHINE
|
OUTCOME \L
REPRESENTATIONS 42
THE PARADIGM SHIFT

[
|
|

OUTCOME U2 ‘
|
|

[Deep Learning with Py-Torch]

) o o ) This presentation is teaching material for OST-students.
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Dealing with Big Data in injection moulding

Data preparation

The large amounts of data (Big Data) can be reduced by feature
building to work with feature-based methods for machine learning.

The goal is to reduce curve data (or image data) to as few features as
possible while retaining as much information as possible.

Possible methods:
« Statistical feature building (local and global features)

« KPI based on expert knowledge

Feature based-methods are easier for implementation und better
understandable.

) o S ] This presentation is teaching material for OST-students.
Digind - LO4 - Process monitoring injection moulding 15. Marz 2022 Publication or forwarding (PDF, Video, ...), even in part, is only
permitted with written permission of the authors.

o

CRAFTED O 2
FEATURES Q) % \ @& @
\ N
LEARNING ®
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[Deep Learning with Py-Torch]
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Dealing with Big Data in injection moulding

Feature building: Statistical Features

« Global features (applied to the whole time signal)

- Global maximum s;..(0) = max (sj(o, kT))
Global minimum sj . (0) = min (sj (o, kT))
Mean Simean(©) = = 2023 (57(0,kT) )

. RMS Sims(0) = [FERZ(s5(0,KT)?)

- Variance Sj,qr(0) = Var (sj (o, kT))
Crest factor Sj . (0) = %

» Local features (applied on on limited time intervals, e.g. injection phase)
Same calculations methods as for global features

This presentation is teaching material for OST-students.
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Dealing with Big Data in injection moulding

Feature building: KPIl based on expert knowledge

« Another approach is to work directly with process

parameters (e.g. injection work, flow coefficient, integral WID,

‘ 2 FlieBzahl
changeover pressure, etc.). ¥

i

Einspritzdruck
Y

Ny

« These parameters are based on expert knowledge from . s
the plastics industry and can often be calculated and recorded 3 essssans
directly by the machines. These process parameters can also 4 2 Einspritzzeit
be calculated from the curve data described above, if they can
be recorded.

an.pr t2en = Ipnmw/’ tzon ds 3 2 .
; Einspritzarbeit

<

Einspritzdruck

5 s

Einspritzweg

[Handbuch Spritzgiessen]

This presentation is teaching material for OST-students.
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Dealing with Big Data in injection moulding

Feature building: KPIl based on expert knowledge

Beschreibung

Fliesszahl

Einspritzarbeit

Nachdruckarbeit

Maximaler Einspritzdruck
Umschaltdruck

Umschaltpunkt

Massepolster

Massedruck beim Nachdruck
Einspritzzeit

Dosierzeit

Zykluszeit

Drehzahl

Drehmoment

Staudruck

Maximaler Werkzeuginnendruck
Werkzeuginnendruckintegral
Einschaltdauer jeder Zylinderheizung
Temperatur jeder Zylinderheizung
Einschaltdauer Heisskanal
Temperatur Werkzeugheizung
Temperatur Temperiergerate
Durchfluss Temperiergerate
Maxmimale Werkzeugtemperatur
Werkzeugtemperatur Einspritzphase
Umgebungstemperatur

Luftfeuchtigkeit Umgebung

Einheit

[bar*s]
I

[
[bar]
[bar]
[mm]
[mm]
[bar]
[s]

[s]

[s]
[1/min]
[Nm]
[bar]
[bar]

[%]
[°C]
[%]
[°C]
[°Cl
[I/min]
[°Cl
[°C]
[°Cl
[%]

Berechnung
Integral Massedruck Uber Einspritzzeit

Integral Massedruck Uber Einspritzweg

Integral Massedruck Gber Nachdrucksweg

Max Einspritzdruck wahrend Einspritzphase

Druck bei Ende Einspritzen

Schneckenposition bei Ende Einspritzen
Schneckenposition bei Ende Nachdruck
Mittelwert Massedruck wahrend Nachdruckphase

Sumvalid Trigger Einspritzen

Sumvalid Trigger Plastifizieren

Mittelwert Drehzahl beim Plastifizieren

Mittelwert Drehmoment beim Plastifizieren
Mittelwert Massedruck beim Plastifizieren

Maximaler Werkzeuginnendruck

Integral Werkzeuginnendruck

Mittelwert Ansteuerung Zylinderheizung

Mittelwert Zylindertemperatur

Mittelwert Ansteuerung Werkzeugheizung

Mittelwert Temperatur Werkzeugheizung

Mittelwert Temperatur Temperiergerate
Mittelwert Durchluss Temperiergerate
Maximum der Werkzeugtemp

Werkzeugtemp zum Start der Einspritzphase

Digind - LO4 - Process monitoring injection moulding

Anzahl Werte pro Zyklus

1
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Dealing with Big Data in injection moulding

Data preparation

The other approach is to work directly with curve data.

« A big advantage of curve-based models is that the features do not
have to be found by the user, but are learned implicitly by the
network.

« Thus, for example, curve progressions (or correlations) that can only -
be represented by complicated features can also be taken into LEARNING
account quite simply. i

« Disadvantage of these models is the depending upon enormous
memory and computation effort which is needed. In addition, the
debugging of a non-functioning model is also very difficult. cutcome U2

REPRESENTATIONS

« The most well-known applications for curve-based models are
language models (since information is to have influence partly over
sentences) or for example temperature or stock price forecasts.

[Deep Learning with Py-Torch]

This presentation is teaching material for OST-students.
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Data acquisition in injection moulding «»-Iya:
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Data acquisition in injection moulding

How do | get the data out of my machine?

In the field of injection moulding, standardised interfaces / communication protocols offer a possibility for
"simple" data export:

« Euromap 77 (OPC UA)

- simple standardised data exchange, but the sampling frequency is limited to approx. 2 Hz (depending on the
subscription the machine or device allows)

- currently only available on very new machines
- developed for the cyclic export of process parameters

 Euromap 63
- less standardised and the sampling frequency is also limited (maximum is approx. 1 Hz)
- widely used on newer machines
also developed for the cyclic export of process parameters

cUROM P

European Plastics and Rubber Machinery

This presentation is teaching material for OST-students.
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Data acquisition in injection moulding

Data storage / upload

To ensure that the data can be recorded and exported in the desired quality, device-specific solutions must
often still be implemented. Thus, there is a different solution for data recording for each injection moulding
machine at the IWK.

IPCs from Siemens and a DAQ-C system from iba are used for data storage and upload.

b
b
y

Data recording no yes yes
Data upload yes, manual programming yes, through ibaPDA yes, manual programming
timestamp from machine from DAQ-C for all devices from Raspberry Pi

) o S ] This presentation is teaching material for OST-students.
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Data acquisition in injection moulding

Implementation: Cloud & platform solution and specific DB solution

Different data export / connectivity options as well as different data storage solutions will be demonstrated.
Therefore, the following two main solution variants will be developed:

Variant 1 (Cloud- & Plattformlésung) Variant 2 (specific local database solution)
Siemens Mindsphere - Solution from the company iba
AT IR ERL )
ZeLIEHT Mindsphere TN = s R B
Y. . i o f L], e A
All process data as "raw data" in the cloud - All process data as "raw data" and calculated process

Visualisation of process parameters parameters in a database

Visualisation of process parameters with ibaDaVIS

This presentation is teaching material for OST-students.
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Data acquisition in injection moulding

Networkplan — OST-network

Machine hall injection moulding

Ul-14.14

3x free

Arburg 570H 2000-800

iba DAQ-C

RaspberryPi Touch

]

-

—
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U1-14.15

2x free

Fanuc Roboshot a s-150ia

Single Smart Line

Single Smart Line

RaspberryPi Touch

—ll|

RaspberryPi Touch

Uu1l-14.1 Ul1-14.2

1x free

Switch Fertigungszelle

SmartPower 60/210

Raspberry Pi Battenfeld

HB-Vario-5

HB-Vario-5
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1x free

—1l|
- ~
. -

. KraussMaffei PX120-380
o

HB-160Z1

RaspberryPi Touch

i HB-160Z1

Gerat fur Daten-

aufzeichnung / -upload
(Datenbank / Mindsphere)

— Ethernet

OST-Netzwerk

@%’l Siemens IPC KM

Weitere Geréte:
(Anschluss an freie Netzwerkdosen)

i/lé Kistler Como Neo

l Smart Factory NB
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Data acquisition in injection moulding

Data flow injection moulding

E . "fé(_i KraussMaffei PX120-380 ' =

[ § |-
— DataXplorer

copy

)

/.%/ Siemens IPC KM
= 5 =

DatCoordinator

Q)

alll

copy

/%'I// Siemens IPC Engel

Gl

iba DAQ-C # @ #

ibaPDA DgtCoordinator
ibaAnalyzer

, Smart Factory NB
w Raspberry Pi Battenfeld
5
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Raspberry Pi Raspberry Pi ,
’ Versuchsdaten KM ‘ Versuchsdaten Engel w/ RaspberryPi Engel

raw data KM

raw data Engel

raw data Arburg / Fanuc / Battenfeld {D

o C% o) KPI Arburg / Fanuc / Battenfeld / KM
HKPla . 2)ia
= N,
& ~—
raw data Arburg / Fanuc / Battenfeld / KM pickosafte

SQL Server

I_/!g Kistler Como Neo
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Data acquisition in injection moulding

Battenfeld Smart Power 60/210

Data recording with iba DAQ-C

Data from the injection moulding machine

*  Euromap 63 (via Raspberry Pi)
Curve signals with 0.5 Hz sampling frequency rather cyclical values
Process parameters and setting parameters

»  Sensor signals from the machine control cabinet
Curve signals with max. 1kHz sampling frequency (via /O module)

Data from the tool

»  Cavity pressure sensors 1 channel
Curve signals with max. 1kHz sampling frequency (via control cabinet and I/O module)

Peripheral and environmental data

*  Temperature control units Wittmann Tempro Plus D (via RS232 & NPort)
Curve signals with 1Hz sampling frequency

*  HB-Vario 5 unit (via OPC UA)
Curve signals with 1Hz sampling frequency

*  Ambient temperature and humidity (via /0O module)
Curve signals with max. 1kHz sampling frequency (via I/0O module)

Trial data

* Input via touch screen (via TCP/IP)

33 Digind - LO4 - Process monitoring injection moulding

RaspberryPi Touch (trial data)

TCP/IP Q
_*DI 1

EUROM P

SmartPower 60/210

°C 244

% 475 '

Raumkombifiihler

=

iba I/0O-System

T RS232 TCP/IP

=

Wittmann Tempro Plus D N-Port Converter

i !~/ . HB-Vario-5 q
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Data acquisition in injection moulding

Input for manual / trial data

To ensure that the recorded data can also be assigned to the corresponding trials, information on the trials is
required in addition to the process data. For this purpose, each machine was equipped with a touch display
with which the test data can be recorded but also the process data can be visualised.

Versuchsdaten Setup Zykluszahl Umgebung Peripherie (Temperiergerate)
Oosr OOST
Projektnummer Material Umgebungstemperatur Vorlauf AS Rucklauf AS
770-1100-02 PP MD231U Zykluszahl 90
Projektbezeichnung Werkzeug .
Entformungskrifte Entformungskraft D18 ZYKLENZAHUZURUCKSERZEN 25.40 80.00 78.86
[T Qe e © © wk
Versuchsbezeichnung
Testversuch
Maschinenbediener o Luftfeuchtigkeit Vorlauf DS Rucklauf DS p— g
@ & ~ g &
Smart Factory @ Techpark
Smart Factory @ Techpark 19 3 80 02 79 40 rerrrrrrerr
Exponence oy 4.0 - B "

) o S ] This presentation is teaching material for OST-students.
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Data acquisition in injection moulding

Data visualisation

In addition to data recording, the
visualisation of the data is also a central
objective:

- Edge2Web application in Siemens
Mindsphere

* data from the local database can be
visualised with ibaDaVIS (picture on the
right).
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f— Dashboards

— Battenfeld Smart Power 60/210

Time Filter

05.01.2021 15:30:09 - 05.01.2021 16:28:09

g Druckverhaltnisse Prozessphase Einspritzen K2 ] Kennzahlen Prozessphase Einspritzen
KPI_Battenfeld - Records: 114

e fee b e

g,
on s v,

0%

Pt Sl TR Sovy
15:45

e

+ max_Einspritzdruck

KPI_Battenfeld - Records: 114

et asemsrresns§ [16.22, 191.84)
* . Fliesszahl:57.9% (66)

2021, 5 Jan, 16:10:54.000
® max_Einspritzdruck:921.69

50

g Prozessdaten und Prozesszeiten
KPI_Battenfeld - Records limited ta 100 of 114

Datum

05.01.2021

05.01.2021

05.01.2021

05.01.2021

05.01.2021

05.01.2021

05.01.2021

Startzeit

16:33:24

15:37:08

15:31:33

15:36:30

15:35:16

15:37:26

15:31:51

Zyklus
0259
0271
0253
0269
0265
0272

0254
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33.3
25
.
0 2.6
0
et persseangeeee, \\:j:l’ Q\a? ’b,,\’;" ‘!_Q\ &
16:00 161 - 4
+ Umschaltdruck
Projektnummer Projektbezeichnung Versuchsbezeichnung
7702013 Unihockeyball Test Ostfarben
770 2013 Unihockeyball Test Ostfarben
770 2013 Unihackeyball Test Ostfarben
770 2013 Unihockeyball Test Ostfarben
770 2013 Unihockeyball Test Ostfarben
770 2013 Unihockeyball Test Ostfarben
7702013 Unihockeyball Test Ostfarben

Fliesszahl

Werkzeug
Unihockeyball
Unihockeyball
Unihockeyball
Unihockeyball
Unihockeyball
Unihockeyball

Unihockeyball
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Data acquisition in injection moulding

Notifications

« Highly automated , increasingly connected
production environments and constantly growing
amounts of «industrial data »

Action/Reaction -

Temperotur susserhald des Normbereichs Temperaturuberwachung

ausserhalb des

« Several applications with complex information
dashboards and for concrete maintenance tasks
available, but ...

« How can manufacturing workers at the shop floor
be informed about the current production status
and potential interventions?

INSTANDHALTUNG
BENACHRICHTIGT \

[PRISM Preventive Intervention in Smart Manufacturing]

permitted with written permission of the authors.
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Data acquisition in injection moulding

Further use of the recorded data

The created database also provides other possibilities, for example automated process protocols:

1. Automated calculation of process parameters

2. Creation of the protocol for a given cycle

Inclusion of trial data, process curves, process parameters, setting parameters and also images of the
process.

This guarantees that the process is documented completely and always in the same way. In addition, the
exact settings and parameters for each cycle are documented.

permitted with written permission of the authors.

This presentation is teaching material for OST-students.
37 Digind - LO4 - Process monitoring injection moulding 15. Marz 2022 Publication or forwarding (PDF, Video, ...), even in part, is only OST



38

Data acquisition in injection moulding

Further use of the recorded data

INSTITUT FUR WERKSTOFFTECHNIK

ka UND KUNSTSTOFFVERAREBEITUNG

O

SPRITZGIESSPROTOKOLL

Maschinendaten

Maschine / Modellnummer | Battenfeld Smart Power 60/210 300210

Steuerung / Version Unilog BEP | 19.51

Schneckendurchmesser 25 mm

Dise Verschlussdise @ 3 mm

‘l?l hsd; ! -bedi g

Projekinummer 7713348 Dafum 29.01.2021

Projektbezeichnung Haftungsversuche TKP Uhrzeit 14:34:26

Versuchsbezeichnung TrAegerbauteil Zykluszahl | 0008

Maschinenbediener LOI dat-File Battenfeld_0008_2021-01-29_14.34.26
Werkzeug Haftungspruefkoerper 1. Komponente Umgebungstemperatur 27.40)°C
Material Ultramid B3WG10 Luftfeuchtigkeit 23.02|%

Kurvendaten / Prozessphasen

700~ ”$p(riliaruck (bary

600-  [|Tmgger Dosieren |
[ Trigger Nachdruck |

500 L

[Thgger Einspritzen |
400~ Nachdruckzeit. 6.99 sec }—
300- f— Einspritzzeit: 0.68 sec Al

Dosierzeit: 3.49 sec

200+ I

100~
0=

sec |

5

=

75

1 I~ T2 schneckenposition (ccm)

w

- - = Schliessweg (mm) ra
o 2 fo | — Auswerferweg (mm) / |
2518 y | ‘ |

375

9
|

325
\

575
1

\

5
L
275
|
2
1
|
|
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Prozesst te (Ist-Parameter)

Phase Einspritzen Phase Dosieren Zylinderheizung
max. Einspritzdruck 720.55 | bar Dosierweg 16.12 |cem Temperatur Dise * 300.00|°C
Einspritzgeschwindigkeit * T.44 comis | | Drehzahl * 81.44 |rpm Temperatur Zylinderkopf * 300.00 | °C
Fliesszah! 351 |bar's | | Staudruck * 98.19 bar Temperatur Einzugszone * 301.00|°C
Finspritzarbeit 10 [J weitere Kennzahlen / Prozesszelten Temperatur Flansch * 3100|°C
5’””2‘9%““ 51;'[1); | rykuszeit 2761[s | Wenkzeugheizung

Al SIS ] izt 2250 s Temperatur Zone 1* 750.00/ °¢
Phase Nachdruck Leistungsaufnahme Maschine =~ 2'738 W Temperatur Zone 2 * 750.00°C
N;;”d’”‘:hf: mk 6;’177;2 :ar’s Werkzeugtemperierung [omperaticon i I
mittierer Nachdruc! s ar Temperatur Zone 4 * °C

p .

Nachdruckarbeit 25514 Feste Ser!e‘(VURL) * | 105.04 | 103.82 ,C
Massepolster 18] & Bewegl. Seite (VL/RL) |104.99|103.84 |°C « — Gber den Zykius gemittelte Werte

Einstellparameter (Soll-Parameter)

Schiiesseinheit Werkzeug und Peripheriegerate Plastifiziereinheit
Werkzeug schliessen Werkzeugheizung Zylinderheizung
Schliesskraft kN Temperatur Zone 1 270.00 °C Temperatur Diise 300.00 °C
Temperatur Zone 2 270.00 °C Temperatur Zylinderkopf 300.00 °C
Werkzeug ofinen Temperatur Zone 3 ‘C Temperatur Einzugszone 300.00 °C
Geschwindigkeit 500.00 mm/s | | Temperatur Zone 4 °'C Temperatur Flansch 4000 °C
Werkzeugtemperierung Einspritzen
Feste Seite | Bewegl. Seite | | Einspritzvolumen 10.8 cem
Voriauftemp. | 105.00 | °C 105.00 °C Einspritzgeschwindigkeit 6.00 ccmis
Hersteller HB-Therm HB-Therm Umschaltvolumen 520 com
Modell HB180Z3 HB140Z3
Seriennummer|  213-1849 | 606-7597 | Nachdrck
Nachdruck Stufe 1 700.00 | bar
Production View Nachdruckzeit Stufe 1 050 s
Nachdruck Stufe 2 700.00 | bar
Nachdruckzeit Stufe 2 6.00 s
Dosieren
Dosierhub 15.00 | cem
Dosiergeschwindigkeit 150.00 | mmis
(Umfang)
Dekompressionsvolumen 1.00 ccm

This presentation is teaching material for OST-students.
Publication or forwarding (PDF, Video, ...), even in part, is only
permitted with written permission of the authors.

15. Marz 2022



Uses Cases for injection moulding
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Use cases for injection moulding

Overview: use cases for injection moulding @ OST

Use case 1. anomaly detection
« Use of internal machine data for anomaly detection and logging events at occurrence

* Proposal of an appropriate countermeasure

Use case 2: quality data prediction

« Use of internal machine and tool data (cavity pressure) to predict quality of injection moulded parts

Use case 3: preventive and predictive maintenance

« Use of internal machine data for the evaluation of the condition of key components of an injection
moulding machine (e.g. non return valve)

« Determination of the time for a replacement

This presentation is teaching material for OST-students.
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Use cases for injection moulding

Anomaly detection: trial design

* 4 test series, part: ice scraper, material: PP
- Trial series 1 (72 parts) - reference trial series = ice scrapers lie within the tolerances
- Trial series 2 (56 parts) - calcified cooling channels - temperature of the mould temperature medium increased
- Trial series 3 (57 parts) - batch fluctuation - cylinder temperature increased
- Trial series 4 (52 parts) - wrong material > 10% foreign material added

 Database

« Process curves recorded with
the DataXplorer

weight 1 AARAAAAN

width

- Additionaly the corresponding
quality data were measured
(shown in picture on the right)

‘HA lip distance j length
i ) i

S ) This presentation is teaching material for OST-students.
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Use cases for injection moulding

Anomaly detection: classification of trial series

« Can ML be used to anticipate process anomalies based on internal measurement signals?

so . Aeviva
o Vi

581 o w2 i
O V3

S Brr V4 -

(=

8 .

S 561 OO?%OQI) O |

5 e} o)

% 55 o @g o £C -

(@]

g8 | ®o |

§ 54 o

(&

(&)

53 _
52t i
51 1 1 1 1 1

2.565 2.57 2.575 2.58 2.585 2.59 2.595 2.6

injection pressure crest factor

trial series V1-V4 can be completely classified with just two important features (a linear discriminant
analysis (LDA) was used for the actual classification of the trial series)

) o S ] This presentation is teaching material for OST-students.
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Use cases for injection moulding

Quality data prediction: results

« Test sets (random data from the trial series that were not used for the development of the models) were

used to test the models by predicting the quality data of the already moulded parts.

test set - weight test set - length test set - width

test set - lip distance

Very good prediction of quality data of NEW components, based only on internal machine data

150.5 76.75 23F
measured measured - measured
o] dicted O dicted D7 A3 @] i
predicte 156.4 OO } predicte | | predicted | .| ) |
g
D 1503} S 7665 3 22|
o 2 ©
2
150.2 [ 76.6 3 215
o= OX measured
O predicted
: : : : 150.1 - - * * 76.55 ; * * ; 2.1 : : ; *
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
trials trials trials trials
] weight length width | lip distance
STD-Error o 0.009 g 0.017 mm 0.014 mm 0.032 mm
o
CV = ; 0.03 % 0.02 % 0.02 % 1.38 %
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Use cases for injection moulding

Predictive maintenance: defect non-return valve

Operating principle non-return valve: prevents the melt from flowing back over the screw bars

:> Otherwise no reproducible production is possible; undefined dwell time of the material in the cylinder
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Use cases for injection moulding

Predictive maintenance: trial design

« A well-known anomaly in the injection moulding process is the wear of non-return valve

- To simulate this anomaly the ring of a non-return valve was artificially damaged, means notches with different depths
were milled

» 5 test series, part: ice scraper, material: ASA
- Trial series 1 — intact non-return valve
- Trial series 2 — damaged non-returned valve, notch depth 0,20 mm
- Trial series 3 — damaged non-returned valve, notch depth 0,33 mm

- Trial series 4 — damaged non-returned valve, notch depth 0,67 mm

) ) non-return valve with
- Trial series 5 — damaged non-returned valve, notch depth 1,00 mm machined notches

« Database
- Process curves recorded with the DataXplorer

) o S ] This presentation is teaching material for OST-students.
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Use cases for injection moulding

Predictive maintenance: classification of trial series

« With damaged non-return valves the screw covers significantly longer distances during holding pressure
phase, scattering increases with higher wear - already known in industry

screw position (in ccm) as a function of time Classification of various damages in a non return valve with PCA (first 2 PCs)
T T T ¥ T T

110 j . 0.3
intact ’
100 - 033 |- O intact
0.67 O 0.33
90 1.00 |4 0.2r o 0.67 T
0.20 1.00
80 - - =) O 020
3 0.1
70 . g
o
£ L . >
§ 60 z 0
50 - i O
o)
-0.1
40t . &
0 7 1st PC score seems to be a good indicator for the
- lasticizi depth of the notch
20 injection paé m— ejection Fwd | p
holding pressure gaoing sleclianfrew 1 | |
10 & | 1 | 1 | | | | - -0.3 : :
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 04 03 02 -0 0 0.1 0.2 0.3
time Samples 1st PC (PVE:42.15%)

The wear of the non-return valve can be clearly detected with the component scores of a PCA -
probably the damage can even be reliably estimated
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Use cases for injection moulding

Predictive maintenance: use of an auto encoder

« Can ML detect these anomalies even before the machine operator and determine the time for a

replacement?

- Results of additional trials with an unhardened non-return valve and high reinforced PPA material:

Auto encoder (neural network
with different levels)

Reconstruction error
calculation with RMS

features recalculated features

Yes, anomaly can be detected right from the start

62 Digind - LO4 - Process monitoring injection moulding 15. Marz 2022

Reconstruction error in function of
cycle number
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Use cases for injection moulding

Predictive maintenance: use of an auto encoder

« Can ML detect these anomalies even before the machine operator and determine the time for a
replacement?

- Results of additional trials with an unhardened non-return valve and high reinforced PPA material:

Identification of anomalies Reconstruction error in function of
cycle number

195

191

reconstruction error

85

=
=
e

Reconstruction Error (MSE)

number of cycles

1. minimal screw position = melt cushion
2. variance screw position

002 4

T T T T T T T
1] 1000 2000 3000 4000 5000 BO00
Number of Observation

Reason for anomaly can also be identified by comparing and ranking the reconstruction error of the
used features

permitted with written permission of the authors.
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Model for the implementation of machine learning in the factory

Investigations showed that a step-
by-step approach to implement
Industry 4.0 in plastics processing is

target-oriented.

Digind - LO4 - Process monitoring injection moulding

Collect existing data

Goal Machine Learning

Define

use case

Identify and define

Clean up data
use case

Build and train the
model|

Capture new data Modell validation

Relate data to the

use case Optimize the model

Building Model

L

[ ]

)

ICT Factory

— 4 Implement

Define target vision
of ICT landscape

Select pilot
machine/ line

Define operational
new process for
data driven factory

Define machine
conncetions

Define data storage
strategy (cloud,
database)

Set up Communi-
cation in the factory

Data strategy
(security, partner,
back up)

Step wise rollout
(in the plant, global)

Running Model
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Smart Factory components and roadmap

« Due to the existing knowledge in the field of plastic production technologies and robotics, these areas also
serve as central elements of the smart factory.

« The networking and the development of data export for the machines of the IWK served as the initiation for

the development of the smart factory, which is now to be continuously and diversely expanded.

2019 2020

Plastic processing machines
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2021 2022

Production and assembly cells
(Rapperswil / Buchs)

Robots >

Additive Manufacturing (metal / plastic)

2023

CNC machines (metal workcenters)
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Smart Factory @ OST

Implementation partner: competencies united

INSTITUT FUR WERKSTOFFTECHNIK

IWk UND KUNSTSTOFFVERARBEITUNG

* Plastics processing
« Data acquisition and processing

m I PEK INSTITUT FUR PRODUKTDESIGN,
ENTWICKLUNG UND KONSTRUKTION

* Industry 4.0
I \ Institut fir Technologiemanagement
v?

IPM Institut fur Informations- und
Prozessmanagement

- SAP

- @
IMP Institut fur Mikrotechnik und YA Universitit St.Gallen

Photonik * Production strategy

* Mechatronic systems ¢ Business models

\

.
- INSTITUTE FOR I Lj - INSTITUTE FOR LAB AUTOMATION
I NETWORKED SOLUTIONS AND MECHATRONICS
« Network and cloud infrastructure * Robotics
« Security « Automation solutions
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Smart Factory @ OST

Outlook: production cell

A manufacturing cell is / was set up in the Techpark for the
production of

« a floorball with individual color configuration starting from
quantity 1.

« an OST-gadget (wireless charger)

Goals:

- Demonstration of the possibilities of an automated production
cell with continuous data acquisition

« Complete product traceability

« Complete coupling with an SAP system
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Manufacturing cell floorball

ANALYSIS AND OPTIMIZATION
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welding
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Outlook: production cell floorball - overview

== Linear handling injection moulding machine

Interim storage

floorball
Injection moulding machine
el Conveyor belt
Output storage " e L o
floorball g

Measuring cell

Welding machine
floorball

Collaborative robot
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Process steps

Handling
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Smart Factory @ OST

Outlook: production cell - production flow OST-gadget

PG>

Injection moulding machine cell

Injection moulding QR-Code Matriq
machine

o

Measuring cell
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Conveyor belt

Interim storage

A
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Assembly cell OST-Gadget @ Campus Buchs

This presentation is teaching material for OST-students.
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Outlook to Exercise 04

This presentation is teaching material for OST-students.
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Angewandte Digitalisierung in der Industrie

EO4 — Processing and evaluation of process data

Practical course with ibaAnalyzer (on own laptop):

« Analysis of curve data (data from preliminary tests on the injection moulding machines)

e Calculation of KPIs

« Creation of automated process protocol

permitted with written permission of the authors.
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Thank you for your attention

Curdin Wick MSc.
curdin.wick@ost.ch
058 257 47 70
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