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Demands on the companies

« The energy crisis and the careful use of resources reinforce the need for zero-defect
production. The resulting enormous cost pressure and the demand for continuous quality
monitoring pose new challenges for injection molding processors.

* Process monitoring and quality prediction and control play a decisive role when it comes to
Industry 4.0 in injection molding companies.

* In the context of digitalization, there are many interesting use cases designed to optimize
injection molding as a production process.
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There are two main challenges in implementing

1. There is a lack of awareness in practice, both for possible applications
and for the necessity of an implementation.

 How can | increase my value creation by using data?
 How can | use my data? What is the goal?
* What data do | need to implement a specific use case?

2. Learning from data requires a complete data base. Some questions arise here as well:
« Which signals do | need? Which signals are available at all?
« What quality of data do | need? Is the data available in this required quality?
« How do | get the data out of my machine?
« How do | synchronize data from different machines and devices?

Standardized interfaces / communication protocols offer a possibility for "simpler" RN UA
data export, but also have limitations
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Use Case Orientation — Key to success — Result Orientation
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Anomaly detection system for the injection molding process

Anomaly score from Algorithm LOF:

- Development of a machine learning-based
process management system to optimize the K
injection molding process

The following button starts and sinp s the
o tarted when the process works mmw nd opped when the
m\ should be dmdecedannml ndmpred
|.;. ountermeasures

g |

Training dataset size

@ o 50

The following text input can be used to log some annotations

! (comments) regarding the current cycle. For example: "wrong
countermeasure prediction, example_up would have been better'
! Comment input (press <ENTER> to save)
500
. . . Cycle Number
.« ML algonth ms for the ea rIy detection of anomalies Feature wilh most signifiant deviston st iep 705 _ S

and recommendations for countermeasures

Commissioned by

Schweizerische Eidgenossenschaft
Confédération suisse -2

Confederazione Svizzera

- ICOM and IPEK (OST)

- Kistler, KraussMaffei,
Geberit, Weidmann, Netstal

Confederaziun svizra
Swiss Confederation

Innosuisse - Swiss Innovation Agency
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Anomaly detection system approach
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Predictive maintenance: Defect non-return valve

* A well-known anomaly in the injection moulding process is the

wear of non-return valve [IKV] ‘{7///77/// 4,
« To simulate this anomaly the ring of a non-return valve was artificially “m\\, /
damaged, means notches with different depths were milled // Pie—
7 I
: . . T
3 te§t ser!es, palrt. ice scraper, material: ASA W//V/,’////,V//‘&
* Trial series 1 — intact non-return valve Schneckenspitze Spefring Drdcking

Trial series 2 — damaged non-returned valve, notch depth 0,33 mm
Trial series 3 — damaged non-returned valve, notch depth 0,67 mm
Trial series 4 — damaged non-returned valve, notch depth 1,00 mm
Trial series 5 — damaged non-returned valve, notch depth 0,20 mm

« Database Locking ring wi
_ _ ocking ring with
» Process curves recorded with the DataXplorer, Krauss Maffei machined notches
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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

Classification of various damages in a non return valve with PCA (first 2 PCs)

i _screw p?sition (inI cem) as a function of time . 0.3
intact o intact
100 [ 0.33 | o 033
0.67 0.2r O 0.67 |7
9 - ;23 7 1.00
: ~ O 020
sor S 0.1
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70 R
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5 eof o O
50 8
=)
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L | N e
30 1st PC score seems to be a good indicator for the
205 injection plasticizing i depth of the notch
: cooling ejection Rew | | |
holding pressure
10E | ! I 1 ! ! 1 1 e 03 I 1
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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 Reconstruction error

Reconstruction error in function of
with different levels)

calculation with RMS cycle number
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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:

|dentification of anomalies Reconstruction error in function of
cycle number

5 014 1
2 64
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012 1
S 2
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+ E
g 191 ": 008
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- £
B
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002 4
1. minimal screw position = melt cushion
2. variance screw position 0 1000 2000 3000 4000 5000 6000
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Quality Predicition

Quality characteristics: Measuring effort @ " @ N @ v
should not be underestimated X
A
3

The dimensional accuracy of the parts can f@ . %
only be determined 24 hours after
production. etere! P:ame‘ers " ijecton Moking . the Parts ater Procuction _ of he Parts afer 24h
_ . A% =K =
* Including of measurements directly after 2k, W fo) {e}

production can improve the accuracy

£
g s Phases in the process:
B 1 Closing the mould
2 2 Heating up the mould
§ 3 Holding pressure phase
© O % ) injection molding
‘G = £ £ 4 Demoulding of the part
2 15| = 24 h after production
] 2 g ]
@ e 2 & A
(] e
E :
a
Oh 24h time
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Floorball: Results
» Prediction of the part weight
 Already with a simple linear model a R? of approx. 0.85 can be achieved

« The model is improved by adding interaction terms, which allows a R? greater than 0.9.

Training- and Prediction-Data Test- and Prediction-Data
18 r 12 -
17 iy
- 11.8
116 |
15 ’ . L
= o0 116
= 114 =
= 80 14t
o0 13 Ko
o =
= n2 — 1.2
rain-
1.1 MSE 0.0632
L Test- 1+
11 AN MSE 0.0034
109
10.8
0 50 100 150 200 250 5 o =5 % A6 B pe
‘ Y-train-pred Y-train ‘
[ Y-test-pred Y-test |

Training- and Test-Data (random split 80% / 20%) with Stepwiselm regression.
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Build-up of a Smart Factory@OST

ANALYSIS AND OPTIMIZATION
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Physical model approaches to reduce test effort

* The next step is to physically represent part

shrinkage
OST - Gadget

« Combination of process data and material data
(pvT data, thermal data) @
——

« A simplified numerical simulation of the cooling
process and associated density changes R |
determines the process-induced processing ST Material data PROCESS
shrinkage (almost real time simulation) A R

Geometry data

Polypropylen

. it MODEL
@ o o[ o
o |
0- +
" YERE
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ON

il
F:::::EEE EI _:] . .

Initial Validation Test with the OST Gadget

 Classic Design of Experiment, systematically varying
shrinkage-relevant process settings

Processing shrinkage [%]

* Intital model validation using processing point 1 1214 16 18 20

 Material PP

* Length and width of a housing cover were measured
to determine the processing shrinkage based on the PROCESS

actual mass of the tool. o —
§ 5 dee
« Comparison between experimentally determined MODEL o
shrinkage values and predicted values showed a B
qualitatively good correlation across all process points. ' 4

I Measurement
— mmm Model prediction
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Development of a software prototype

= OPTx - Product Lifecycle Management Home | Progress | admin  { JOST

Ry -

Manage Project Ballhélfte
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<> ) :
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@ Comprehensive knowledge management
R (processes, materials, ...)
Artikel-Info
A sl Yosocains (@, & "Arbitrarily" scalable or expandable

Artikelbezeichnung

o

INSTITUTE FOR MATERIALS TECHNOLOGY OST
March 6, 2024 ka AND PLASTICS PROCESSING O

27 | Industry 4.0 and Digitalization in the Plastics Industry



SPE ANTEC® 2024 AGENDA

St Louis, MO« March 4-7 ) 7 A8 r_g
T 555..§—H—*—lula e s

IWK: Who we are

The challenges of digitalization

First step: Definition of use cases

Digitalization in injection moulding production

End-to-end digital product lifecycle management (PLM)

Potential in compounding and extrusion

Conclusions

28 | Industry 4.0 and Digitalization in the Plastics Industry March 6, 2024 BUIEE oo e e TECHNOLOGY O OST



SIJE

29

ANTEC® 2024

St. Louis, MO + March 4-7

POTENTIAL IN COMPOUNDING AND EXTRUS

Objective: Faster extrusion die tooling

Digital twin

» Transfer tool and process development for
profile extrusion from «trial and error» to
«virtual iterationy.

« The achieved profile geometry, including
shrinkage and warpage, can be virtually
reproduced.

« Using rapid CAD design with automated
features developed at ETH, Zurich

pall

Industry 4.0 and Digitalization in the Plastics Industry

«trial and error» — iteration

W

Validation

«virtual iteration»

Manufacturing

Design

&

Sampling Validation

Iteration Production
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Steps to an extrusion die: Cooperation with ETH, Zurich

Additive manufacturing in

Rapid CAD design with ”” Single and multi-flow -
steel and post-processing

Requirements -
for nozzle automated features \ CFD / FEA analysis
Automation

Simulation of each flow distributor

Target profile

0.011226

Nozzle inlets Detailed analysis at conjunction
- g | 3 i g G el -
AT 7 7 L 82mm |
o /// /'// I‘ VI

H
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Tests results for co-extrusion of high impact Polystyrene
Test result (grinding pattern)
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The challenge of data acquisition during compounding

« Compounding is a continuous process: Date can’t be assigned to a single part. But continuously
recorded and then assigned to different batches

» Main process steps are shown below. Each step provides important information for the process

| N . Melt
PREILITGL transport/

Source: OST; graphic: © Hanser

* The aim is now to record and evaluate this information from the compounder and its peripheral devices
as well as other sensors.

» A central data acquisition system will be set up at the IWK to record and collate the data and store it
using a common time stamp.
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Overwiew of the most influencing parameter of the compounding process —
simplified and divided into process steps

I
Transport into the compounder Melt transport/filtration m
Storage Pammeters Parameters Parametars Parmmeters Parmmeters
Pty Palma Palyme (Z5-B twin screw fieeder) (75-E0G twin screw side devolatlization) = Mlass temperatune = Temperature - Speed
0 'Fl'_l'l"-'f -"'F'r_“"r "'rr_"'ﬁ wTarqet speed <Vaum » Housing tempesature (2nd water separation)
Supplier Filler Fller Filler - Vacuumn FET (foed anhancement tachnology) - Volume flow
Additives Addlthves Addltives - M flow
Parameters = Wacuum dome fior visual inspection
Pammaters
«Wiskesd Torque iller
= Granulesize I
« Particle size distribution « AT pressUre Parameters Dosing cantroller: o Vaogum Parameters Farameters |
- Bullk deresity bulk welght - Axm miaksture - Wass flow E .-_“ 1 ‘1 « Inlet pressure Kridfe:
- Shrinkage « Alr temperature - Comecting varlable mM .. « Ouilet pressune - Contact pressure
- Elorwgation at break/ = Abm pressure = Dhaxsing factor Gearbox | '3’ J - Spes .
E-mesdulus « &tm malsture = Agitatar speed = Totaltzer « Tonque + Blade wear
- Hardness Share A0 « Ar temperature - S serew canveyor -Wedght In container LI T T T T T T T T « Pressure dFference water dirot aUtonemos
~Tersle strergth - At pressure -Vibration frequency « Target refill lirnit max | « Mass temperatre  Vave with fioat
« Shelf life LW = Mitrogen content = Target reill lirnit min. Parameters Parameters Parametars - Temparaturs water
 Engaged « Temperature comtol of the « Mass pressure » Heated by heating loop
- Disengaged process units « Mass temperature » Temperaturs control via hiest exchanger
« At pressure - Tempesziture of process unit » Flow rate
. Temperatura -Tempersture water
- Flows rate/tims Parameters Parameters
- Pulse time «Temperatura bafoes screen changer « Matedal flow mte
. X « Temperature after screen changer
» Tanque screw Parameters «Temperature screen changar « Process-dependsnt properties
« Atm degassing « Flow rate cooling water « Mazs pressure adapier befoe screen changer » Prysical properties
+ Dwell time « Tempesature cooling « Mass temperature before screen changer » Mechanical properties
« 5l {spectfic energy input) wates « Screan pston retracted/extended

Source: OST; graphic: © Hanser
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POTENTIAL IN COMPOUNDING AND EXTRU

Possible use cases for the compounding process

Use Case

Direct improvement of
product quality / process

stabilit

Indirect improvement of

product quality

Remote access

Predictive maintenance

Logistics

Optimization of energy
efficiency

With real-time access to the data and information during the process, material characteristics can be kept
constant. Based on the historical data, disturbance patterns can be detected by machine learning.

Different qualities / material properties are produced, to mix the different batches in a further step in such a
way that, for example, the desired viscosity is achieved.

The operator can access the most important process parameters of the complete plant online and in real
time. In addition to that, the most important information and specifically desired data are provided, for
example on monitors at the desired locations.

Through the targeted installation of sensors and the recording in a central database, the wear of the plant
can be monitored and optimized; access by external experts and thus early and more efficient maintenance
measures

The complete storage information of the materials used is recorded and entered into the data structure as
an upstream process. This enables traceability in case of process variations and monitoring and
optimization of storage.

Centrally recorded data for the entire plant, including all peripheral units, provide an overview of current and
past energy consumption for various processes and configurations. This data is the basis for optimizing
energy efficiency.
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Conclusions

Digitalization offers many opportunities

What are the interesting uses cases for my company? — Start with a workshop

Universities work in different research areas - they can provide valuable support

Digitalization requires collaboration between different disciplines
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