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Case study: problem statement

Customer requirements Issue Proposed solution
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Weight and thickness estimation
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Experimental

Materials Recorded parameters
Three flexible PVCs with different viscosities Single Screw Extruder: barrier screw, 60 mm
Hardness, g S-PVC K70, CaCo,,
Material density, —— Screw speed N, rpm
ShA cm % %
Barrel and die zone temperature

PVC A 80 1.44 43 28.8 Process P

PVCB 78 1.52 34.2 39.3 parameters (zoneno.1,2,3,4) Ty, °C

PVC C 80 1.35 52.9 15.3

Pulling speed v, m

min

Design of experiment System Die pressure drop AP, bar

parameters Melt temperature T ., °C

Factors Levels
; . cm3
Material PVCA, PVCB, PVCC Volumetric flow rate Q, <2
Output min
Die diameter, mm 17, 18, 20, 22 .
parameters Outer diameter D, mm
Screw speed N, rpm 10,15,20,25,30,35,40,45,50,55 Inner diameter d, mm

L: [145,150,155,155,145,150,150,150]

Temperatures set, °C
H: [155,160,160,165,155,155,155,155]

Y

216 runs
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Experimental results

Experimental results: extruder throughput Volumetric flow rate prediction models
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Flow rate prediction: analytical models

Tadmor & Klein model Wall slip model
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Machine learning models

Machine Learning Regression model: Flow Rate prediction
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Regression results

Model evaluation

10-folds CV

Regression method test error

3
RMSE, <&
min

Analytical (Tadmor-Klein) 45.00
Analytical (Slip Model) 29.26
Data-driven

Polynomial 10.35

Regression

SVR 8.61

MLP Neural Network 9.24
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Metric
RMSE In-sample error 6.09
cm?
min Out-of-sample 7.73
In-sample error 0.78
MAPE

% Out-of-sample

0.89
error

This regression model is thus
suitable for predicting the
extruder flow rate with the
required accuracy




Algorithm schematic
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Setup simulation results
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Benefits of manufacturing digitalization

. scalability and exponential growth of the business
. automate production

enable new business models

acquire large amounts of data

improve efficiency

manage processes through software

pursue mass customization
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Enabling factors

* Increased ease of use of technologies

e Cost reduction of technologies (sensors,
microcontrollers, etc.)

 Machine-to-machine communication (lloT)

e Last-generation communication networks (4G,
5QG)

* Increase in computing power (cloud computing)

* Better performing network security systems

* Development of artificial intelligence (deep
learning, machine learning)
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Industrial Internet of Things (l10T)

Stage 1 Stage 2 Stage 3 Stage 4
Internet Gateways,
The “Things” Sensors/Actuators Data Acquisition Edge IT Data Center/Cloud
(wired, wireless) Systems (analytics, (analytics, management,
' (data aggregation, A/D, pre-processing) archive)
Primarily measurement, control)
analog data
sources =y
e EImE .‘ g A
Devices, AR
machines, l ] e
people, tools, d
cars, animals,
clothes toys WiF, Cellular Satefite Hubs

environment,
buildings, etc.

k WIF, Celubar, Satélite Hubs
4
o B

B[]y =

Visualization E
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Digital Twin vs. Model

» Manual Data flow

» Automatic Data flow

Digital model Digital shadow Digital twin

Physical Physical Physical
object object Digital object
.

-
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Types of Digital Twins (Shadows)

Status Twin Operational Twin Simulation Twin
Typically used for basic It is linked to a set of actions or Leverages different types of
condition monitoring workflows where users can simulation or artificial
applications such as interact with the twin and intelligence capabilities to
dashboards and simple alerting change operating parameters predict, forecast, or provide
systems. It indicates operating where control capability is insight into future operational
parameters and is generally allowed. states.

created with visualization
tools.
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