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physical system
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Figure 1. A manufactured product integrated with the Digital Twin through the use of loT
technology.

Forcetechnology.com. 2021. Digital twins. [online] Available at: <https://forcetechnology.com/en/services/digital-twins>
[Accessed 21 September 2021].
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i Project Background

This Project involves working in
conjunction with Siemens and
Perceptive Engineering on
developing an advanced digital
twin of a continuous drug
manufacturing plant located at
the University of Sheffield (DiPP).

The digital twin of the DIPP is
constructed by integrating

= advanced mechanistic models;
» advanced control system; &

» cloud technologies.

1: Twin screw granulation 2: Fluid bed dryer 3: Cone mill 4: Blender 5: Tableting machine
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Construct an advanced digital twin of the DiPP by integrating advanced mechanistic models, advanced
control system and cloud technologies.
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Investigation of how small change in humidity and temperature in environment affect product quality
B £
. e
=
. - [ ]
| Optimise
L

Improve the sustainability performance of the DIPP plant using the digital twin
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@ e | Key features...

Sustainability

o High fidelity index :
Remote monitoring models ey Plant analysis
Digital Model - Continuous
i : rediction y 10 LI5€ -
Plant optimisation Bdenins Dashboard manufacturing

Digital Real time

operation/offs monitoring

Plant simulation FRIERETT: ~and Plant visualization
simulation
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Remote working is more prevalent Continuous manufacturing in Pharma
than ever

Cloud platforms are more secure Easy and fast access to information
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& Enabling Digital Technologies @

Digital
twin

» Optimization  Data visualization » Geometric modeling

Simulink Tableau AutoCAD

FLEXSIM Data V UG

Beacon FLOT SolidWorks

Predix Python

* Physical modeling tools

« Simulation  Data fusion Simulink

3dMAX MATLAB ANSYS

Abaqus Predix Solid works

Simulink Beacon PSE
* Diagnosis » Data transamination * Behavioral modeling tools

MATLAB MindSphere Twin Builder

Ansys Predix ADAMS

3D experience Thingworx Composer

Aspera
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1. Model the plant

using high fidelity

= Our Approach

2. Build a virtual

asset of the plant in

3. Design a control
strategy in Pharma

4. Data Integration
design

models

For simulation and
digital model prediction
control.

MindSphere

To collect data from the
operating physical product

Allow historic and real time
data insight can be

Access by multiple stake
holders
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Control strategy will be
linked to gPROM formulated
product to reduce waste and
optimise the plant
performance

Allow for a full integration
with real-time data exchange
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> & Step 1: Model Development

Sheffield.

A mechanistic model of the manufacturing line is being developed on PSE’s
gPROMS Formulated Products to model the Diamond Pilot Plant (DiPP) unit
operation using high fidelity model
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Optimised Process
Parameters
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e Build
flowsheet
model of the
DIPP

 Integrate
virtual
sensors and
sustainability
models to the
flowsheet

* Estimate

parameters
and
analyse
uncertainty
using
process
data

Carry out
experiment
and update
initial
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* Verify the
model

« Carry out
sensitivity
analysis

gPROMS FormulatedProducts
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77 Experiment Design
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Miscellaneous Files
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) i gPROMS FormulatedProducts

Sheffield.

Mechanistic model used in gPROMS for each unit

Nucleation

Barrasso et al.,2015

Selection function
Austin, 1976 Tensile strength model

Mass transfer
Burgschweiger et al.,2002

Layering Reynolds et al, 2017

Breakage function
Austin, 1976

Cameron et al.,2005

Breakage
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Iveson et al.,1996

Twin screw granulation
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. Step 2: Virtual Asset Development

Data-driven services based on MindSphere SIEMENS
) _ enable new business lngenuity for life
A virtual asset of the manufacturing
_ EEEEER _ ”ne iS being deve|0ped on MindSphere - O\lnsight e A
= = : The cloud-based, open i iy ; 1
: : MindSphere to allow data T BRGEtiG At | |
|

T transmission of the Diamond Pilot |

Gain immediate insights on

Plant (DlPP) Sensors to the CIOUd ; Sl whole fleet as well as individual
e e i Pty ] CORERRENS assets using own, Siemens or
********************************* — . ‘MindSphere &  -------------o--------parinerapps
Real World ~—s .o N ———aa, —ea p
2 ' 3% o :
————— Data Action ——
@ i =

actionable results to

;o O MindSphere enable users to e S . . & . & Trensominshisin

visualise, analyse and manage both Configure data collecton as well as TR YRR YT Y increase uptime |~ =
1 01 01 01 01 o1 1 01 1
. . . connectivity quickly and easily T e L o and efficiency
g’ real-time and historical data on cloud S « @R e s
servers. Siemens.sharepoint.com.mcas.ms. 2021. [online] Available at:

<https://siemens.sharepoint.com.mcas.ms/teams/Connected_Curriculum/SitePages/MindSphere-Training.aspx>
[Accessed 21 September 2021].
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Onboarding

* Connect
MindSphere
Nano
connect
hard drive to
Pharma MV
local pc and
to router

Sphere workflow

Creating a

virtual asset

* Create
aspectin
MindSphere

» Create asset
type for
templating

» Create the
DIPP asset
using asset

types

Data mapping

* Create a
Nano
connect
asset in the
MindSphere

* Map the
DIPP asset
in
MindSphere
to the Nano
connect
asset

Advances in the Digitalisation

of the Process Industries

Nano connect

=

Control room



The
; University
yo Of

e Step 3: Designing Control Strategy

%ERCEPTIVE
User Interface ENGINEERIN

Development

The Pharma MV will be used to integrate process
data and PAT data using multivariate analysis and
design the control Strategy for the DIPP

Configuration Development Data Table Data File Trend

et e BT
wwwwwwwwww

-----

The Pharma MV is a suite of software tools
employed at the Diamond Pilot Plant that uses

multivariate analysis, modelling, data visualization,
process monitoring, control and optimization.
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e Pharma MV Workflow
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Workflow
. Controlled
Integrat i
ntegrate Ma'nlpulated variables
Process variables

Data

Apply » Moisture content of granules

Process
Response
Test

PSD of the granules

Structure
the
controller

Tablet strength

Building a
dynamic
process
model

Sustainability index

Tune and
evaluate
the
controller
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Connect gPROMSFormulated

1 Product to MindSphere to update
kinetic parameter using process iannunsassnsgiibunnnnnsenee: il
data - @ Dat Assat
Create a digital model predictive Domror| [wzorr| [ | [
control by sending measured Ostapont | [Omapont | [Yenatle | | varsi

2 variable data to
gPROMSFOffﬂUlated PrOdUCt and Documentation.mindsphere.io. 2021. Getting Connected to MindSphere.

. . [online] Available at:

Send|ng back mampUIated <https://documentation.mindsphere.io/resources/html/getting-
variable data tO Pharma MV connected/en-US/115370998027.html> [Accessed 21 September 2021].

Step 4 C indSphere f
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temp_C_set_point) + TempRateIn/10;END

Connect gPROMSFormulated
4 Product to MindSphere for digital
simulation

SIEMENS
ngesssty for tfe

Connect Mindsphere to Pharma
5 MV to allow remote access to data
and allow to multiple connect
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J . Data Visualisation

Wiz serves as a framework for
interactive dashboards that
can be utilized by anyone to
visualize big data effectively.

By deloying the software in
MindSphere one can;

e visualise real-time data from
process equipment in multi-
dimensions.

e Carry out data analysis for
troubleshooting

Balzer, C., Octavian, R., Zandi, M., Fairen-Jimenez, D. and
Moghadam, P., 2020. Wiz: A Web-Based Tool for Interactive
Visualisation of Big-Data. SSRN Electronic Journal,.
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Early results

Mass density distribution
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The Aspect Types

University E a r | r e S u S i ¢ Granulator_System
Of \ \ armD

Sheffield.

Description
SinumerikBasicAlarms v

BhammhEsycCanta Variables
SinumerikBasicMachineModel Name ¢ Unit Data type Max. length Default value
Fl et_Granule_Transfer m’th DOUBLE
SinumerikasicMachineStatus ) eI ; DousLE
DOUBLE
gl e ensor_Granulator_Barrel DOUBLE
Torque_sensor Nm DOUBLE
Air_Handling_System Defined on the following types
Granulation_Liquid_Addition_System
Granulator_System
Powdr_Faed_Equipment
Signal ID Tap Descripfion Machine Output Units System Location
Da‘ta m appl ng We 2 0| 1 [Weizht Sensor-Powder Dosing Unit 1 03
i) i 0| 1 [Weight Tansmiter-paider Dosing Unit L 03
AFl i 0| 1 (Caloulzted Wiass Flow Indicator-Powder Dosing Unit 1 03
1TEME X 02 | o | 1 |%peedMotor Fowder Dosing 1 [«
1TEME X 02| o0 | 1 |zt Powder Dosing 1{vet) Powder Feed Equipment [«
NS X 02| o | 1 |WehtPowder Dosing 1{et| 32 [«
MEZME X 02| ol | 1 |WezntPowder Dosing 1{Net| 32 _Limit [«
11BAME X 02| o | 1 |WezhtPowder Dosing1{Net| 32 L_Limit [«
&E AFIC | 02 | o1 | 1 |MessFlow Indicator Controller-Powdsr Dosing Unit 1 5
LET 03 | o | 1 |Leve! Sensor- Granulaton Liguid Tank 4 3
1T0ME A 03 | o | 1 |Contentindication- Granulation Liquid Tank 1 B
FE 03 | @3 | 1 |MassFiow Sensor- Granulstion Liuid £
FT iz} 03 | 1 [Mass Flow Trznsmitter - Granution Liguid Granulzfion Liquid Addtion System il
1244NE AFl iz} 03 | 1 (Mass Fiow Granulzion Liguid
1022ME FC 03 | 03 [ 1 |FlowController {variable voltage Controlier) 03 ot
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A The

e i Challenges

« Patent information

« Multidisciplinary hence support required

« Covid-19 pandemic delaying projects by months
* No systematic way of designing a digital twin

« Deferent formats makes integration difficult
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