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First of all let me introduce myself: Prof. Dr. Serge Zacher
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1967 17 Dr.-Ing. (Doctor of Engineering)
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Introduction: What is a digital twin?

Generally a digital twin is a software-model of some real system.
There are known two kinds of digital twins:

A for industrial production

A prototype for some product, ordered by a customer. It shell be used on
all stages of industrial production of this ordered product, compering the
actual state with the model und
worl do wi l |l be created from the
communicate with each other.

CO
nr

A for study and education

A software-model of industrial plants, which are simulated and
visualized similar to its industrial originals and synchronized with
them.
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1 Digital twins for industrial production
The conventional production is a sequence of operations
undependent of the features of the ordered product.
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1 Digital twins for industrial production

Instead of it a digital twin gathered all operations needed for
product and controlled the production according to it.

Production Digital twin
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1 Digital twins for industrial production
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2 Digital twins for education and study
2.1 Why digital twins are needed

A necessary part by the study of engineering sciences at
universities are practical exercises on the real technological
devices.

But only few educational institutions are financially supported
enough to implement a real industry process in own campus
or to build their own well-equipped laboratories.

To solve this problem the following laboratories are possible:

A Real world: pilot devices or its hardware-models

A Virtual world: simulations instead of real devices

A Weblaboratories: real devices placed far from user

A Digital twins: vizualized and synchronized simulations
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2 Digital twins for education and study

2.2 Real world: Pilot plants and hardware models

Pilot plants are physical A hardware-model is a box with the
models of the real systems, microcontroller, located inside.
which development and use  On the front panel of such a box
are associated with high are LEDs, which pictured the

COsSts. simulated industrial process.
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2 Digital twins for education and study

2.3  Virtual world: simulations

The success of programming and software design had opened
a new way of costs reducing for laboratories by engineering,
namely: the software-models (see an example of level-control).
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Anyway the virtual world has a significant disadvantage:
It cannot replace the practical exercises on the real industrial

devices. "
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2 Digital twins for education and study
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2.4 Web Laboratories: remote control of real world
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UTC Engineering Labs OnLine -
Experimental Lab Results Kpr=0.0217; Th=0.1; Tv=0.07;Tp=0.0035; p—rs T=0.1
The University of Tennessee at Chattanooga E_
T1=0.07
Experiment #33247
Date = 12/16/2007 4:41:12 AM —* Simulation tima 3 s
Name = Eduard+Imhof
Location = de-2007-emcs tepOto1
User-email address = imhof@heimannsensor.de by t=0.1 PID(s) 1 12 4/\ »
systen - SPEED '@ ’ 0.0035s + 1 0.07s + 1 T \/01
i = — otzeit=0.
Lengen of experinent(sec) = 20 KpR=0.0217 Tp=0.0035 Kps-12
Baseline Input(%) = 6@ Tv=0.03
Height of the Step(%) = -20
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RESULTS FOR STEP INPUT
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0.000 60.000 0.080
0.015 60.000 0.000
0.030 66.000 1.770
0.044 60.000 ©.000 External user
The WebLab is a combination of
remote control of labor equipment
with the databank and virtual tools
for data transfer from one campus to
the external user of another campus. | |
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3 Development of digital twins
3.1 Stages of simulations: MIL / SIL / PIL

A — e - — o—

PIL: Processor—ln—lhe—Loop

* rtwdemo_secondOrderSystem.c

C code

Model version

* C source code generated on

Code generation for model "rtwdesodlie

.

”~
: 1.42 %‘g’,
* Simulink Coder versien : 8.7 (R281 g

e 2
: Wed F \l\ob.f' \,OQQ/

]

’bﬁ% » PID(s) |—
N "&; controller:
N software-model

education level

controller-
hardware

industry-level

real controller

= aher
pqogtam

real control

visualization
real-time operation
synchronization

hardware-model
of reactor

real reactor

v)sef)'

13



Prof. Dr. Serge Zacher (Stuttgart, Germany) International Conference on ”S@‘l)’
Digital Twins for Education and Study of Engineering Science Life Sciences, Engineering and Technology R 020
www.zacher-automation.de

3 Development of digital twins

3.2 What are MIL / SIL / PIL?

Model of the plant is

Real controller and Controller code is
executed on one host

real plant are executed together
simulated with the with the software- (PC) and the controller
same software. model of the plant code is implemented on

on the same host. another host (a board).
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