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Overview:

« Computer Integrated Design
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* Industrie 4.0
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The Impact of Information and
Communication Technology(1) *

Hypermedia Multimedia Socialmedia (1)
Interlinked Documents Interlinked Media Interlinked People
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MOSALC amason
World Wide Web Java, UML, XML Web Services
Web Web 1.0 Web 2.0
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The Impact of Information and
Communication Technology(2) *

Socialmedia (2) Cyber-Physical Media Future Media
Interlinked Interlinked
Enterprises Systems

?

# Plattform

4.0

loT, l0S, loD, ...
Industrie 4.0 Components

App Technologie

Web 3.0 Web A.B Web X.Y

2010 2015 2020
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i | | 4. Industrial Revolution
First Programmable based on Cyber-Physical
Logic Controller (PLC) Systems _
Modicon 084 4th Industrial
. I 1969 Revolution
el - AN E. 3. Industrial Revolution
k' ! PR (;k by electronics and IT for B ustrial
A enhanced automization in R luti
First assembly line production evolution 2
Union Stock Yards 1870 E)
o
2. Industrial Revolution £
| by mtroductl(_)n of _shared ond Industrial 8
First mass-prodution with help , o
mechanical loom of electric energy Revolution ©
1784 ()
-l
1. Industrial Revolution
by introduction of 1st Industrial
manufacturing plants -
with help of hydro power Revolution
J and steam power v v v 5
End of Beginning of Beginning of the Today time
18th Century 20th Century 1970s

Source: Kagermann, H.; Wahlster, W.; Held, J.; (Hrsg.) : Bericht der Promotorengruppe Kommunikation. Im Fokus: Das Zukunftsprojekt Industrie 4.0. Forschungsunion, 2012
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Approaches for Smart Systems

Cyber

Functional integration Integrated
cyber-physical systems

Meshaniy m o Fﬂmwk ; p

Cyber Physical (CPPS)
Systems

(CPS)
Smart Systems
(Smart Sensors
Smart and Actuators)
Sensors
Strukt nzumg. on Aktoren,

d Reglern

Smart Factory Smart City

u H Condition Monitoring * 4 g

Smart Grid Smart Logistics ~ Smart Products - Structural Health Monitoring [ i

Remote Diagnosis E P
o A
Remote Control
Communicating Cyber-physical systems enable
’H( (self-)controled systems communication, monitoring, control
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RAMI 4.0
Reference Architecture Model Industrie 4.0
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Source: Umsetzungsstrategie Industrie 4.0, BITKOM, VDMA, ZVEI; April 2015
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Reference Architecture Model Industrie 4.0
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Quelle: nach Umsetzungsstrategie Industrie 4.0, BITKOM, VDMA, ZVEI; April 2015
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Industrie 4.0-Komponente

Industrie 4.0-konforme Kommunikation X

/-

Gegenstande

Gegenstand

Gegenstand

Industrie 4.0-Komponente
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Quelle: Umsetzungsstrategie Industrie 4.0, BITKOM, VDMA, ZVEI; April 2015
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Industrie 4.0: Cyber-Physical Systems
Embedded Systems enabling CPS and CPPS

Physical
Production
Systems
Cyber Physical (CPPS)

Systems
(CPS)

Smart Systems
(Smart Sensors
Smart and Actuators)

Sensors

Embedded
System
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Cyber Physical Systems are resulting from two views:
» “cyberizing the physical”
for specifying physical subsystems with computational abstractions
and interfaces and
» ‘“physicalizing the cyber”
for expressing abstractions and interfaces of
software and network components to represent physical systems’
dynamics in time [LEE2010]
Source: [LEE2010] Lee, E. A.: CPS Foundations. In: Proceedings of the 47th Design Automation

Conference (DAC). ACM/IEEE, June, 2010, S. 737 — 742
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Industrie 4.0: Internet technologies
Internet of Things, Services and Data

!(
£

S
67

Internet of Things (IoT) %
« Communicating objects based on internet technologies RF%

» Detection and identification using IPv6-addresses (128 bit address space)

. Sg\éiggan%eig:entification and location of physical objects @ ©Bluetooth JMBUU'JH”HUJJJUU“
« Communication through connectivity
» Every physical object might be equipped with an IPv6-address

Smart
Logistics

Internet of Sevices (10S)

* New approach to provide internet based services ot

« Concepts for product specific services on demand, knowledge provision and R Engieering
services for controlling product behaviour

* Interaction between people, machines and systems to improve added value

» Service based added value processes

Internet of Data (loD)

« Data is managed and shared using internet technologies

* Cyber-physical systems are producing big data

* Fundamental prerequisite: Development of a holistic security and safety culture
—> establish sustainable trusted environments

» Manage big data: integrate product and production data
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Holistic Approach for Security and Safety

Safe and secure Industrie 4.0-prozesses

Application Layer 1

Safe and secure cyber-physical systems

System Layer 1 1 l

Safe and secure things Safe and secure Data || Safe and secure Sevices
Reliable and robust machine control Encryption Usability righty
Authentification Data signatur Trusted environments
Attestability Non-adulteratability User identity
Integrity
Technology Layer

" 4\N
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Implementation Strategy

value added chain

Information new business models

Interconnection and communication

value stream analysis and identification of
improved value creation based on
interconnection and communication

Industrie 4.0 for
the Enterprise

use cases specification for
application szenarios

detailed description of how to inprove
flexibility and efficiency

Spezification of
Use Cases

implementation roadmap, connectivity

spezification of the ICT-infrastructure, Implementation
technology selection (e.g. web services), Strategy
holistic security ans safety concept
implementation plan, production processes Implementierung
\D production data flows, control structures e Comes

’H( functional operations
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What Is Industrie 4.0 and
how will it create the new growth?
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Overview

3. Use Case Scenarios
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Use case 1:
Components as information Carriers (1)
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Zylinderboden 308 e i e ey
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HAUPTMEND ALLEEINZELTEILE BAUTEL FERTIGUNG EINZELTEIL

Zylinderboden Abmessung _Soll-Wert [mm] _ist-Wert [mm] _Abweichung [mm]
210.054

S&

@Fertigung
@Montage
Foto

Verantworticher Galaske
Fertiger Heimrich
Farbe grtin
Zielprodukt 86.005
Zeitstempel T Ider Daten
30.11.2013 080203 Beginn W_005 Atbeitsvorgang=1
30.11.2013 08:02:41 Ende W_005 Ambeitsvorgang=1
30.11.2013 083245 Beginn W_002 Arbeitsvorgang=2
30.11.2013 08:3346 Ende w_002 Atbeitsvorgang=2
30.11.2013 085005 Beginn W_001 Arbeitsvorgang=3
30.11.2013 08:51:23 Ende w_001 Abeitsvorgang=3
30.11.201309:01:06 Beginn w_007 Atbeitsvorgang=4
30.11.2013 090405 Ende w_007 Atbeitsvorgang=4
30.11.2013 093009 Beginn W_006 Aibeitsvorgang=5
30.11.2013.09:30.59 Ende W_006 Ambeitsvorgang=5
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Use case 1.
Components as information Carriers (2)

1] -
m Industrie 4.0
A

HAUPTMEND ALLE EINZELTEILE BAUTEIL FERTIGUNG EINZELTEIL
Status i i i Werkz: Maschine Stlickzeit
T -
g 1
7 Industrie 4.0
\
L 2
- 3
® 4 DMC 50H
W =
- 5
m Industrie 4.0
\
Arbeitsraum Werkzeug W_002 (Typ T1)
Einsatzzweck Bestlickungszeit 01.06.2013 16:00:00
Hauptspindel
He:
Kol
Ma:
Messsystem:
Steuerung
Vorschubachsen
Vorschubgeschwindigkeit
Vorschubkrafte

::::::

......
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Datenmanagement

» flexible intelligent Worker
Assistance Systems

g
5
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H
]
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i 3
H
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+ Datenberaitstellung (Bautaidaten)
itistollencaten® * | 3 il ! *2B Sup
* Intallig

Use Case 1

> paperless integrated quality
assurance

» component as
information carrier

> uniform data
management

Use Case 2

» Value stream improvment

» real-time capable
production controlling

einheit [j
l

Netzwerk

Smart Bridge
(Pepperl+Fuchs)

Use Case 3

» Condition and Energy
Monitoring

Supermarkte
+ Bestande
*  Umschlag

Maschinen & Anlagen o
«  OEE N A 7
«  Zykluszeiten ) !
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Use Case 2 — Efficient Production Hegeif'é'&ﬂ.ﬁ%rﬁﬁt . UNIVERSITAT

X 4,2 DARMSTADT
Environment of an offensive for increasing efficiency
Challenges Globalization Shortage of Dynamiz_ation of

resources product life cycles
Convincing products for future markets

Key success Cost Quality Time Flexibility
indicators

Leverage | IS (A6 Efficiency of Efficiency of Efficiency of
investments employees processes resources and
energy

Efficiency of
networks

Source: Abele, Reinhart; Zukunft der Produktion: Herausforderungen , Forschungsfelder, Chancen
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Project Structure & Goals “3 DARMSTADT
: Content: Goals: f Industrietyp
Project phase: —— : o

= |dentification and Analysis of : ' o

S : = Demonstration of

Pilot study existing Good-Practice potential and the Verneizungs. S

examples in the industry particular benefit — ’%}m

o\“‘\e'(\\5 V\‘“\)‘\go\\c% Cog %"f/r o

» |mplementation Auswahi:
» Development of a Concept ® e
Concept : concepts for
of Implementation for : , ® oo
development selected Examples experimental field |
P puiduponcip B |
Hard- and Software = Experimental field
Demonstrator Implementation of the in real production

conceptualized examples environment

Implementation ot _
and Validation of benefit

= Didactic revision of the = Provision of
Knowledge results. Buildup of expertises expertises and
transfer for industrial partners. competence of
Implementation of a methods of hessian
workshop series companies
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Use Case 3:
Additive Manufacturing (1)
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Use Case 3: Additive Manufacturing (2)
Monitoring a Manufacturing Process
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b = = - = - -

il Temperature Control ProgreseXtrUded
O State materlal

Machine State: Printing
File: 1xdik_8 5mm.gcode
Estimated Print Time: -
Timelapse: -

Height: 0.20mm

Print Time: 00:00:57

Print Time Left: 00:44:51
Printed: 15.7KB [ 746.3KB

monitoring the
manufacturing
progress

&= Print Il Pause M Cancel

Ty

iy

@ progress of the overall
progress of the manufacturing job

\D current Ia@yer \
IK |
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Use Case 3:
Additive Manufacturing (3)

A TECHNISCHE
UNIVERSITAT
DARMSTADT

-

-

JIk

January 20, 2015 | Mechanical Engineering | Department of Computer Integrated Design | Prof. Dr.-Ing. R. Anderl | 27 Folie 27




What Is Industrie 4.0 and
how will it create the new growth?
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Overview

4. Transfering Industrie 4.0 to Industry
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Platform Industrie 4.0

Technische Universitat Darmstadt
Prof. Dr.-ing. Reiner Anderl
Sprecher des Beirates
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Helmut-Schmidt-Universitat Hamburg
Prof. Dr.-Ing. Alexander Fay
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Systems Engineering F Universitat Oldenburg
g Prof. Dr.-Ing. Wolfgang Nebel
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Produktionssysteme 2 = -
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Univ.-Prof. Dr. Michael ten Hompel

Universitat Passau
Prof. Dr. Gerrit Hornung, LL.M.
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The New Platform Industrie 4.0

Plattform Industrie 4.0

Leitung
BM Gabriel, BM‘in Wanka

Vertreter Wirtschaft, Gewerkschaft, Wissenschaft
Politische Flankierung

Technisch-praktische Kompetenz, Politische Steuerung, Gesellschaft, Aktivititen am Markt
Entscheidung Multiplikatoren
Lenkungskreis Strategiekreis Industriekonsortien
{(Unternehmen) (Politik, Verbinde, Gewerkschaft, und Initiativen
* Leitung durch Unternehmer Wissenschaft) Realisierung am Markt:
unter Beteiligung BMWi, BMBF * Leitung StS Machnig, 5tS Schiitte Priifstinde, Anwendungsfille
® AG-Leitungen und weitere Gaste/ * Vertreter Lenkungskreis
Promotoren ® \ertreter Bundeskanzleramt, BMI
Industrielle Strategieentwicklung, technische ® Vertreter Arbeitskreis Bundeslander
Koordinierung, Entscheidung und Umsetzung » \lertreter Verbinde (VDMA, ZVEI,
BITKOM, BDI, VDA, BDEW)
Arbeitsgruppen * Vertreter Gewerkschaft (IG Metall) Internationale
® Vertreter Wi haft (FhG A
* Referenzarchitektur, Standardisierung ertreter Wissenschaft (FhG) Standardisierung
und Normung Agenda-Setting, politische Steuerung, Konsortien, Standardisierungs-
* Forschung und Innovation Multiplikatoren gremien, DKE u. &.

® Sicherheit vernetzter Systeme

* Rechtliche Rahmenbedingungen
* Arbeit, Aus-/Weiterbildung

* Weitere nach Bedarf

Arbeitseinheiten mit technisch-praktischer -

Kompetenz; Beteiligte Ressorts BMWi,

BMBF, BMI, BMJ, BMAS T .
Industri 4.0 -~ Made in Ger,

Leaders Dialogue zum Sta-t de Pltfarin e ¢

many

24,4201 kANNDYZR wzsse

Geschiftsstelle als Dienstleister

Netzwerkkoordination, Organisation, Projektmanagement, interne und externe Kemmunikation

Stand: 13. Marz 2015
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Implementation Strategy for Industrie 4.0
Status: 14. April 2015
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omom  Pvoma  zve Industrie 4.0
Components J — L
Umsetzungsstrategie
Industrie 4.0

Ergebnisbericht der Plattform Industrie 4.0

RAMI 4.0

Research and
Implementation
Roadmap
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Research and Implementation Roadmap

of the Platform Industrie 4.0
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2015

IMPLEMENTATION STRATEGY

£
2
Bremen b
Methods for new —— .
Horizontal integration business models -
via value creation @ Rl Berl
Methods for framework " A eriin
networks Value creation networ \ Potsdam |2
Paderborn S
Automation of value creation networks [\’_V 7
<L “E a
Seamless . . - Q\ .
engineering throughout Integration of real and virtual worlds at Lemgo 3 Chemnitz
life cycle _ i _;Jf DA N7 ————
Systems Engineering & s‘g} ™y )
r—’I '_b -!"\._x:r-}l
e ] , o -1 Darmstadt 2
Vertical integration and Sensor data analysis and derivation of dai . —— f,”xﬁ——g
networked P {,-—J’J s -
production systems Intelligence - Flexibility - Adapta|  Aachen @ lgersheim
L T W
& :
New social Multimodal assistant systems . L‘L\ B
infrastructures Kaiserslautern A Minchen
for work Acceptance of technology and nature of wc } »
Stuttgart
Karlsruhe :
. Wireless communication for Industry 4
Continuous
development of hybrid .
technologies Security & safety
Industry 4.0 platform with reference architectures and decentralized service-oriented architecture
January 20, 2015 | Mechanical Engineering | Department of Computer Integrated Design | Prof. Dr.-Ing. R. Anderl | 32 Folie 32




TECHNISCHE
UNIVERSITAT
DARMSTADT

The Internationale Dimension

European
Commission |
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European Activities
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Quelle: European Commission
DG CONNECT, Unit A3, ML

¥
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EU-level Initiatives

» Application PPPs: FoF, SPIRE
» 14MS

» Smart Anything Everywhere
» ICT PPPs

Multi-region Initiatives
» Vanguard

Overview of Digital Manufacturing

Initiatives across Europe

Sweden
» Produktion 2030
» IoT

United Kingdom
> High Value Manufacturing
» Action Plan for Manufacturing (Scotland)

Belgium

» Made Different

» Flanders Make (Flanders)
» IMinds (Flanders)

France
> Usine du Futur
» FoF Ile-de-France

Portugal
Produtech

National initiatives are in blue
Regional initiatives are in green

European Commission
DG CONNECT, Unit A3, ML

Netherlands
Smart Industry

Finland

» FIMECC PPP Programmes
(MANU, S-STEP, SIMP,
S4FLeet)

» Industrial Internet Business
Revolution

» IoT pilot Factory (IoT PFF)

Poland

» INNOMOTO

> INNOLOT

> Digital manufacturing for the SME
(Mazovia)

Germany

» Industrie 4,0

Smart Service World
Autonomik fur Industrie 4.0
It's OWL (Ostwestfalen-Lippe)
Allianz Industrie 4.0 (Baden-
Wiarttemberg)

YVYVYVY

| » Produktion der Zukunft

Austria

> IKT der Zukunft

Italy
» Industria Sostenibile

» Fabbrica Intelligente
» Ass. Fabbr. Intell. Lombardia

Spain
» Estrategia Fabricacion Avanzada -BEG,.
(Basque region)

Greece
Operational Programme in
Region Western Greece
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What Is Industrie 4.0 and
how will it create the new growth?
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Overview
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Conclusions

Industrie 4.0 is a key initiative of the German hightech strategy supported by the
German government and to be implemented by industry.

Key strategy of Industrie 4.0 is the creation of new innovation for smart systems such
as smart products, smart production systems, smart logistics or smart grids

based on the integration of internet based communication and embedded control
software to ensure sustainablity and environmental soundness.

Future research activities will also need to address
- safety, security, privacy and knowledge protection,
- new business models as well as
- human factors impact

New advanced engineering methods are required to support the developemnt of
smart products able to self-control their functionality and to communicate with other
smart systems as well as with humans.

Industrie 4.0 is a fscinating technology and each enterprise has to decide whether
and if so how to implement Industrie 4.0.
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Source: Potthast Fachschaftenkonferenz
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