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Development of information and
communication technology (1)
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Hypermedia Multimedia Socialmedia (1)
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Development of information and
communication technology (2)
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Socialmedia (2) Cyber-Physical Media Future Media
networking Interconnected and
companies communicating systems
-y uINDUSTRIEA4.0
QL) ) 2
Q 3 % Plattform -
oo 4.0
Industrie 4.0
App technology component
Web 3.0 Web A.B Web X.Y
2010 2015 2020
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Approaches for smart systems UNIVERSITAT
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Improvement of the added value Further improvement of the added value
Based on functional integration based on cyber-physical systems

) Sensor f\(@
s Aktor /ey - J{: )

Controller Adaptlve controller

Adapironi

Networked and communicating systems Cyber-physical systems support
networking and communication

Condition Monitoring $ 4

i » Systems and Structural
Source: TU Darmstadt, Effiziente Fabrik 4.0 gource: TU Darms ‘ Health Monitoring rf. ﬂ

Smart Plant Smart Factory

Smart Grid Smart Products Sma?ftul:oglstlcs Smart Home Remote Diagnosis and Control

=
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« Sample Solutions
- Efficient Factory 4.0
« Competence Center Mittelstand 4.0
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Plattform Industrie 4.0 UNIVERSITAT
DARMSTADT
Chair
Ministers Gabriel, Wanka
Representatives of commerce,
trade unions, science
Technical/practical expertise Policy guidance, society, Activities on the market
decision-making multipliers
Steering body Strategy group Industrial consortia
(companies) (Government, business, and initiatives
* Chaired by business representatives, unions, science) Implementation on the market:
participatior_': 9f E.conomic Affairs and * Chaired by StS Machnig, StS Schiitte test beds, examples of applications
Rese.arch Mlnls_tnes * Representatives of steering body
* Chairs of working groups, other guests/ * Representatives of Federal Chancellery,
promoters Interior Ministry
Industrial strategy development, technical coor- * Representatives of the Lander
dination, decision-making and implementation * Representatives of associations (VDMA,
ZVEI, BITKOM, BDI, VDA, BDEW) International
Working groups L Representat!ves of trafde union (IG Metall) standardisation
. . * Representatives of science (Fraunhofer) . s
* Reference architecture, standardisation Consortia, standardisation
* Research and innovation Agenda setting, political steering, multipliers bodies, DKE and others
* Security of networked systems
* Legal framework
* Labour, training
® Others as required
Working units with technical/practical
expertise; participating ministries: Economic
Affairs, Research, Interior, Justice, Labour
Secretariat as service provider
Network coordination, organisation, project management, internal and external communication
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Mitglieder des Wiss. Beirats

Aachen
Prof. Ulrich Epple,

RWTH Aachen, Lehrstuhl fur Prozessleittechnik

Prof. Fritz Klocke und Dr. Werner Herfs,
RWTH Aachen, WZL, Fraunhofer IPT
Berlin

Prof. Thomas Schildhauer,

HIG, IEB

Prof. Giinther Seliger,

TU Berlin, Institut far Werkzeugmaschinenbau
und Fabrikbetrieb

Darmstadt

Prof. Reiner Anderl,

TU Darmstadt, Fachgebiet Datenverarbeitung
in der Konstruktion

Dortmund

Prof. Hartmut Hirsch-Kreinsen,

TU Dortmund, Lehrstuhl fir Wirtschaft- und
Industriesoziologie

Prof. Michael ten Hompel,

TU Dortmund, Lehrstuhl fir Férder- und
Lagerwesen, Fraunhofer IML

Hamburg

Prof. Alexander Fay,
Helmut-Schmidt-Universitat, Institut far
Automatisierungstechnik

W PLATTFORMZBNB

1aINDUSTRIEA4.0

Kaiserslautern
Prof. Peter Liggesmeyer,

TU Kaiserslautern, Fraunhofer IESE, Gl

Prof. Detlef Ziihlke,

TU Kaiserslautern, Lehrstuhl far
Produktionsautomatisierung
Karlsruhe

Prof. Gisela Lanza,

KIT, wbk Institut far Produktionstechnik

Miinchen

Prof. Manfred Broy,
TU Minchen, Lehrstuhl Software &
Systems Engineering

Prof. Gunther Reinhart,

TU Manchen, iwb, Fraunhofer IWU

Ofg%: Hamburg

- &

°
o

Oldenburg

s

oy ] Berlin

o
Aachen

Paderborn

) Dortmund |

Darmstadt

Prof. Claudia Eckert,

Saarbriicken

Kaiserslautem

TU Minchen, Fraunhofer AISEC

Oldenburg
Prof. Wolfgang Nebel,
Universitat Oldenburg, OFFIS

Paderborn
Prof. Jiirgen Gausemeier,

Universitat Paderborn, Heinz Nixdorf

Institut

Passau

Prof. Gerrit Hornung,
Universitat Passau, Lehrstuhl fur
Offentliches Recht,
Informationstechnologierecht und
Rechtsinformatik

Karlsruhe | :)]
Stuttgart

Passau

Miinchen

Saarbricken

Prof. Wolfgang Wahlster,
DFKI

Stuttgart
Prof. Thomas Bauernhansl,

Universitat Stuttgart, Institut fur Industrielle
Fertigung und Fabrikbetrieb, Fraunhofer IPA
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Implementation recommendations for 2 TEchische
Industrie 4.0 Effective: April 14, 2015 7 DARMSTADT
omom 7o zvel Industrie 4.0
component J Gogenstinie L
Umsetzungsstrategie
Industrie 4.0

Ergebnisbericht der Plattform Industrie 4.0

RAMI 4.0
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Implementation recommendations for
Industrie 4.0 Effective: April 14, 2015

Business models

@BITKOM 7 VDMA ZVEl:

Umsetzungsstrategie
Industrie 4.0

Ergebnisbericht der Plattform Industrie 4.0

Added Value
Use Cases
Examples of execution
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Model factory for Industrie 4.0

Unique selling point TU Darmstadt: Effiziente Fabrik 4.0

= Build on existing, real production system

Brown instead of Green Field

economic evaluation

Chemnitz

= People are the focus

Project partners

IG Metall

Institution/
employee association

Rittal GmbH

|

User Company
ESR Polimeier

j |

Supplier

= Statistical system for the organizational and

Quantification of benefits via
before/after comparison

» |[ndustrial use cases (application scenarios)

TE Ci

b g :em engineering
Druckmaschinen methods AG

-
-+zip=1ezRC- - 1 Z.E
User Company Supplier/Software Supplier
Software AG Pepperi+Fuchs Hottinger Baldwin
Messtechnik
5 softuware- I RET TN W)
BM
Supplier/Software Supplier Supplier
BR Automation Ostiing Memex GmbH
! ! 274
68 meme:

Supplier/Software Supplier Supplier
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Uses Cases - Efficient Factory 4.0
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Datenmanagement

Apfrage & Austausch

/
gl
£ H
SE |
H H T
ENE 3
= o H H
H o 5
H
=1
= Datenberaitstellung(Bauteildaten)
noaten © | 3 d| 3 " 2.B. Sup
= Intallig

Use Case 4

» Flexible intelligent worker
assistance systems

Use Case 1

» Paperless and integrated
qguality assurance

ﬁ Datenbank
T

2y7

»Components as
information carriers

» Unified data
management

Use Case 2

» Digital value stream image

> Real-time capable
production controlling

Smart Bridge
(Pepperl+Fuchs)

e

Netzwerk

Use Case 3

» Condition and energy
monitoring

Supermirkte
+ Bestande
*  Umschlag

O™
v‘l“"s?/'
’/‘;\é\\a\

Maschinen & Anlagen
OEE
. Zykluszeiten
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Uses Cases - Efficient Factory 4.0
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Use Case 4

»Components as
Information carriers

»Unified data
management

Use Case2

| o ton o e Tcon pee wodom 10
|DEds »(RA09EL- QA 08 =D

=

3 i

it L
T [

Big Data-Lésung
(Software AG) Cloud )

it

Controller- l l

cinheit [T

Netzwerk

Smart Bridge
(Pepperl+Fuchs)

Use Case 3
frEnve

Supermirkte
+ Bestande
*  Umschlag

Maschinen & Anlagen 3
- OEE | YK W
«  Zykluszeiten . i}
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Competence Centers Industrie 4.0 in Germany

Hamburg
./ Bremen
| LPotsdam |
Dortmund I
Hannover Berlin- -
E— = | Brandenburg
Dortmund J—
Aachen
. lmenau T Chemnltz
Darmstadt
_ MiT 4.0
Kaiserslautern — ./ Igersheim
KalserslauternJ Augsburg
Munchen
Karlsruhe T Stuttg al’./
Stuttgart

2
I H( Source: Wissenschaftlicher Beirat Industrie 4.0
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SME Technology Center TECHNISCHE

. . UNIVERSITAT
for Industrie 4.0 (MiT 4.0)

DARMSTADT

» The service portfolio includes a target group-oriented competence development. For this
purpose, different plotlines and instruments for SME-friendly exchange in MiT 4.0 are
defined.

= Launch at Q1 2016 Validation and adaptation

_ Sensiti- Analvsi lificati Implemen-
Plotlines zation nalysis  gQualification tation Target Figures

= *Use Cases | | |
Efficient value _ ! ! | : _
added processes Learn_lng | :Training inthe | Local support COStSflé')r(?;iiﬁua“ty’
factories | Use case — learning | for y
(Efficient. | gpecific training | factories for |
_ | specific training | '+ Concept
2| Industrial Work 4.0 Factory 4.0) I in order to '+ Regional | creation Performance and
S | | 9 | motivation
o - Use Cases | develop | SME '+ Technol
@ industry I Industrie 4.0- | o | eC_ nology .
:I_') New Business models Demonstra | potentials '* Multiplicators | design New services /
° - I I ) |
- tors | |« Implementation! * Start up and markets
| | partners | operation
Energy management ||| * ExPert | | |
lectures | | |

¥
JIK
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A Realization Guideline for
Industrie 4.0

3. The VDMA Guideline

« Internal Competence Analysis — External Perception Analysis
« Toolbox Products

« Toolbox Production

« Strategic Orientation towards Industrie 4.0

« Business models

¥
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VDMA guideline Industrie 4.0

Initial situation:
» 86% of German SMEs have recognized the potential of Industrie 4.0

= Visions of Industrie 4.0 are intangible and too general for the industry
= Way to realize Industrie 4.0 is unknown for the industry

Objectives:

» Break down the visions of Industrie 4.0 on realizable development stages
for product ideas and production improvements

» Understanding Industrie 4.0 as a pioneer of new business models
» Sketch and support path to successful implementation

¥
JIK
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VDMA guideline Industrie 4.0: TECHNISCHE
Toolbox Industrie 4.0 DARMSTADT

» The key element of the guideline Industrie 4.0 is the Toolbox Industrie 4.0

= The Toolbox Industrie 4.0 is used to analyze the company‘s competences
and to generate strategies for approaching Industrie 4.0.

|y [y
Toolbox Industrie 4.0 JiIl Toolbox Industrie 4.0 ik

v o @
co/ly E3m )
Integration =
No uss of seeois Sensors  actuators oate s ovalared erctr
fthicis e integrats m napes oy i Y e

ssssssssss

tion (M2M) R
{ ] oo . it ctbemet | st Weh e (2

Company-
wide
networking
with the
preduction

zur Einfihrung in den Mittelstand, VDMA

Source: Leitfaden Industrie 4.0 — Orientierungshilfe
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VDM guideline Industrie 4.0:
Toolbox Industrie 4.0

Structure of the toolbox: Too|box Industrie 4.0

= Application level:

» Six application levels to identify
Application
level s

themes for ideas in the field of
Industrie 4.0.

» The combination provides the
functionality.

zur Einfihrung in den Mittelstand, VDMA

@]
QE
Source: Leitfaden Industrie 4.0 — Orientierungshilfe

= Performance level: i BE e | |
« Five technological, building ——* e E B
on one another performance Performance | =%
levels for positioning and level | :
strategy development. AM
* The highest level represents

the vision Industrie 4.0.

¥
JIK
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VDMA guideline Industrie 4.0: TECHNISCHE
Toolbox Products DARMSTADT

" Appllcatlon levels: Toolbox Industrie 4.0

* Integration of sensors / actuators
+ Communication / Connectivity “
- Functionalities for data storage M 1@ |+o =°°& o0

and exchange of information e DR DR PSS, pup——
« Monitoring oo
« Product-related IT services :

 Business models around the -
S =] 23] - =
product e | S HE B e

storage and
information
exchange Wo functionalities

zur Einfihrung in den Mittelstand, VDMA

%

o

Q&
B ' @ 3y
Source: Leitfaden Industrie 4.0 — Orientierungshilfe

Monitoring ﬁ
Independenty
menitorin De # fallures Frognost adoy
measures
Product-
related IT
services
Senvic a‘imc y pente
portais rod performed
o ce: an A D
; il ) o o’ fix)
Business H Nie|r y = O, s
models I Hi
around the Sates, consulting
product Gaining profils fror Sales and and adaption of the Adational f I
i jzed | consulting recarding product.related
’I |( ccccccccccccccc
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VDMA guideline Industrie 4.0: TECHNISCHE
Toolbox Production DARMSTADT
= Application levels: Toolbox Industrie 4.0 Yk

- Data processing in production H

* Machine-to-Machine- Communication
(MZM) Data -
processing

« Company-wide networking with the
production

H H H achine-to- u% % m @
« ICT infrastructure in production ’g:ﬁ J 2 3 )

Communica-
« Human Machine Interfaces on (02
» Efficiency for small batches Compary-

wide

networking
with the
production

zur Einfihrung in den Mittelstand, VDMA

ICT infra-
structure in
production

Source: Leitfaden Industrie 4.0 — Orientierungshilfe

Man-
machine
interfaces

Efficiency
with small
batches

¥
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Preparation Analysis — Valuation >

Methods Procedure

Results

Knowledge of Industrie 4.0

Internet technology

generation

Detecting the current
state of the enterprise

Added Value

Cyber-physical systems |
Development trends |

Value added chain
| Products |

| Production |

| Intralogistics |

Fields of action

Feasibility study

Roadmap

Literature review

External consulting

Internal
competence analysis

Toolbox

Internal/ external consulting

Internal
knowledge exchange /
seminars

Mutual understanding of
Industrie 4.0 in the team

External perception
analysis

Methods for
generating ideas

Illustration of the
current state of the
company‘s Industrie 4.0
competence

Optimization potentials

Optimization ideas
business models

Products

Production

Intralogistics

Prioritization / cluster
methods

Investment planning

Simulation

Recommendation for action

Roadmap

Capacity planning

Realization
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Internal Competence and TECHNISCHE
External Perception Analysis DARMSTADT
Objectives:
= |dentification of already existing
Industrie 4.0 competences Integration of

sensors / actuators

= External perception

Business mod

Often competences for Industrie 4.0
around the

approaches are already existing in the
company

Procedure:

1. Classification into the stages of i

development of the Toolbox Industrie 4.0 Product-related
IT services

< Data storage &

. . . ormation exchange
2. Questionaire and Interviews of product and J

production experts

Monitoring

3. External Perception (through analysis of
products presented in media)

}ﬁephical representation as a radar chart
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VDMA guideline Industrie 4.0:
Results for products und production
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Procedure:

1. Classification with respect to performance levels
of the Toolbox Industrie 4.0

2. ldentification of the existing performance profile in the toolbox
3. Definition of the target profile in the toolbox

™ L
Toolbox Industrie 4.0 JIK Toolbox Industrie 4.0 LS

Industrie 4.0 Industrie 4.0

Products
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Definition of the target profile for
the product portfolio
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Product 1 Product 2 Product n

‘ @

w, [ _ N
Toolbox Industrie 4.0 ik Toolbox Industrie 4.0 JiK Toolbox Industrie 4.0 ik

Industrie 4.0 Industrie 4.0 HH Industrie 4.0
Prad Prod
a6 B A . &1 17 |+0g
Integration Integration -] ;> | [|negration .
of sensors | of sensors | -l of sensors /
actuators ( . actuators ) e Eciustos PR . vty | 5

vt -wei o BRI
- %39 Vv B
tion f
Connactivity Tha vt T proe
G | | B

"4
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Definition of the target profile
for the areas of production

Production Intralogistics

Ny N
Toolbox Industrie 4.0 JiK Toolbox Industrie 4.0 sk

Industrie 4.0 Industrie 4.0
L{

Inetepardery

from— “ p— & O

| )T et G20,
aaaaaaa  —

_— Far— — e e

o o - i issmcone

fix)

sating st
roducts
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Production, products, business models: 2 ecsone
Industrie 4.0 development trends

DARMSTADT
Business Platforms, B2B Marketplace
Individualized Products and Production,

New approaches for
internet-based
business models

Apps, Services instead of products

Service Preventive

: Component tracking
maintenance

New level of Condition monitoring

organization and Connectivity Energy monitoring

management of the
value added chain System and structural
monitoring

Components and
equipment act as
information carriers

Devices / Systems

Interlinked and
communicating

systems _ €3 Bluetooth
Addressing
Sensors / Acuators \ Localization m

ldentification

\a
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A Realization Guideline for
Industrie 4.0

Vs 4. Summary
JiIK

05.04.2015 | Fachbereich 16 | Fachgebiet Datenverarbeitung in der Konstruktion | Prof. Dr.-Ing. R. Anderl | Folie 29




f‘A TECHNISCHE
UNIVERSITAT
DARMSTADT

Summary

» |[ndustrie 4.0 provides new impulses for the development and application of
cyber-physical systems on the way to the internet of things, of services and data.

» [ndustrie 4.0 still requires research and development initiatives, nevertheless
applicable solutions are already visible.

» I[mpulses for the Industry:
= Customization through customer and market interaction
» New ICT infrastructures
» Innovative business models through integrated product and service quality

= Current state of debate:

= Politics: Politicians have recognized the importance of Industrie 4.0 at the federal level and
the state level and became active (Plattform Industrie 4.0, IT summit, European initiatives)

» Industry: The industry has organized itself through the platform industry 4.0

» Society: Change of the working environment! Increasing digitization and computerization
through Industrie 4.0 requires training and continuous qualification of employees

\u » Industrie 4.0 offers to companies a serious vision, that has
’H‘ to be evaluated and implemented company-specific.

05.04.2015 | Fachbereich 16 | Fachgebiet Datenverarbeitung in der Konstruktion | Prof. Dr.-Ing. R. Anderl | Folie 30




TECHNISCHE
UNIVERSITAT
DARMSTADT

Thank you!

, ,

T hain KYL},?/ |

T Ao gt
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