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The fourth industrial Revolution

% Complexity

- -

Fourth industrial Revolution

Erste Speicherprogrammierbare |
i Steuerung (SPS), Modicon 084 ' Based on
1969 > Cyber-Physical-Systems
- > Internet of Things

Erstes FlieRband, Schlachthdfe ! Dritte Industrielle Revolution

®
von Cincinnati ; ' > Social Media
| 1870 3 3 : .
3 ' Durch Einsatz von Elektronik ' » Mobile Computing ‘
! i Zweite Industrielle Revolution : i i- 1 H : e 1
i Erster mechanischer Webstuhl 1 ; und IT zur weiteren Automati ! > Big Data Analytics & Prediction i

sierung der Produktion

1784 ' » Machine Learning

Durch Einfiihrung arbeitsteiliger
Massenproduktion mithilfe von

| Erste Industrielle Revolution ‘ - .
: . elektrischer Energie

' Durch Einfiihrung mechanischer
' Produktionsanlagen mithilfe
von Wasser- und Dampfkraft
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Ende 18. Jhd. Beginn 20. Jhd. Beginn 70er Jahre today
20. Jhd.
Source: nach Trumpf, IBM, Bitcom
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Steps to autonomous Driving

wt dauerhaft
-und Querfiih-
rung aus.

greifendes
eugsystem aktiv.

* Anwendungsfélle beinhalten Straentypen, Geschwindigkeitsbereiche und Umfeldbedingungen

\
STUFE1 STUFE2
TEIL-
eesinTERT AUTOMATISIERT
Fahrer fuhrt dauerhaft Fahrer muss das
Langs- oder System dauerhaft
Querfahrung aus. uberwachen.

System Gbernimmt
die jeweils andere
Funktion.

System Gbernimmt
Langs- und
Querfthrung
in einem spezifischen
Anwendungsfall®.

STUFE3

HOCH-
AUTOMATISIERT

Fahrer muss
das System nicht
mehr dauerhaft
tuberwachen.

Fahrer muss potenzie
in der Lage sein, -
zu ibernehmen.

HONNYIISIIYINOLNY

Source: VDA, Automatisierung — von Fahrerassistenzsystemen zum automatisierten Fahren, 2015
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Changes in Thinking complex Products
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Informatik

Elektronik
Elektronik

...gestern ...heute

g . 1r T

Katzenbach Executive Consultmg/% e -;r _6-
— — = E
o g T
agldarRiza

© 2019, Katzenbach Executive, Consulting



Changes in Development-Methods

Mechanik
Pahl/Beitz (1996) |

VDI 2221 (1993) = —

MKM Ponn & Lindemann (2011)

E/E
Y-Chart Gajski and Kuhn (1983)

Software
Waterfall Model Royce/Boehm
(1970/1981) ‘

Agile Methods f.e. Beck, Andres
(2008) §

pesen, : P
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Magic Triangle over the last Decades

Quality was key in the 80°s

Last decade, those
enterprises were
successful which are able
to deliver high value with
low cost in short time

In 90°s time was success

In 70"s focus was on cost
factor

Those enterprises are successful which are able to deliver high

Today / value with low cost in short time in international collaborations.

Source: A. Katzenbach, Lecture University of Stuttgart alligned with K. Ohmae
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Status of Today

» From DMU to Digital Twin

» Development Methods converges

» PLM /ALM — Integration — Mission impossible?

» Worldwide seamless Collaboration has n-dimensions

—
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Vom DMU zum Digital Twin / Shadow / Thread/.......

Each single
product is
defined complete
and consistent in
a global network of
various systems

Results of real
tests and user

experiences are
part of the digital
description

Complete set of
information are
available over

product life cycle

Complete
product creation-
process is
proceded

internationally

Each single
configurable Product
can be visualized and
simulated
Entire

product creation-
process is operated in a

network with partner
and supplier

A Digital Twin

> Is the digital representation of an asset

> Is located in several places simultaneously

> has multiple states

> has a context specific state and a specific
processing situation

The Information-Model of a digital twin

> Is infinitely large (real infomation mode)

> can be approximated (the rational
infomation model)

The Rational Information Model

> cannot be stored in a single place

> IS never complete visible

Source: Andreas Deuter, Hochschule Ostwestfalen, 2018

Source: Alfred Katzenbach 1998
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Development Methods converges

VDI 2221 (Pani/Beitz) VDI 2206 (v-Modell)

Arbeitsabschnitte Arbetsergednisse Phasen

R Requirement 5

e t
der Aufgabensteltung — E
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___‘2| Ermitein von Funktionen 5 >
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Modellbildung

. = b Physische
und Spezifikation Tests
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L

Logic

e | i
= B
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PLM —ALM Integration - Mission impossible? (1)

s \

Requirements

@
. Functions
A

Model Based Semantical Network/ Repository in SysLM © "ot revrbies (-50M)
. Processes

A Tools and ressources
Documents

Supplier

i y T :‘\” 2
Lok E- B Eu ‘@,

_ Requirements Functions Logic BD . EBOM Other Documents Ressources Process

Source: Eigner, Uni Kaiserslautern
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PLM —ALM Integration - Mission impossible? (2)

R /4\’ 3 >
RN ==
)~

P13 cvrene dameter ceievant an

System Requirements

Functions

Source: Eigner, Uni Kaiserslautern
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Worldwide seamless Collaboration has n-dimensions

Faster Product
Launches

Efficient
Change
Management

Seamless
Communication

Common Program
Supplier Eco-system Management Goals OEM Eco-system /
8

Source: Siemens PLM Community, 201

Prozess- und IT - Standards are the crucial
prerequisite for international collaboration

Conclusion >|

g ) = oy
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Maturity level of Standards today

e —_— e

H
prostep vIp

V-Model with relevant processes & standards
(

Pe n Etrati on ‘STANDARDIZATION
STRATEGY BOARD
i | _PDF
Ext. Collab. !
processes !
Int. Cross- Autosar
domain BN Lo
processes
STEP AP242 XML : OF TP JT
Individual _ AML " : @: Bubble size = Visibility
domains |++. @ “\\RquF T UML
XM ‘ ‘
Individual o VE: . --- FMI
expert 1
teams FD).( osLc SysML !
i (automotive profile) !
T i ' I > Maturity
Assessment PoC Available Industrialization Productive
of Potential {and pot. Stand.) Usage

Source: prostep ivip, standardization strategy board, 2017

Katzenbach Executive Consulti n%
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Defining the Future
- some Examples-

A future scenario

Integrative approach of Standardization
Intention of a “Digital Data Package”
Smart Systems Engineering

SYS-ML: the common language

Results of mecPRO?2
Product-Service-Systems — Inno Serv Pro
Examples

© 2019, Katzenbach Executive Consulting
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A Future Scenario

The Product in a Context of System of Systems lTlrp
Products are become cybertronic with an ability to communicate

0
»> o

—
' ) =3
data data ﬁ
—
mart Ci
L — W~ B B S
() [ ) ( ) () () [ ] ( ) [ ]
PRODUCT SMART CONMECTED PRODUCT PRODUCT SERVICE SYSTEM

PRODUCT PRODUCT ) SYSTEM OF SYSTEMS

Mobility gor Sharing

System
%

New (kind of) plavers Traditional & new plavers

Traditional players / products new business models new business models
Source:prostep ivip inspired by Porter/ Heppelmann Katzenbach Executive Cons ultllybg o
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» Integrative Approach of Standardizierung

SysML/UML stavosgozATON
SysML-WF PSM/CPM STRATEGY BOARD

(System Modeling) PoM
(Collaborative Project
DDP Management)
Digital Data Package ReqlF

(Data Exchange) ReqIF-WF/F

(& L

(S, JT/IAP242
JT WFAIF/BM
(3D Vizualisation
& Inferop

STEP
CAX IF/PDM IF
(2D/3D MBD)

Manufacturing)

1++ DMS/QIF
3D MDM WF/IF
(3D Metrology)

CODE of PLM
OPENNESS
Copyright © 2019 prostep ivip Association. All rights reserved.

Code of PLM Openness
(DIN Spec 91372-1)
creates the framework

CODE of PLM
OPENNESS

.Mafs Rover
stbeds

Expefience Digital Thread

READY FOR OPENNESS . ) HCL
Certlflcatlon CONWEAVER

defines foundatlonﬁ tc SIEMENS
P Ingescity for bfe

ORGANIZATION
Code of PLM Openness

certiied

Source: prostep ivip 2019
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Example Bosch

CPO@BOSCH

06/2018 :

03/2019 :

07/2019:

01/2020

CPO Announcement / Communication
CPO continuously proposed as one of the decision making instruments for
future engineering IT architecture and tool decisions

Preparation of HPLM Initiative.

CPO defined as one of the guiding principles for the upcoming
holistic PLM Architecture

Definition of Bosch required details, scope, setup of training material

CPO will be announced to and trained with the organisation
(Architects, Purchasing etc.)

: Start of the HPLM program

Continuous use of CPO in architecture / vendor decision of the
HPLM program

Source: prostep ivip 2019

Prostap IVIP Symposium 2019

#LikeABosch

BOS

-19 -
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The Intention of a “Digital Data Package”

[
OEM : SUPPLIER
|
| Requirement = Architecture ==; E-BOM == Validation/
- =2 @ = Quality
- = = =
3 18 8 —— = = =
e 8. " g = =
. =i G e
_— . n $ 'y
Requirements Architecture E-BOM BT, Requirements Architecture E-BOM
* Reql ; 7- : DD b A: 7' 1 -'- ‘
* Req2 4 I ! 1 P
+ Req3 -""" | -uu - ,,;] =
» - - — z : X 4
€ RDB < * SYs = > pLM | 2 ‘ _ — PLM
g DVP / Test 3 S % RDB ) N
g Validation/ = ~ DVP/Test . Validation/
= + Testl Quality =) v Testi Quality
> o Test2 v 5 * Test2 > R [P 52
* Test3 —_— l— e o Test3 1 A~
[CEC U . %r“é el o o =
; = QDB |
2017, prostep ivip e.V. / VDA 22 May 2019 Topic: DDP for collaboration in MBSE
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Smart Systems Engineering

R

SmartSE Project Work Package and Mentors |T'p

SmartSE Work Packages Phase IV

=) BOSCH & AIRBUS DAIMLER

WP-Quality
Traceability

V smart
Q_M" Systems
Engineering

@ dSPACE

WP- Autonomous WP-V-ECU
Systems
© 2019, prostep ivip e.V. 7
Source: Rude, Weckerle, prostep ivip Symposium 2019 Katzenbach Executive Cons uitn% S1-
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SYS-ML: the common language

“—
prostep ivip

SysML-WF Organization
prostep ivip SysML-WF Project Consortium and Work Package Mentors

DAIMLER SCHAEFFLER

WP-2

DAIMLER SCHAEFFLER Jnterfaces to other
bodies & PR” ~Scope of Application”

,Project Management*

o engineering
Oe m methods ag

WP- 4

WP-7

.Model Exchange*
SysML — V&V“

DAIMLER eMmaiced
WP- 6 WP-5

-SYsML - RQM* M [oe]

active

© prostep ivip e.V. 12 April 2019

Source: prostep ivip Symposium 2019 Katzenbach Executive Consultingj% -22-
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Results of mecPRO?2

Administration Space

C - Context-based requirements
Hybrid F - Functions
Tests L - Elements of the logical Architectur
(eg. HIL) P - Physical elements

() Requirements
S Solution Elements
<z:> Context Elements
~*%  Intermediate Artifacts
2> Solution Variant
% Test Case

™ Verification & Validation Space
' Model Management/Administration

Source: Eigner 2019 aus mecPRO? Ergebnisse

e

© 2019, Katzenbach Executive, Consulting




Product-Service- Systems: InnoServPro

Lifecycle Management of Smart PSS

InnaServPro
2

Data
Processes
Methods

IT Systems
Actors
Knowledge

Source: Koch, Gdbel, prostep ivip Symposium 2019
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Two Examples

\

Link between
Geometry und Logic
based on standards

A contribution to
“Digital Data Package”

ReqlF

Requirements

Data linkage based
on open services

MO e 3 F ' ¢ » ‘.V o >

JT
Vehicle Electrical JT Industrial Application
Container (VEC) Package JTIAP V2

VDA 4968  (2011) DIN Spec 91383 (2018) Functional Models
PSI 19 (2018) PS| 14 (2016) 3D Geometry

Source: Katzenbach 2019 e
Source: Bild: Volkswagen 2018 Katzenbach Executive Consultin%
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Conclusion
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Conclusion

The development of intelligent systems, product-service-systems and new
business models can only be successful with

an interdisciplinary approach

in a tight international collaboration of OEM’s and supplier
In cooperation von science and industry

based on powerful process- and IT- standards

YV VY

Let’s work together successfully

——
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https://www.youtube.com/watch?v=oXo6G5mfmro
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Prof. Alfred Katzenbach
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Science:

Information
Technology and
Knowledge Based
Engineering in
Product
Development

Universitat
Stuttgart

www.iktd.uni-stuttgart.de/

Consultancy:

Product Development

systems:
Management Consulting

Intercultural Collaboration
Project Coaching
Knowledge Management
Start up mentoring

S I S

-processes, -methods and — focusing on

Strategy Consulting and -Development
Organisational Changemanagement

Coaching:

Senior coach

organisation-
development

1ICO
= BUSINESS

S ACADEMY
Leadership & Change

www.katzenbach-web.com
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CPO In a Nutshell

2 1 Interoperability 2 5 Standards
IT customers shall be able torealize system IT vendors should support
relevant standardsand

integration, ontheir own or via third parties
= Customersshall have access to their data
= Therefore IT interfaces shall be provided by
the IT vendors

document their usage. IT
vendors shall provide a list of
the standards thatsupport
openness

2.2 Infrastructure
= The IT customer and the IT vendor shall
share lifecycle planning

2.6 Architecture
= |fapplicable, the IT system
shall have a clear and

2 3 Extensibility documented separation of
IT vendors shall provide development the individual tiers (e.g. n-
environments tier architecture, peer-to-

* Incase of an IT systemupgrade, IT vendors Davelopiiont Bor et peer eftc
should endeavor that the application of —
extensions realized by IT customers (or by 2.4 Interfaces
third parties commissioned by these IT = |Tvendors should offer the same IT interfaces to IT customers
customer) is unaffected (or third parties commissioned by these IT customers) as those usedinternally by the IT vendors

Katzcnbﬁch Executive (;omsulinybg =
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CPO In a Nutshell

FROM COMMITMENT TO PRACTICAL APPLICATION

An initiative of the prostep ivip association

I Practical application of users Certified vendors
| presented at the I presented at the

COBE of PLW

prostep ivip symposium 2019
I IT Customers I I IT Vendors.

EE&P @ =@ fontoe L e * Mazda Motor I I- Actano = BM
I * Airbus = Mitsubishi Motors * Arss * IPG Automotive
* Nissan Motor Autodesk 15D
* Porsche I " AVL List i * Kronion
I - * Schaeffer * BETA CAE Systems * MathWorks
ot ital * Siemens = BOS s ® = Mentor Graphics
Q,’:D BOSCH * SMP Group I- Cideon * * Modelon AB
I . maier # Saraki Motor I » COMIACT Softwaré = Muller-BBM
* EDAG *

o thyssenkrupo
* Ford = Tgyora Mo

o
® Fuji Heavy Industries I I' dSPACE
I * Hino Motors "V Oneas " BCS gﬂfMBIE
* Honda R&D * Yamaha I- Elysium = _sap
* lsuzu Motors . Yazaki I v ESITI (& Siems LM

I DAIMLER

. is Solutions
P

Eurosten
I I@ Technology * Theorem

:® !

| _Vowam || | | | | | | il L || | || |

|| prostep ivip symposium 2018

IT Service Provider

" Atos
* CADFEM

* em

* enso managers CONWEAVER
* InMeadiasP

* igs Software

* MEB.

" MetaRati

" Sesburger

® SSC-Services

® T-Systems

lm ?RDHS“I,E.?-“-

ORGANIZATION
Cock f LM Dpeenens
emited

S ptc

SIEMENS

—— — —_—
—_—
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CPO In a Nutshell

CPO@INDUSTRY_IN_9/2018

Evaluation of the questionnaires (10 of 11 companies)

! CPO Umsetzung (Werte von 0 bis 1) AIRBUS
09

08 @ BOSCH

07
06 (BEIF\QAC‘;\IIJP @ =@ o
; DAIMLER

0,2

0,1 p

o @ @
1.PLM Strategie 2.PLM 3. Requirement 4. Metric 5. Utilization Plan 6. Intenal and 7. Executionin IT 8. Executionin = PORSCHE

Architektur Set external Department Purchase

P Volkswagen
Communication Process
mmBester —Mittelwert SCHAEFFLER
| YAZAKI
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