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Complexity, globalization, customization and Compliance - Decisive factors

for change in industrial machines

Maschine mit Software -> Software mit Maschine
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Complexity is the new standard in
industial engineering

Customization is the New Formula for
Success in the Global Pharmaceutical

Packaging Market

FROST & SULLTIVAN

The demand of the end users for customized
products
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New providers with low cost structures

generate global competition
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The pressure by law affects many aspects

of industrial engineering
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Increased pressure to innovate to component suppliers while maintaining SIEMENS
profitability and satisfy delivery expectations

« Change of Configure-to-Order (CTO) for Engineer-to-Order (ETO) increases
complexity
' » All software in the machine increases product complexity
Com P | eX'ty * A higher number of product types makes the reuse of knowledge difficult

» Global design, local manufacturing: Customers have individual demands on the
configuration

> :  Increasing process complexity
Globalization « To maintain the competitive edge, products must be innovative

« Demand for adaptation of standard deals

C ifi bli ] « Fewer opportunities for reuse of previous constructions
ustomer SPeCITIC O |gat|ons « Better management of customer requirements

» Higher complexity of structures to ensure compliance
* Not for sale to markets without compliance; Risk of legal action

Legal regulations
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_ _ o _ _ _ SIEMENS
The situation in industial engineering

TREND: } INDUSTRIE 4.0 Ji 0 |

s SMART MANUFACTURING FOR THE FUTURE |

Complexity is the new . |
standard in industial ﬁ
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engineering

Industry 4.0: The German government has
provided € 200 million to support industry
associations, research institutes and companies
in the development of an implementation e e
strategy for industry 4.0.

Industrie 4.0

Roland Berger
Strategy Consultants
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First
Industrial
Revolution

based on the introduction
of mechanical production

equipment driven by
water and steam power

Source: DFKI (2011)
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Second
Industrial
Revolution

based on mass production
achieved by division of
labor concept and the use
of electrical energy

(11

First conveyor
belt, Cincinnati
slaughterhouse, 1870
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The influence on the companies

CONSEQUENCES:
Machines must be smarter.

Machine users need more functionality in
the machine.

Machines must be networked to manage
performance and service at all times.

The machine complexity increases in
areas that are new for machinery OEMs.

There is more system information
required (self-diagnostics,
communication).

Restricted © Siemens AG 2016

Page 7

09.03.2016

SIEMENS

Mechatronik, eine Teilaufgabe

Sicherheitstechnik

Maschinendynamik

MECHANIK

Getriehetechnik MECHA-

TRONIK

Quelle: ITQ

Mechatronik, die ganzheitliche Aufgabe

Prozess:
technlic

Vernetzung

Statistik

Quelle: ITQ

Maschine mit Software -> Software mit Maschine
100%
qc) 90% —
b 80% —
2 70% Mechanik
X  60% =¥
S sox- =}
= et T N
30% —
20%"// Software
10% -
0%
1970 1980 1990 2000 2010
Quelle: VDMA

Siemens PLM Software



. . . . . . . . . SIEMENS
Objectives for an intelligent machine development with increasing complexity

More control

Efficient designing Fewer risks
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SIEMENS

Topics to manage complexity

Modularization

Interdisciplinary collaboration Virtual Commissioning
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SIEMENS

Current Industial engineering challenges

s . Limit Switch Safety Relays HMI - User Interface
If this is "just" a loading door? _ :

emergency limit switches

Air- and Valve Unit

Solutions never refer exclusively to the

mechanics!
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Integrated Engineering (Machine Design) SIEMENS
reduces the time from the first idea to the Machine

9 Design Engineering 9

Mechanical Mechanical u Real

Concept h
Electrical / Fluid 1 Machine
Real Commissioning

Mechatronic Electrical / Fluid Digital Twin Real
Concept F I Machine
— Mechanical Virtual

o Commissioning
b Real
Software Commissioning

Siemens products already support modern development methods today
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SIEMENS

Integrated Engineering (Machine Design)
reduces the time from the first idea to the Machine (Authoring systems)

Systems
Concept Design Interdisciplinary Engineering

Requirements Mecha- . Commls-

tronic

X E W g Concept Zza T S Tools
A PTC Progluct \

SIMOTION
scour
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Integrated Engineering (Machine Design) SIEMENS
reduces the time from the first idea to the Machine

Requirements

. . Anforderung Anderungsstan... Elementtyp
M I C ro S Oft Offl C e =4 002096/4;1-Maka_Anforderung_Komplettmaschine (Ansicht) Maka_Anforder... Anforderungss...

. - pEi REQ-000059/A4;1-Anderungen des Dokumentes Anderungen de... Anforderung
| ntegration g5 REQ-000060/4:1-Inhalt Inhalt Anforderung
[ REQ-000061/4;1 -Marktanforderung (Ansicht) Marktanforderu... Anforderung
3. Marktanforderung &b b 25 REQ-000062/4;1-Maschinenbeschreibung Maschinenbesc... Anforderung
Easy tO U S e Verwgb: . a0 i ke =i REQ-000063/4;1-Werkstoffe die auf der Maschinen gefertigt Werkstoffe die ... Anforderung
& REQ-000064/4:1- Umgebungsanforderunegn (Ansicht) Umgebungsanf... Anforderung
5 - fgE REQ-000065/8;1 -Aufstellmalk Aufstellmai Anforderung
SI m p | e St r u Ctu re s REQ-000066/4;1-Urmweltanford erungen Umweltanforde... Anforderung
a3 REQ-000067/48:1-Gewicht Gewicht Anforderung
of the pr duct % REQ-D00068/A:1-Werkstacke Werkstacke Anforderung
. - REQ-000069/A;1-Werkzeug Werkzeug Anforderung
requ I rement and - RECQ-000070/4;1-Bewegung Bewegung Anforderung
a0 o L REQ-000071/4;1-Elektrik (Ansicht) Elektrik Anforderung
Speci fications ¢ REQ-000072/A:1-Aufstellort Aufstellort Anforderung
- fEE REQ-000073/8:1 -Aufstellland Aufstellland Anforderung
- RECQ-000074/4;1-Leistung Leistung Anforderung
- fa: REQ-000075/4;1-5teuerung Steuerung Anforderung
----- = REQ-000076/4:1-Hydraulik Hydraulik Anforderung
-----  REQ-000077/4;1-Prneumatik Pneumatik Anforderung

----- REQ-000078/48;1 -Sicherheitsworschriften Sicherheitsvors... Anforderung ——
Hoohlastrgeishiges Fréssentum f0r Hoh Performencs’s N | B 58 REQ-000079/A;1-Anforderungen an die Dokumentation Anfoerderungen... Anforderung
o B fsunddis Twoherhanen s © REQ-000080/4:1-Abnahme der Maschine (Ansicht) Abnahme der... Anforderung
E: Prinzip , Table Move’, de Doppelportale sind - fs: REQ-000083/4;:1-Software Test (Ansicht) Software Test Anforderung
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Integrated Engineering (Machine Design) SIEMENS
reduces the time from the first idea to the Machine

)
Requirements / /

directly linked to
the product
structures

Changes are

tracked in all
disciplines
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Interdisciplinary Conception SIEMENS
Acquiring interdisciplinary aspects from the beginning

How should the machine work?
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Creation of a mechatronic concept with the MCD SIEMENS
Using CADENAS Intelligent catalog parts in the design

Using CADENAS Intelligent catalog parts in
the design

Directly in the engineering / conception
software MCD or NX

The Intelligent catalog items are considered
as full-reusable parts in NX/MCD

Editing of the catalog parts possible directly
by right-clicking
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Mechatronic Concept as a data source SIEMENS
Generating information for the following engineering disciplines

What data is provided from the Mechatronic Concept?

NX H - - & G Window > ¥ NX10 - Mechatrenics Cencept Designer - [ BG_Schlauchbeutelmaschineprt (Medified) | SIEMENS -8 X
Home Modeling Assemblies MCS System Tools Curve Analysis Developer Render  Toals View  Visual Reporting iSILOG PLCConnect  Application HE A 8- F
- 1 —

Machine sequence 3D Geometry
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Stages of the simulation in the Conception SIEMENS
Continuous refinement of Concepts and Simulation

Mechatronic
simulation during
design phase

Simple Sequence Detailed Sequence

Validating the

design idea

Presentation

Data basis for all
derivatives

Restricted © Siemens AG 2016
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Integrated Engineering (Machine Design)
reduces the time from the first idea to the Machine

Requirements

transparent in
design
disciplines

Changes are
Traceable
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Mechatronic
Concept

Mechatronic
simulation during
design phase

Validating the
design idea

Presentation

Data basis for all
derivatives

SIEMENS
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Mechatronic Reuse Wizard SIEMENS
Replace the concept geometry with detailed mechanism

| Sequence Editor
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Design Alternatives

= Different design alternatives
can easily be simulated

= Simulation instead of an
animation

» Evaluating the options in the

individual disciplines now
much easier possible
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Siemens Tool-Integration: SIEMENS
NX/MCD - SIZER Interface

Transfer of 3D CAD data
Or Select fitting component

from other product catalogs

"Projectl - SIEMENS SINAMICS MICROMASTER SIZER - [Workflow]

-y ==l Add dri

=

| C
[r— Add drive system

Par  Mew drive spstem: IDrive system (1) h supply node: Line - 3&C 4000, S0H=z

eeeee

&

SINAMICS 5110 SINAMICS G120

CEMLGATPQAM. . 1FTAFK 1PH7/1PLE 1FM
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Integrated Engineering (Machine Design) SIEMENS
reduces the time from the first idea to the Machine

> Mechatronic Mechanical > >
Concept

Mechatronic Benefits of 3D
simulation during design data

design phase Multi CAD

« Validating the functionality
design idea

Requirements
transparent in
design

disciplines

Behavioral model
Changes are Presentation with logic, mass,
Traceable : acceleration-
Data basis for all .
conditions,

collisions ...

derivatives
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MCD Schnittstelle ins ECAD SIEMENS
Einheitliche Datenbasis im ECAD und MCAD

==A1+F2-G1-M2 | ==A1+F2-G1-M2

-m‘ ‘Electrical-

Communicaton
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Integrated Engineering (Machine Design)
reduces the time from the first idea to the Machine

Mechatronic Mechanical
Concept

> Electrical / Fluid

Mechatronic Benefits of 3D Bi-directional
simulation during design data Interface
design phase Multi CAD between ECAD
L : : and MCAD of
« Validating the functionality
design idea sensors and
Behavioral model actuators
Changes are Presentation with logic, mass,
Traceable : acceleration-
Data basis for all e
conditions,

collisions ...

Requirements
transparent in
design

disciplines

Device
designations
consistently
across all
derivatives

derivatives
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Communication of the machine sequence to the Automation department SIEMENS
Exporting timing chart and the Sequence Function Chart from the Sequence Editor

Easy to use Sequence Editor (Gantt Chart)

Export Chart of Operations (Timing Chart)

Export of the SFC (Sequence Funktion
Chart) as PLCOpenXML

tafoBf=aetr=0alb it
Sa—

e
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Integrated Engineering (Machine Design) SIEMENS
reduces the time from the first idea to the Machine

Electrical / Fluid
Mechatronic Mechanlcal
Concept
Automation Virtual
Commissioning

Requirements * Mechatronic Benefits of 3D Bi-directional Verification of
transparent in simulation during design data Interface test cases on

design design phase : between ECAD digital twin
o Multi CAD
disciplines N : : and MCAD of
Validating the functionality Early test of
sensors and

Sl e e Behavioral model actuators (r:nooddeules 2

Changes are Presentation with logic, mass,

Traceable : acceleration- : :
Data basis for all .. designations

Devi :
SIEE Consistency:

work on the real
CAD datal!

conditions,

i consistently
collisions ...

across all
derivatives

derivatives
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SIEMENS

Virtual Commissioning (VC)

Challenges

Prototypes are expensive and time consuming to
manufacture.

Changes in commissioning phase are very expensive.

Non-operational machines in the workshop cost
money.

Main Benefits

Verify and validate system behavior
optimize automation program and prepare
physical Commissioning

Validate machine variants and options, for
which no prototypes were created
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RMI_Virtual.avi
RMI_Virtual.avi

_ | _ SIEMENS
VC with the Mechatronic Concept Designer

Virtual Commissioning (VC) Motivation for Virtual Commissioning
HiL ( Hardware in the Loop) Real machine is not available
SiL (Software in the Loop) Real commissioning is incalculable

Concept errors usually appear at Commissioning
Customer requirements are usually not available in
detalil

Testing the program processes in the early phase

Digital Model

(Digital Twin)

Real Machine
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o SIEMENS
Interaction in the VC
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Applications for machine construction SIEMENS
Design, Configuration and Validation of the product idea

Mechatronic Concept Mechanical Design
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https://www.youtube.com/watch?v=RE5UEFZFPL4&list=PLzvrZqNnENG1PRXxBWM_H1jThFWZXi1Ei
https://www.youtube.com/watch?v=RE5UEFZFPL4&list=PLzvrZqNnENG1PRXxBWM_H1jThFWZXi1Ei

Integrated Engineering (Machine Design)
reduces the time from the first idea to the Machine

Digital Twin

The digital Twin enables:
... that the Product Requirements are met
....up to date Information in all disciplines

... manageable complexity

Shorter innovation cycles
Productivity improvements
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Early test of
modules and
code

Consistency:
work on the real
CAD data!
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SIEMENS
Thank you! A

Viktor Braun

Siemens Industry Software GmbH
Digital Factory Division

Product Lifecycle Management
PreSales

Liebknechtstr. 35

70565 Stuttgart, Germany

Tel.  :+49 (711) 47099 137

Fax  :+49 (711) 47099 199
Mobile : +49 172 3565158
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