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1. Short introduction to Fraunhofer

R&D-process and how it is financed in Germany

Protoyping,
technology transfer

development,
engineering

applied
research

application oriented
basic research
universities

O industry

Fraunhofer Gesellschaft

basic O O Max-Planck-Gesellschaft
research
100% public financing
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100% private
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‘A

1. Services and products of lITB’s business unit PMC ProVis.Agent®

===  Production monitoring
- e Shared realtime applications for facility monitoring
e Business intelligence tools for KPI calculation
e Control rooms, visualization, SCADA-functions, OPC-solutions

Digital engineering
* Plug-and-work-methods for facilities and MES
'_»,;E.:Li!?‘i'  Solutions for virtual commissioning and approval with MES

e A e Standards for consistent exchange of engineering data
FLS-NEXT

o Moo sl O Innovative MES-components
e Optimization algorithms for manufacturing

e Advanced planning and scheduling
“mittelstand o MES consulting

© Fraunhofer IITB, business unit PMC, 2009 Page 6
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1. Examples for current projects

» Production monitoring system ProVis.Agent, Daimler AG,
plants Bremen, Sindelfingen and Woerth, in body, paint,
assembly incl. hotline and service

p Production monitoring & control system for 20 annealing
furnaces, ThyssenKrupp Stahl AG, Duisburg plant incl.
hotline and service

» Development of I0-Module (,Primary Data Manager -
PDM’) incl. PLC-connection via ‘Integra-channel’ for
Siemens, business unit A&D

P Logistic concept for engine factories (Z-Car engine, 6-cyl.
Diesel engine) for Daimler at Berlin and Koelleda plant;
reduction of procurement time from LLZ to assembly line

» Concept and prototype for a plug-and-work connection of
digital factory tools and MES components in cooperation
with Daimler’s AutomationML initiative

Annealed (1.250°C) steel slab, app. ] _ _
150 t, process control and monitoring » Advanced planning and scheduling tool for different

system made by FhG-IITB customers in discrete manufacturing, e.g. Micronas AG

P Concept and realization of a central control room in a press
© Fraunhofer IITB, business unit PMC, 2009 shop of an automotive plant Page 7

Z Fraunhofer

1]



2. Production monitoring in discrete manufacturing v
processes ProVis.Agent ®

- = common for body, paint, trim shop
Web- Web —————]
Service Genesis “

Visualization Visualization Visualization
client client client
(control room) (shop floor) (office)
pp. 1.500 cllent I Other
systems,
. . __ H "
Monitoring server Online-DB especially
those using
ProVis-cernel order
nformation
I app. 150 PLCs per shop I I
EEEEEER
§ © Fraunhofer IITB, business unit PMC, 2009 Page 8
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Presel

2. Central monitoring and control room

Control room C-class trim shop
Daimler AG, Bremen plant

Picture: Daimler

In the Bremen plant ProVis.Agent monitors
and controls app. 450 PLCs of app. 2.000
facilities in body, paint and assembly; 1.560
users access the webbased reporting system.

© Fraunhofer IITB, business unit PMC, 2009

Control room press shop Daimler AG

Picture: Jungmann Systemtechnik

In the press shop ProVis.Agent is used as an
integration platform for facilities, IT-systems
and cameras. It visualizes the entire process
from coil delivery to scrap disposal.
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3. Core factors for successful manufacturing companies ource: Bischoff, 1.;
et.al.: Automobilbau mit Zukunft)

Three key success factors for
future (automotive) production:

~ Production

1. Adaptivity

| ap(:_ - 2. Realtime ability

\ ogistics . 3. Production in networks
J

’\\
\\ Market ///
\ and
customers
© Fraunhofer IITB, business unit PMC, 2009 Page 10

Z Fraunhofer

1]



ation Volvo 24032009

3. Visions: the future of Manufacturing Execution Systems

1.

7.

© Fraunhofer IITB, business unit PMC, 200

Future MES will be integrated with the digital factory, e.g. supporting permanent
planning ability

MES are going to be vertically integrated with the shop floor level applying standard
plug-and-work-mechanisms

Simulation will become a frontend to enable real time simulation for decision support
regarding unexpected changes on the shopfloor

Horizontal integration concerning MES means service-oriented architectures and
comprehensive data management

MES will become completely scalable down to the support of self-organizing manufacturing
(,RFID instead of factory data acquisition”)

Future MES are ,, human-centered” concerning supply of information according to the user’s
task and role

Correlations between different data bases found by methods like data mining will lead to

‘automatic control’ of Erocesses.
Page 11
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3.1 Reference model for factory planning: connection of planning
and operations

Project management

Design Enginee-

N

ring

Idea >> Concept>> PIanmng>>ReaI|zatlo>>Ramp up>> Operatlo>

*DF= Digital Factory systems, e.g. DELMIA, Siemens UGS, etc.

© Fraunhofer IITB, business unit PMC, 2009 e12
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3.1 Main idea for connection of planning and operations

Digital
CAD-System factory
tools

ERP- Sequence
system planning
(SAP) system

Product
Data
Management

,Digital

factory-Hub’

© Fraunhofer IITB, business unit PMC, 2009

Use information from the
factory planning process
inside the

world of automation’

Sequence of
bodies

Report-DB

Production monitoring level
Cell level Cell level
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3.1 Current activities concerning digital operation

Digital operation: cooperation of ...

...Manufacturing execution systems

\

...virtual or real controls

|

...virtual or real facilities

© Fraunhofer IITB, business unit PMC, 2009
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3.1 Virtual commissioning

Start of
reali zati on

Facility 3D-facility Electrical Q:sz(;:gln Commis- RAMD-U
concept design design rogrammlng of faC|I|t3>// sioning p-up

Virtual
commissioning

& © Fraunhofer IITB, business unit PMC, 2009 Page 15
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esentation V.

3.1 Actual working place for virtual commissioning (source: AUDI)

© Fraunhofer IITB, bt TS, ey
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3.1 Monitoring & control connection with digital factory

HiL-WinMod-Simulation with Siemens S7-300 and Delmia Automation-HiL-Simulation with S7-300
for Hanover fair 2009

3D-
visualization O

] 3!} . Communication-
visualization j§ | adapter A77 for

Ethernet MPI-
communication

Production
monitoring
& control

ProVis
OPC-
client

machine

inMOD p Process

{E -‘ | ] L ] | ]

Ve visualization
2 ProVis. Agent]
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WinMOD
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Config for Slotz
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\ ] configfor skt [} simulation 1.sim <EDIT =10l
$lave [0 | Harchware | Data | Parameter -] eE57 321-1BLOD-0AMD 32DE (E67) [T ———
B4 £E57 322-1BL00-08R0  32DA (467) o
Mame:  [ET 200M (M153-1) Z1
Manufactuer  [SIEMENS - - - —
nectac | W% 01 - Zylinder mit 52 We geve ntil (F edemietellung)
Deseription:
T vor iz |8
SlavedD: |2 - Version: 41.19 ]— FHES iy —I
Ident 0BDID
[ lanore this Slave —a# Twar SinZ —I
B S A e
BTk [ v |
DK | ebbrechen | Obsmehmen Hilta
tl— @Reset Pos D—E
-4([) @NFT

2

Uxx 01 - Zylinder mit 5.2 Wegeventil VorRick IMPULS

 Peripherietreiber (z.B. OPC, Ethernet MPI, ) ver ‘uuz _I,
Profibus) o - LIJ

* Globale Operanden (interne Operanden, . vSteuerung (Schrittketten)
Eingange der Hardware, Ausgange der « Simulationsdateien

Hardware, Konstanten) (Simulationsverhalten)
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3.1 Workflow for simulation

Factory planning before PLC-programming

types, signal symbols, images

PLC WL @i 3D-visualization
equipment model

List of
signals

Monitoring system

onitoring syste

Virtual comm.-
communication

Final virtual comm. model ’

; PLC+peripheral equipment onitoring syste

& © Fraunhofer IITB, business unit PM

4032009
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3.1 Benefits from early connection of planning and operation

Mech.a _nlcal EIecFr_lcaI Manufact./ Commis-
facility facility . Ramp up
tructi t assembly sioning
«functions _ Lconstructio constr, // — " // —

*KPIs PLC- \\
e criteria for Program- h
approval ming / .

__________

Visuali- \\
zation
Mech_a_nica| Manufact./ Commis- Ramp u
facmty_ assembly sioning s
constructio
Electrical -
- virtual
facility :
commiss.
constr.

Specifi-
cation

YV V VY

in the future:

Specifi-
cation

vV Vvyy
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3.2 Required components for plug-and-work methodology

Facility, Facility, Facility

Digital factory

© Fraunhofer IITB, business unit PMC, 2009
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3.2 Current status of engineering systems for MES components

Superordinate IT
system, e.g. for
production monitoring
& control

@manually

AA

Presen

© Fraunhofer IITB, business unit PMC, 2009

1 Announcing PLC;
OPC-Client must
know the IP
address or name of
computer
and name of OPC-
server

2 Browsing using
hierarchical set of

ceﬁi‘:k’,er variables of OPC-
server
@ 3 Linking variables
provided by
@ equipment with
PLC and PLC variables manually variables of super

ordinate IT system

Name space of Variables of
List of available selected selected
OPC-server OPC-server
namespace
8 Doz Wiowser d , ]
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3.2 Plug-and-work approach

Goal of development:
OPC-UA-Server

© Fraunhofer IITB, business unit PMC, 2009

XSL-
Transformation

direct
_—

input

Generating
—>
process
images

Rules regarding

classification
control-system
specific assignment

*CAEX: Computer Aided Engineering
Exchange according to IEC-PAS-62424

Goal of development:
OPC-UA-Clients
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3.2 Plug-and-work approach

Tree View | XEL Output I
B SystemHierarchy

& GlobalSystemHierarchylName

G--#@ Descriprion
B3 SystemHierarchyElement
- SystemlnitInstancelame

& Description
) SingletonClassDhescription
J SystemHierarchyElement
- M SystemlnitInstancelame
‘4 Description
3 SingletonClassDescription
& Description
InternalElement

- localElementName
& description
[2) PredefinedRealisation
) InternalElement
InternalElewent

& localElemencName
& description

L) PredefinedRealisarion
J InternalElement
InternalElewent
- localElewentNams
- description

AutomationML*, 4

where Fraunhofer J:mm
IITB is one of the Wi
partners

CAEX is also the
describing and
exchange format
within

- refPartnerdideB
) InternalLink
Internallink
Internallink
-« ) SystemHierarchyElement
-~ SystemHierarchyElement

Facility instance incl. assemblies

Demo-Anlage

Ressourcen
Demonstrator mit Teilkomponsnten

Beschreibung der Teilkomponenten und ihrer Verknuepfungen untereinander

TB1
Transportbhand fuehrt Demoanlage Werkstuecke zu

DT1
Drehtisch uebherfuehrt Werkstuecke won Transportbhand Zufuhr an bbnehmer

Demaol

QFC-Server, der WVerbindung zur 3FP3 herstellt

TE1_DT1
[TEl.anlagentopologie]
[DT1l.anlagentopologie]

L

L) InterfaceClassLib

) RoleClasshil
& clobalRolelihName

G- Description

8-~ RoleClass

&--[) RoleClass

@2 Roleclass

2 SystemUnitClassL e -

& GlobalSystenUnitLibName

& Description

nUnitd

& SystemlnitClassName

(IR & Description

= ) SystemlUnitClass

-#¢ SystemlnitclassName

19 Description

. InternalElement

*see
www.automationml.org for
details

4

Connection between P, P, R und topology

Demo-RoleLib

lewo—Aufhaus (auf Rollen-Ebene)

.Rolis” fiir PPR, e.g. transportation be

t

Demo-SystenlUnitLib
Resohr=ilbung des Demo-Aufbaus (auf Typ-Ebene)

Structure of facility in the PLC, type of facility

Ty

]

N
Basis der Projektierunyg (z.B. Netzknoten, etc.)

Bedienpultl

|
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3.2 Plug-and-work tool

XML file

Open Filz 1 |

[+ opc:Resources
[#- opc:Resources
[ opc:References
= opc:ariable

- opciBrowseMame
- ppc:Fields

- ppc:Fields

- ppc:Fields

- opc:Fields

- npc:Fields

- ppc:Fields

- opc:Fields

[#- opc:References

e e T

.:] Open File 2 |

{Attr0) Name:Drehzeit pro 8071
{Attr1) DataType:Drehzeit pro 50°

s

Create Connection I

CAEX import schema CAEX output file
[=l- xsischema - [=l- CAE=File -
- wsisimpleType - RaleClassLib
E"XS:ngUD El-RoleClass
- xsicomplexType . - Attribute
- xsicomplexType [l RoleClass
- xs:complexType ¢ [ Attribute
| [ xs:annotation - RoleClass
[#- xs:complexContent E| RoleClass
- wsicomplexType ¢ [ Attribute
[ wsicomplexType s [ RoleClass
B xsicomplexType [ RoleClass
El ®sicomplexType [ RaleClass
- xsicomplexType [ SystemUnitClassLib
e T R

(Attr0) name:RoleClassType

4

Semantic Connection

Lf L

"

Leftitem

| RightTt=rn ]

xs:complexType

xs:complexType
xs:icomplexType
xsicomplexType
xs:complexType

in

(Attr0) Name:Drehzeit pro 5071

Transform |

[

il

Append |

CAEX Result

Gpen Fil= 3 |

P ] R
CAEX library

[#- InterfaceClass _AJ
RoleClassLib
Description

RoleClass
=) RoleClassLib J

Descripkion
RoleClass
RoleClass
- RoleClassLib
RoleClassLib

- RoleClassLib

- TE]

i

Palai o

RoleClass J
v

[Attr0) Name:SignalGroup
(&ttrl) RefBaseClassPath: futomatiol

o

4 |

=1 CAEXFile

Bl RoleClassLib
El-RoleClass
. B Attribute

| I—] T2

© Fraun...._.

D™

{Atirl) DataType:Drehzeit pro 50°

o

5l

xsicomplexType RoleClass
opc:Fields xs:complexType - RoleClass
| | > ¢ [H-RoleClass ;I
{Attr0) Name:Drehzeit pro 50°1 _‘I {Attr0) name:RoleClassType _‘I (Attr0) Nama:Drehzeit pro 90°1 J

(Attrl) RefBaseClassPath: AutomationMLBaseRoleClassLib/ AutomationMLBaseRole/Group/ SignalGre

ke
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3.2 Example for plug-and-work effects

Presentation Volvo 24032009

Example of a demonstrator:

- TS1: test station

- DT1: turn table

- TB1: transportation belt 1

- TB2: transportation belt 2

+ various variables and values

TEZ

- . AnaGeschwTB2_lst
ransportieren -

StzBandanfangTB2

Name: TB2
Prozess: Transportieren

: AbstTEZ_|st
Status: aktiv

TkTE2_Ist

BinEinTBZ_lst ZstTBZ_Beg

BinAusTB2_|st
AnaGeschwTS1_Ist

BinEingangT31_lst
BinAusgangTS1_Ist
BinPruefTS1_lst

- ID: m3867115

=

StzDefektTS1_Ist

completely! generated from ™™
self description of facility Zs(T51_Beg
including topology R — o
information from layout S S —
planning BinEingangDT1_lst ZstDT1_Beg BinEinTE1_Ist
Next steps BinAusgangOT_Ist BinAusTE1 o
- link to zifferent E-CAD-tools BinPaleeDT1s SteBandanfangTE1
- test with real facility TTB1 st
ZstTE1_Beg
© Fraunhofer IITB, business unit PMC, 2009 Page 32
|~

Z Fraunhofer

1]



Presentation Volvo 24032009

3.2 Example for plug-and-work benefits

potential for cost s'avmgs
by ,p\ug—and-work
(Values pbased on
experie

800000

700000 —

A total= APP- 25%

600000 —

500000

Projektierung
400000
B Invest Anlagentreiber
300000 B Invest Leitsystem
200000

100000

© Fraunhofer IITB, business unit PMC, 2009

Potential for savings at MES-/Monotoring-systems or

HMI; example ProVis.Agent®
Assumptions:
Invest monitoring system:

Monitored PLCs per system:
Efforts per PLC for Image-,
10- and facility engineering
=> Total engineering efforts
Cost per day engineering:
total cost engineering:

Potential for savings by
plug-and-work: app. 80%

500.000 €
250

2-5 days

app- 500 days

500 €
250.000 €

200.000 €

Page 33
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3.2 AutomationML (IEC DKE K941 Group)

- DAIMLER
AutomationML
Get rid of the paper interface! Englnee”ng data
| o SIEMENS
CAEX IEC 62424
T | | f t » Geometry
L ledel rotiie Kinematics ARBB
Object A .
Plant topology
information » Object A 5
Sl PLCopen XML
*Plants
B (hals | Behaviour Z Fraunhofer
«Components Sequencing e
Attributes »| Object A,
eInterfaces
Relations Further XML Standard format
INEIEETEE | Further aspects of
engineering information %,
NETA.I.LI:’D SYSTEMS
T T T T T ST TS ST T TS Page 34
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3.2 Benefits from early connection of planning and operation

Mech.a _nlcal EIecFr_lcaI Manufact./ Commis-
facility facility . Ramp up
tructi t assembly sioning
«functions _ Lconstructio constr, // — " // —

*KPIs PLC- \\
e criteria for Program- h
approval ming / .

__________

Visuali- \\
zation
Mech_a_nica| Manufact./ Commis- Ramp u
facmty_ assembly sioning s
constructio
Electrical -
- virtual
facility :
commiss.
constr.

Specifi-
cation

YV V VY

in the future:

Specifi-
cation

vV Vvyy
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