Christian Brecher, Cathrin Wesch-Potente (Eds.)

Proceedings of CoE-Conference 2013

Integrative Production Technology for
High-Wage Countries

\NTH
UNIVERSITY



Bibliographic information published by the Deutsche Nationalbibliothek

The Deutsche Nationalbibliothek lists this publication in the Deutsche Nationalbiblio-
grafie; detailed bibliographic data are available in the Internet at http://dnb.dnb.de

Christian Brecher, Cathrin Wesch-Potente (Eds.):

Proceedings of CoE-Conference 2013 —
Integrative Production Technology for High-Wage Countries

1°' Edition, 2014

@ &

Apprimus

Apprimus Verlag, Aachen, 2014

Wissenschaftsverlag des Instituts fir Industriekommunikation und Fachmedien
an der RWTH Aachen

Steinbachstr. 25, 52074 Aachen

Internet: www.apprimus-verlag.de, E-Mail: info@apprimus-verlag.de

ISBN 978-3-86359-198-4



Table of Contents

Simulation and Formation of Crystallization in Semi-Crystalline Polymers ...................... 1
Viable inspection system within the context of the ICD-D ...........coooiiiiiiiiiiii, 13
Analytical modeling and simulation of process forces in milling............cccccccooviiiin. 23
Autonomous generation of process knowledge in milling..........ccccccoovviiiiiiiiiiiii 43
Using the .vtk-Standard for Stress Visualization of Special Gears..............cccccoevviini. 55
MPC of an Injection Moulding Process - From physical Modelling to Model-based
CONTIOL e 75
ICMEg - the Integrated Computational Materials Engineering expert group - a new
European coordination @CHiION ............coiiiiiiiiiiiii e 85
CSP-2: How to move forward in production theory development?............................. 105
Analysis of friction stir welded blanks made from DC04 mild steel and aluminum

AABODT D ... 115
Benefits and Barriers of Interdisciplinary Work. Supporting and investigating
INTErAISCIPIINATITY. ..., 129
Adaptive Function Templates for Improved Function Structure Applicability ............... 143
Performance Measurement within Interdisciplinary Clusters of Excellence .................. 157
Simulation-Based Path-Planning for Robot-Machine-Cooperation ..............cccccoooeee. 171
Manufacturing of lattice structures in solid shells by Selective Laser Melting............... 183
Human Factors and Quality Management: "I" and "Q" in complex supply chain

Sy S IS 205
Integrated Product and Tool Development.... ... 215
Simulative study of the interrelationships of a multi-stage supply chain, taking into
account the product QUAlILY ... 223
Additive manufacturing of automatically optimized profile extrusion dies .................. 233
Improvement of Global Footprint Design decisions by the use of an evolutionary
AlG O NN e 245
Machine development for direct, mould-less production systems.................c...cceen... 259
Adaptive Sequence Planning for Production Networks.............cccceovvviviiiiiiiiiii 275
Scalability of the mechanical properties of SLM produced micro struts...................... 287
Assembly of Large Components in a Smart FAactory.............cccooovviiiiiiiciiieieece 299
Supporting technology transfer via web-based platforms...............cccccooviiiiiiii 309
Self-optimizing assembly of aircraft shells in global referencing systems.................... 321
Fabrication of Hierarchical Structures by Direct Laser Writing and Multi-Beam-
IMEEITEIENCE .o 337
Self-optimizing assembly of individualized laser systems ...........cccccooeeeiiiiiiiiiiiiice, 351

In-Mould Metal Spraying: New production technology for metallised plastic
COMIPONENTS e ettt 355



Model-Based Assembly Control CONCEPL......vvvviiiiiiieiiiiii e, 367

Influence of surface pre-treatment on the transferability of Zn-EMC-coatings ............ 381
Determination of process variables in CO2 lasercutting and GMA welding................. 395
Hyperslice Visualization of Metamodels for Manufacturing Processes......................... 409
Guidelines for traceable Measurements on MTPS...........coooiiiiiiiiiiii e, 421

How Virtual Production Intelligence Can Improve Laser-Cutting Planning

P OB SS . 429
Enhancement in wire-based laser deposition welding ...........ccccccooiiiiiiiiiiiii 447
Value-oriented layout planning using the Virtual Production Intelligence (VPI)............ 459



Simulation and Formation of
Crystallization in Semi-Crystalline
Polymers

Spekowius, M.






Abstract

Because of their wide range of application and complex properties, it is desirable to have a
precise simulation of the global part properties. This is only possible by taking inhomoge-
neous material properties into account. For the prediction of these properties it is necessary
to calculate a high resolution texture of the local microstructure in the part. Thus the mi-
crostructure simulation is an important tool for the investigation and development of new
simulation models, e.g. for the computation of shrinkage and warpage. With the goal to
predict a high resolution texture of the microstructure in injection moulded parts the simu-
lation software “SpharoSim” is developed at the IKV and extended with new models for
the prediction of flow induced crystallization.
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Microstructure of Semi-Crystalline Polymers

= Microstructure varies
over cross-section and
flow path

= Significant influence of
rheological and thermal
conditions in the melt

= Dimensioning is done
under the condition of
homogeneous material
properties

= Microstructure influences
the global properties of
the part

INSTITUTE OF PLASTICS PROCESSING (IKV) — AACHEN, GERMANY
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Microstructure Formation

\ ~ | = Nuclei are created in the melt

= Polymer chains attach to the
nucleus (folding) => crystal
lamellae

= Growth speed independent of
flow field but depending on
temperature

= Nucleation influenced by flow
field and temperature

Bild 4
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Flow Induced Effects

[ |
melt flow weak
‘ shearing Spherulites
strong Shish-Kebab
shearing
[Tie94, Sor07]
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Integrative Simulation Including Microstructure

Simulation
Macrosimulation Transferlevel Microsimulation
Injection moulding Microstructure
simulation simulation

Global Properties |<7 Homogenization |«

N_/

Cross-section
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Young's
modulus
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SpharoSim

Problem: Prediction of global effects, e.g. shrinkage and warpage requires
knowledge about the microstructure

Simulated with SpharoSim . Not simulated with SpharoSim

High-resolution mesh Molecules
P Fibrl Lamell ey s

Rough mesh

=]
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Simulation Approach
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Flow Induced Crystallization
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Integrative Simulation of Plastic Components

Injection moulding simulation

Boundary conditions

325 Temperature [K] 410

Microstructure
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z Parallelization of SpharoSim
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Conclusion

= Solidification of polymer melts is a complex problem
= Temperature and flow are the most important parameter

= The software SpharoSim is developed within the cluster of excellence for usage in multi-
scale simulation chains

= Flow induced effects are calculated with the reptationmodel

= Parallelization of SpharoSim shows good results

= Next research goals for simulation of crystallization:
= Validation of flow induced crystallization models with experimental data
= Further optimization of the performance
= Prediction of Shish-Kebab

!- INSTITUTE OF PLASTICS PROCESSING (IKV) — AACHEN, GERMANY
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Thanks for your attention!
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Viable inspection system within the
context of the ICD-D

Frank, D.

13






Abstract

The Viable-Systems-Model (VSM), which was first introduced by Stafford Beer has proven
to be a convenient framework for the design of self-optimizing production systems. With
the design of the management model, Beer introduced the principles of viability and recur-
sion as the central structural characteristics of his model: He defines five main management
systems in order to guarantee the viability of a system. Being a recursive system, the VSM
allows setting the focus on different levels of depth for system design and development.
The VSM has been used in several cases to design enterprises, organizations or even gov-
ernmental structures. However, the application of the model to technical systems, i.e.to
develop the architecture of technical systems has not been done so far. After a short intro-
duction to the main principles of the VSM it will be shown how the structure and design
rules of the VSM can be transferred to a robot inspection system. Furthermore, it will be
presented how to connect viable processes and technologies cited to the research of the
cluster of excellence on a higher recursion level.
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Viable inspection system within the
context of the ICD-D

A framework based on the viable systems model

RWTHAACHENHOUSE =
UNIVERSITYOF PRopucTion  Zz4 Fraunhofer %AACHEN
i H R 1PT

The Inspection System - Components

B [ndustrial Six-axis-robot:
— 0.01 mm repositioning accuracy
— 3kg handling capacity (for sensors, cameras, grippers, etc.)

Additional components (to be procured):

m Six-axis force/torque sensor for force-path and torque-
angle trends

m Force control system — to enable quick and easy learning
of paths and movements

m Optical sensor equipment (white light microscope for
surface measurements, cameras for automatic
positioning)

m Endeffectors to interact with objects

RWTHAACHEN HOUSE =
UNIVERSITY OF PRODUCTION 7 Fraunhofer %MCHEN

Hetfatielet IPT

Page 2

17



The Inspection System — Functionalities (Planned

B Supporting product realization by e. g.:
|nje|gti0n- |nielgti0n- — Supplying measurements for process selection
Molding Molding o . e
Process A Process B — Verifying supply components against specifications
— Evaluating tolerances

| b\ |
H_[]" " ® End of line inspection
— Helps to objectively inspect certain parameters (average

clearance between parts, correct position of components)

— Offers the possibility of inspecting multiple parameters within
one inspection step

E E ®m Describing customer requirements through

measurements
Alternative  Alternative — Competing products > benchmarking
1 2 . . . .
— Validation of design concepts using reference data

RWTHAACHEN HOUSE - Wzl
UNIVERSITY OF PRODUCTIO = Fraunhofer
IR KT et RWTHAACHEN

Page 3
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The Viable Systems Model (VSM)

B The three main characteristics of a viable system according to
Beer are: Viability, autonomy and recursion.

® The human organism is a model example of viable system. It can
be used to explain the necessary functions of a viable system:

The cortex represents the identity of a person and contains values
and visions of the future

The interbrain perceives, filters and transmits information from the
environment to other parts of the system

The brain stem controls and supervises muscles and organs.
Although it receives control information from the interbrain and the
cortex, it can act autonomic.

The spinal cord allows real-time transmission of information
between muscles and organs - acts as a bypass to save time

The heart is a single operation unit. It also contains another viable
system with all the necessary functions (recursivity).

Source: BEER 1972; BEER 1973

RWTYHAACHEN HOUSE = Wil
UNIVERSITYOF PRobucion 224 Fraunhofer
e RWTHAACHEN

Page 4

ge0ss0ssesesse
o0 o0 o0 o
ooooooooooooo

18




Systems within the VSM

Abstract visualization of the VSM, in order to be viable, System 5 (Corten)

a system must contain all these functions Balances current situation and future

perspective, represents identity and values,

System 4: (Interbrain)

Derives future goals and plans
incorporating the outside perspective

* problematic

environment System 3* System 3: (Interbrain)

(Parasympathetic
Nervous System)

Steering of operative system,
synchronization of operating units

Monitoring of
information flow

* accepted through audits and
environment

System 2: (Nervous system)

Coordinates activities of System 1 units by
communicating and damping or
diminishing specific information

specific parameters

Command Channel (Spinal chord)

Information bypass from System 1 to
System 3, 4 and 5

System 1: (Organs & Muscles)

Control system of the operating units. Acts
mostly autonomic, within given task.

RWTHAACHEN HOUS!
UNIVERSITYOF P

Page 5

IPT

5. v 24 Fraunhofer %AACHEN

Recursion of the VSM Transferred to the ICD-D

Control units of operative systems (System 1s) represent metasystems (Systems 3, 4 and 5)
for lower levels of the recursion:
Paint shop 4 Dashboard assembly Engine assembly
L]

Recursion level: Shop floor (D1)

System 3 of the dashboard assembly defines
timeframe for inspection, goals for the
accuracy and so on. It synchronizes the EOL
inspection in respect to the necessary
connections

Robot based

. - Recursion level: Manufacturing Cell
inspection System

(D2/D3)

The inspection system controls and
synchronizes the use of the sensors for
different dashboard alternatives autonomously.

Recursion level: Technology (D2/D3)

The inspection systems represent operative

‘ _ units from the perspective of the

=) =) < manufacturing cell. A sensor or the arm of the
3 ' robot has a distinguished function and works
in combination with other technologies.

RWTHAACHENHOUSE = Wzl
UNIVERSITYOF Probucion 224 Fraunhofer
RERIRRTH i RWTHAACHEN

Page 6
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VSM Model of the Shop Floor Level

* accepted

* problematic
environment

environment

System 3* Direct
monitoring

Which parameters should
be reported in addition to
system 2 data?

How can the control
parameters of system 1
be optimized using these
figures?

YA \4

The VSM helps to establish the link between organizational
(Shop floor) and technological (Manuf. systems) research

System 5:

Which specific policies are needed to utilize the|
inspection system? (e.g. quality premises)

System 4:

How can the data support the inspection and
order policies? = adapting networks

System 3:

What are the specific tasks of the inspection
system, how does the shop floor have to
control the inspection system?

System 2:

What kind of data flows through?
What kind of interfaces are necessary?
What kind of system is necessary?

Command Channel:
Are quality emergency procedures necessary,
what data triggers such an emergency?

System 1:

How does the system communicate to other
level 1 systems?

RWTHAACHEN
UNIVERSITY

°
°
.

~ Fraunhofer

IPT

Page 7
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VSM Model of the Manufacturing Cell Level

* accepted
environm

* problematic
environment

System 3* Direct
monitoring

Diminishing capability of
the system has to be
checked from time to time
through a measurement
systems analysis
technique and re-
calibration of sensors if
necessary

3%

ent

YA \4

The application to the manufacturing cell shows the
applicability of the VSM to technological systems

System 5:

Are special policies needed from the
perspective of the inspection system?

System 4:

What data is needed to adjust the system
externally? How can the inspection system be
integrated in an existing MES?

System 3:

What kind of movement control mechanism is
useful for the purpose of the system (force
controlled, camera controlled)?

yd

System 2:
Do data thresholds have to be defined?

Command Channel:
Excessive sensor load or unknown situations
trigger a stop command

System 1:

Which inspection tasks are necessary and
which technologies (sensors) can fulfill these
tasks?

RWTHAACHEN
UNIVERSITY

°
°
.

~ Fraunhofer

IPT

Page 8
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Summary & Outlook

B Technological systems such as the inspection system
presented, can be described using a VSM-framework

®m Future research focus and remaining challenges within
the system itself and its context can be displayed within
the VSM

m With the help of the VSM the inspection system can be
positioned within the ICD-D and connections are directly

visible
RWTHALCHEN HOUSE = W/LL; .
UNIVERSITYOF Prooucion 2z Fraunhofer R\NTHAACHEN e
96100 M 34 1 IPT
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Analytical modeling and simulation of
process forces in milling

Cabral, G. F.
gustavo.francisco.cabral@ipt.fraunhofer.de

Keywords:
milling, simulation, forces, design, planning
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Abstract

Applying software tools helps producing enterprises with highly qualified employees to
plan and optimize production processes more efficiently. Modern tools for planning and
designing milling processes usually consider only the macro contact conditions between
the workpiece and milling tool and are very limited for designing processes with specific
cutting edge geometries.

In this work, an innovative analytical approach for determining the geometrical conditions
and deriving the process forces in five-axis milling is presented. The simulation of the en-
gagement conditions is based on parameters which are obtained through numerical extrac-
tion models. The geometrical cutting conditions are analytically calculated. The proposed
analytical model considers the cutting edge geometry and evaluates the uncut chip dimen-
sions including chip thickness, width, length and cross-sectional area. The cutting forces
are predicted by using oblique cutting theory, considering the ploughing and shear forces
acting on the tool edge.

The developed models are currently being implemented in a software tool using coupled
simulations which allows a simulation-based planning of milling processes.
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Design of milling processes

Process modelling and simulation

Case study

Summary and outlook
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Problem description

Challenging limitations of machining processes

Unfavorable cutting conditions

Low material removal rates
Unfavorable chipping formation mechanisms

High affinity to adhesion and diffusion due to strong reactivity of
certain materials

High pressure on upper area of rake face due to high chip
curvature and hence low contact length

- Process disturbance, re-work and workpiece rejection

Progressive tool wear leads to unwanted effects in process:

Increase of process forces and temperatures

Recalibration of tools parameters and demanded new-calculation
of the NC-Path in CAM

Undesired surface marks due to tool change
Increasing roughness of the generated surface

Undefined residual material

High tool wear, bad surfaces, long processing times

© RWTH Aachen University
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Problem description

Challenging limitations of machining processes

Tool wear

0,5 mm

Unfavorable chip formation
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Project overview
Current solutions for improving the process performance

m Optimization of the cutting tools
— Cutting tool macro and micro geometry optimization

— Preparation of the cutting edges, rake and clearance angles,
tool diameter, tool form, cutting edges distribution etc.

— Cutting tool material
— Development of coatings (PVD, CVD / CBN, Diamond etc.)
— Development and utilization of lubricants

®m Improvement in the machine tool
— Improved process kinematics (Multi-axis milling, ultra-sound
technology etc.)
— Higher and adaptable cutting speed
® Improvement in the clamping systems
B Process monitoring ;
There is plenty room for
®m Improved process design and planning improvement of process design
— Selection of optimized cutting conditions and planning
— Process simulation
© RWTH Aachen University Im“l AACHEN HI : Page 4
UNIVERSITY OF PRODUCTION
Agenda
Introduction
Design of milling processes
Process modelling and simulation
Case study
Summary and outlook
© RWTH Aachen University Im“l AACHEN HI : Page 5
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Milling process design

Common practice for designing advanced milling processes

Process
performance

r 3

Current
process
limitation

n

>

Duration for process
design

Common methodology

® Testing methods mostly
experimental

m Strongly based on
experience

® No standardized
methodologies and
technology databases

Drawbacks

® Low parameters and
material removal rates

B Long ramp-up times for
setting-up new milling
processes

© RWTH Aachen University
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Milling process design

First objective: increase of process performance

Process
performance

r 3

Potential
Target

Identifying further
Current potential systematically

process
limitation

n

>

Duration for process
design

Common methodology

® Testing methods mostly
experimental

m Strongly based on
experience

® No standardized
methodologies and
technology databases

Drawbacks

® Low parameters and
material removal rates

B Long ramp-up times for
setting-up new milling
processes

© RWTH Aachen University
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Milling process design
Second objective: reduction of duration for process design

Process
performance

r 3

Potential
Target

Current
process
limitation

Using simulation and
standardized approaches

S

Identifying further
potential systematically

n

>

Duration for process

Common methodology

® Testing methods mostly
experimental

m Strongly based on
experience

® No standardized
methodologies and
technology databases

Drawbacks

® Low parameters and
material removal rates

B Long ramp-up times for
setting-up new milling

design processes
© RWTH Aachen University ““TH :__'1 i | -." LISE Page 8
UNIVERSITY
Agenda
Introduction
Design of milling processes
Process modelling and simulation
Case study
Summary and outlook
© RWTH Aachen University ““TH :__'1 I | '_'.‘ LISE Page 9
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Methodology for a Simulation and Analysis of Milling Processes
Which Questions Should be Answered...?

Which variables are significant for the process performance

Question |

How can the mechanical loads sufficiently be determined during the
process planing?

Question Il

.§ How can the developed simulation models

8 be used for designing and planing machining processes?

&

© RUTH Aachen University RWTHAACHEN HOUSE Page 10
UNIVERSITY OF PRODUCTION

System definition and limitation
Relevant parameters for the proposed simulation

108
H Force B Macro contact conditions (from
B Torque correspondents a,, a,, tool

orientation etc.)
B Feed rate f,
m Cutting speed v,

B Material
B Mechanical, chemical and

Ghip:geometry:: ittty

B Thickness, length, width, cross-

thermal properties .
B Geometry sectional area
B Other parameters : impact
factor, compactness ratio etc.
Mitling ¥ool:i i
m Cutting edge m Wear
rounding H Breakage
® Macro and B Surface roughness
microgeometry
© RWIH Aachen Uriversiy R\NIWAAGHEN HOUSE Page 1
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Methodology for simulation of milling processes
Development of a modular simulation tool

B The simulation is modular built:

— Macro simulation: considers just the tool macro
geometry (tool form, diameter and length etc.)
and uses dexel-based algorithms for calculating
the macro contact conditions

— Micro simulation: considers the tool micro
geometry (cutting edges, rake angle, helix angle,
etc.) for calculating the micro contact conditions

® Macro- and microsimulation are integrated in a
CAM-based environment

® The data from both simulations is available for
the implementation of different models: forces,
temperatures, residual stresses etc. (the red
block can be replaced)

B The models are dependent on the process, i.e.
the boundary conditions and needs from
different processes are considered)

m Data transfer between the simulation and
process in both direction

© RWTH Aachen University MAACHEN HOUSE Page 12
UNIVERSITY OF PRODUCTIO

.............

Methodology for simulation of milling processes
Analysis of engagement conditions as prerequisite

Macroscopic tool
engagement
Microscopic tool

\\) engagement
=

Position and ‘ TQOI path

orientation of tool - :

Characterization \

Design

Quelle: Brecher, 2011

© RWTH Aachen University IMHAACHEN HOUSE Page 13
UNIVERSITY OF PRODUCTIO
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Simulation aproach
From ,macro“ to ,micro“ contact conditions

Contact conditions

2500 Force [N]

Workpiece

Chip
¢ thickness

-—

Step)
© RWTH Aachen University w Page 14
secsccsssssnns
e e e - e
.:l.:: :I:D.::

Geometrical modeling

Modeling of the kinematics of the
milling process

Tool geometry
— Discretization of the tool along
the tool axis and radial direction
— The single tool ,slices” are
considered as thin end mills
— Consideration of any tool
geometry (circumferential milling)

Chip geometry

— Cross-sectional area, thickness,
width, length

Further derivated parameters

— Impact factor, compactness ratio,
chipping time, engagement
diagram, surface generating area,
local cutting speed

© RWTH Aachen University

Page 15
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Methodology for a Machinability Analysis
Analogy Milling Test Bench

Real
milling process

Transformation of uncut chip geometry

Real

chip geometry

Analogy
Milling process

® Hydrostatic
mounted slide

m Work piece in high
precision bench vice

®m Special tool on
force sensor

® Hand wheel for
tool infeed

B Granite bed

© RWTH Aachen University
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Force modeling
Approach

Orthogonal Cut

Shear Stress
Calculation

Coefficients
Calculation

Orthogonal cut is a process in which the cutting tool have no
helix angle and the surface generated by the cut is parallel to
the previous surface (constant chip thickness).

The cutting area is divided into infinitesimal areas and the shear
zone is assumed to be a thin shear plane. Through the
experiments, an equation for the shear stress is calculated in
function of the cutting speed, rake angle and uncut chip

thickness

The force coefficients are calculated in function of the shear stress
and the tool geometric parameters — radius, helix and rake angle.

© RWTH Aachen University
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Force modeling
Based on the Altintas-Merchant model

m The force in x and y direction are called cutting
(Fc) and normal cutting (Fcn) force, respectively.

B In both of then the cut and edge effects are
considered, according to Altintas formulation:

dF =F, +F,
dF =(k, +k.h, Jo
m The edge forces are obtained by curve fitting

extrapolating the values measured to a case that
the chip thickness is zero.

m |t is also considered the influence of the cutting
edge rounding and the ploughing effect

Quelle: Altintas, 2000
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SimCut
Simulation tool under development
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Secssnssessnse

Methodology for a Machinability Analysis
Uncut Chip Thickness is Significant for Occurring Forces

i/ = Smallh,,lead to higher

specific forces

= Orthogonal cutting 4500 Specific force k. [N/mm?2]
® Straight uncut chip
t
geometry 3600 m Possible causes are

scale and size effects,
e.g.

— Lower propability for
occurence of material
specific failures

— Ratio of cutting edge
rounding to hg,
increases

® v.=70 m/min
® h,=10; 30; 50 ym

® b,=1Tmm

2700

m|,=20mm

Nomenclature
| NiCr19NbMo

X6NiCrTi26-15 he, [m] 10 30 50
. , v, [m/min] 70 70 70
Specific force evaluation

kc =F./ (bcu*hcu)

, Cutting velocity v, and uncut chip
thickness h_, are relevant for process design

© RWTH Aachen University WCHEN HDUC;E Page 21
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Ploughing effect
The cutting edge rounding and the ploughing effect

rg [um]: 10
hgp [UM]: 5
vc [m/min]: 70
hgp/rg: 0.5

.

rg [um]: 10
hgp [Um]: 10
vc [m/min]: 70
hgp/rg: 1

——

rg [um]: 10
hgp [MM]: 20
vc [m/min]: 70
hgo/rp: 2

© RWTH Aachen University

rg [um]: 10
hep [UM]: 5
ve [m/min]: 140
hgo/rg: 0.5

rg [um]: 10

hgp [Um]: 10

vc [m/min]: 140
hgp/rg: 1

rg [um]: 10

hgp [Um]: 20

vc [m/min]: 140
hgo/rg: 2

Page 22

End milling

Comparison of three different milling strategies

Linear path

Circular path

Tool orientation

Full Groove Full Groove Full Groove
engagement opening engagement opening engagement opening
[OR -0,1659° 90° 0% -0,1471° 90° B¢ 3° 3°
0, 180,1659° 180,1659° 0, 180,1872° 180,1872° Bw  -7,5°-+58° -7,8°-58°
O 180,3318° 90,1659° 0. 180,3343° 90,1872° (N variable variable
ap 6 mm 6 mm a, 6 mm 6 mm O unten variable variable
a, 12 mm 6 mm a, 12 mm 6 mm a, 74-81mm 6,7 -7,8mm
f, 0,035 mm 0,035 mm f, 0,035 mm 0,035 mm f, 0,035 mm 0,035 mm
D, 450 mm 450 mm TBahn 50 mm 56 mm D, 450 mm 450 mm
© RWTH Aachen University RWTHAACHEN HI Page 23
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End milling

Changing the tool orientation to distribute the load along the flute

200 Umschlingungswinkel [°] 10 B, [mm]
Position 3, Length [mm] o v
1 -7,8271° 2,5116 , ;
1
2 —4,3736° 20,0931
65 2,5
3 —2,1880° 38,9307
2
4 +43484° 565127 : — L
Bahnlange [mm] o]
\_ 5 + 5,78140 64,0478 ——unten ——oben ——Durchschnitt
3,50 X102 hy, , [mm] 0,350 A, [mm?]
2,63 0,263
B == 1,75 0,175
0,87 0,088
‘ 0 100 200 300 0 100 200 300
[ o[l
—— Position 1 Position 2 ——Position3 ——Position4 ——Position 5
© RWTH Aachen University 3;: Page 24
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Expansion to more complex chip geometries and tools
Example: sinus wave milling

Simulated forces

>

5000 F[N]
I_ User defined
3750 process boundary
il -
125
[ N a y™~—
Milling tool Process parameters 0 6.25 125 18.75
End mill Orientation: Orthogonal +
D =6mm fz = variabel [0,04 — 0,1 mm] Time [s]
A=30° ae = variabel [0 — 6 mm]
Z=4 ap = variabel [1 —4mm]

vc = 140 m/min
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Summary and Outlook

Summary

m Systematic and standardized determination of thermo-
mechanical loads in the chipping zone is of major importance

B Simulation is a valid technique for achieving this aim

® |mportant factors to be considered in the simulation are the uncut
chip geometry, the workpiece geometry/material, the tool
geometry and the cutting strategy

® On this base a fast and precise milling process design can be
supported

Outlook

m Further development and qualification of models for simulation of
milling process is one of the objectives of this work

® The future work will focus on the simulation of the workpiece
properties in a process chain

© RWTH Aachen University
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Outlook

f the surface properties in a process chain

simulation o

Next step

@
>
o
0
=
<)
it
4

Page 28

© RWTH Aachen University

"y eewe

olirattention

Y

TeswEae

\

u: for

Thank yo

k]

© RWTH Aachen University

41






Autonomous generation of process
knowledge in milling

Auerbach, T.
t.auerbach@wzl.rwth-aachen.de

Keywords:
Self-optimization, modeling, milling

43






Abstract

Process knowledge is a key factor of production and is decisive for the success of a compa-
ny. It is also an integral part of the self-optimization approach which is currently researched
within the Cluster of Excellence. In this context, process knowledge in machine readable
form is required to provide the self-optimizing manufacturing system a basis for decision
making and optimization processes.

In this presentation, an innovative approach for milling processes is introduced. It illustrates
how a manufacturing system can be enabled to generate process knowledge in machine
readable form autonomously. The presentation is structured in three sections. In the first
section, the general self-optimization approach for manufacturing processes as well as the
process independent modeling methodology are briefly presented to describe the initial
situation. The second section includes the new concept for the autonomous generation of
process knowledge in milling and shows some of the first results to implement this con-
cept. The results are a configuration assistant to define a modeling task, an intelligent
method to organize experiments, a genetic algorithm to determine model coefficients and
a communication interface. The last section closes the presentation with a brief summary.
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How to realize self-optimisation in manufacturing processes?

™\

s i a -
Model-Based Self-Optimisation 1 Analysis of the

actual situation

v

2 Determination of
system goals

¥

f Adaptation of the )
3 .
| System behaviour

<MO-System> [

Self-optimisation
requires machine
readable knowledge

RWTHAACHEN HOUSE page 3
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Basic prerequisite for the model-based self-optimisation

Physical relationships in Modeling methodology
manufacturing process o _

Process knowledge in
machine readable form
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Initial situation / Motivation
General idea and first results

Summary
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Research hypothesis

A manufacturing system is able like the human being
to develop machine readable process knowledge
autonomously.
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First results: Configuration assistant I/ll

Configuration of the test
environment
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First results: Configuration assistant I/ll

Configuration of the
experiments
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First results: Intelligent organization of experiments

RWTHAACHEN HOUSE page 9
UNIVERSITY OF PRODUCTIO

eecoocc000000000
00 o0 00 o o0
ooooooooooooo
.......

First results: Development of a genetic algorithm to determine model
coefficients
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First results: Communication with the machine

Information processing unit
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Summary

m Current research activities within sub-project D2
focuses on the development of a testing
platform, that is able to generate process
knowledge in milling autonomously.

® The general concept and some first results
were presented.

® First results are:

— A configuration assistant to define the testing
conditions and the experiments,

— A genetic algorithm to determine optimal model
coefficients,

— An algorithm to organize the required milling
experiments as well as

— A communication interface to enable the
information flow between the information
processing system and the machine.
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Abstract

Through the development of new processes and products a need for special transmissions
and gears arises constantly. They are mostly characterized by complex kinematics and ge-
ometries. These transmissions and gears can usually not be analyzed using standard soft-
ware. Either the contact characteristics are modeled in a commercial FE-software, which
costs a lot of effort. Or software for this special case has to be developed. Sometimes this
results in strong simplifications to enable standard gear software to analyze the parts. In
order to overcome this barrier for special transmissions and gears (e.g. beveloids), the gen-
eral tooth contact analysis software ZaKo3D can be used [HEMMO7, ROET12].

The software ZaKo3D calculates the loads on the tooth flanks and the stresses in the tooth
root. Until now no possibility exists to visualize the loads and tooth root stresses in each
calculated rolling position. Therefore this presentation describes, how the vtk-format
[PRAH12] can be used to visualize the calculated results. In two test cases is shown, how a
stress-analysis can be performed, by connecting ZaKo3D and the visualization tool kit
ParaView. As test-cases beveloid gearings are used. The axes of the first gearing are paral-
lel, the axes of the other gearing are crossing. It is shown for both test-cases, how the posi-
tion of the contact line and the overlap influence the maximum tooth root stresses.
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Types of Gears

© RWTH Aachen University wm II % Page 2

Parallel Axes

Software Overview — Tooth Contact Analysis

Software Producer Functionality
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Coverage of Gear Types by the Presented Sofware

Parallel Axes

© RWTH Aachen University ws%m Page 4

Flank Topography

Flank Pressure,
Tooth Root Stresses

Transmission Error
Graphs

Contact Pattern,
Single and Multiple
Tooth Mesh

Contact Geometries
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Calculation Procedure of ZaKo3D

Load-Free Calculation Calculation with Load
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Actual Visualisation of Contact Pressure and Root Stresses

FE-Model Actual Visualisation

Max. Contact Pressure

~

E e

Max. Root Stresses

m 2D-Visualisation
m r-z-Coordinates
m Maxima over all Mesh
Positions
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Integration of vtk-Standard into ZaKo3D

FE-Model

3

- POINTS
- CELLS
ZaKo3D Results - CELL_TYPES
Actual Contact Pressure p— - PO|NT_D ATA

Actual Root Stresses

Mesh_Position_n.vtk

Mesh_Position_ ... .vtk

Mesh_Position_1.vtk

\/

© RWTH Aachen University ““TH :__'? i | HOUSI : Page 10
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Visualization of .vtk-Data with ParaView
Mesh_Position_ ... .vtk
P V. A Mesh_Position_1.vtk
’l Parallel Visualization Application
e oy . : - POINTS
. '- - CELLS
Sandia \\ "
ek e Y((K’ twar ? - CELL_TYPES
. A n N
csimsoft. -LosAlames gm!]wg vt ] | - POINT_DATA -
- Scientific Result Visualization
- Supports .vtk-Standard
3D-Visualization:
Anaglyph (red-blue)
Interlaced (e.g. shutter)
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Test Case - Beveloid Gear with Parallel Axes

Tool Data Positioning
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Test Case 1, Parallel Axes:
Tooth Root Stress Analysis — Complete Meshing

Tooth Root Stresses
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500
400 7 \\
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Test Case 1, Parallel Axes:
Tooth Root Stress Analysis — Rolling Position 0-43

Tooth Root Stresses
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200 ‘
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Test Case 1, Parallel Axes:

Tooth Root Stress Analysis — Rolling Position 43-73

Tooth Root Stresses
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500 N
\

400 /
300
200
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100 ~
0 50 100 150
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Test Case 1, Parallel Axes:

Tooth Root Stress Analysis — Rolling Position 73-94
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Test Case 1, Parallel Axes:
Tooth Root Stress Analysis — Rolling Position 94-123

Tooth

600
500
400
300
200
100

Max. Von Mises Stresses
Oym [IN/mm?]

g 4
G 3
Q
=T 2
N
ol

o)

g 0
>

zZ

Root Stresses

2N\
\
1

0 50 i 100: 150
Rolling Rosition [-]

0 50 100 150
Rolling Position [-]

o

e on Mises Stresses (N/mm:
200 400
B

0 600

© RWTH Aachen University

Test Case 1, Parallel Axes:
Tooth Root Stress Analysis — Rolling Position 123-150

Tooth
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Test Case - Beveloid Gear with Crossed Axes
Gear 1

Tool Data Positioning and Load

Source: Brecher, Brumm, Hiibner, Henser: Influence of the Manufacturing Method on the Running Behaviour of Beveloid Gears, Prod. Eng. Res. Devel., Bd. 7, Nr. 2-3, S. 265-274, 2013
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Test Case 2, Intersecting Axes, Pinion:
Tooth Root Stress Analysis — Complete Meshing

Tooth Root Stresses
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Test Case 2, Intersecting Axes, Pinion :
Tooth Root Stress Analysis — Rolling Position 0-32
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Test Case 2, Intersecting Axes, Pinion :
Tooth Root Stress Analysis — Rolling Position 32-63
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Test Case 2, Intersecting Axes, Pinion :
Tooth Root Stress Analysis — Rolling Position 63-78
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Test Case 2, Intersecting Axes, Pinion :
Tooth Root Stress Analysis — Rolling Position 78-108

Tooth
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Test Case 2, Intersecting Axes, Pinion :
Tooth Root Stress Analysis — Rolling Position 108-132
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Summary and Outlook

Summary
B ZaKo3D was equipped with the .vtk-interface

m By using the .vtk-standard the visualization toolkit
ParaView can be used to visualize the calculation results
of ZaKo3D

m In a test case was shown, how contact loads and overlap
influence the tooth root stresses

Outlook

m Connecting ZaKo3D to the AixVipMap platform using the
.vtk-interface

m Enable users from industry to use the
3D-visualization of loads and stresses (e.g. in the
software platform “WZL Gear Toolbox”)

© RWTH Aachen University Page 29
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Abstract

Today’s manufacturing systems are getting more and more complex. High-level control
algorithms, such as Model Predictive Control, potentially allow for making use of rising
computational power. Through the use of mathematical process models, a controller can
be tailored to fit a specific process more closely than it would be possible with classical PID
controllers, allowing for better and more precise control.

Many production systems — such as the injection moulding machine considered here - can
be equipped with interchangeable tools (in this case moulds) that have significant influence
on process behaviour. As the machines built-in control systems are typically developed in-
dependently of the tools, challenges arise in adjusting the process model to the combina-
tion of machine and mould. Although the process behaviour is qualitatively similar for dif-
ferent combinations, significant quantitative differences are to be expected.

In order to automatically adjust the process model and to allow for the use of the model in
a Model Predictive Controller, a procedure for identifying the behaviour of an injection
moulding process has been developed in cooperation between the Institute for Automatic
Control (IRT) and the Institute of Plastics Processing (IKV) [HO2013]. The identification pro-
cedure can be carried out in an operational state that is close to regular operation and
therefore is potentially embeddable into a real-life workflow. It is based on a physically mo-
tivated grey-box model. In a previous contribution, a process model of an injection mould-
ing process was identified. Based on the identified model, now a Model Predictive Control-
ler is implemented and first control results are shown.
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Introduction: Motivation

B Today's manufacturing systems get more and more
complex

m High available computational power theoretically allows
application of complex control algorithms

m Complexity often limits acceptance for high-level control

m Use computational power to let the machine help the user
set up the process

m MPC as potential Method to make the use of control
algorithms more intuitive

© RWTH Aachen University mlMCHEN HOUSE Seite 2
UNIVERSITY OF PRODUCTI

TIT XYY YY)
es oo

-------------

Introduction: Injection Moulding Process

HIDRIVE

Quelle: Arburg

®m Important Process Values
— Screw Pressure Ps
— Cavity Pressure P,

Quelle: IKV

© RWTH Aachen University mlMCHEN HOUSE Seite 3
UNIVERSITY OF PRODUCTI

TIT XYY YY)
es oo

-------------

80



Introduction: Motivation

m Different manufacturor for machine and mould

m Controller needs to be able to cope with different moulds
and materials

m Cavity pressure sensor is part of the mould, not the
machine

Quelle: Arburg

m Sitill: basic qualitative behaviour should stay the same

B Machine needs to ,get to know* the mould
— > Process identification nescessary

"

Quelle: IKV

Seite 4

© RWTH Aachen University
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Physically Motivated Model

m Formulations for dynamical process models are manifold

m White-Box Model vs. Black-box Model
— Physically-based (white-box) models completely
interpretable but show limits

— Black-Box (e.g. Neural Network) model are flexible, but not
generaliseable

® For our purpose: Grey-box model
— Use an interpretable, physical-based model for basic
structure, parametrize it using black-box methods (e.g.
characteristic map)

© RWTH Aachen University Seite 5
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Physically Motivated Model

m Screw volume and cavity volume are modelled as
pressure vessels

m Screw feed decreases available volume Vs, leading to
(P ] ;
s _ ~ higher pressure

) ® Heat flow out of the cavity volume decreases pressure,
Quelle: KV allowing for more material to follow

@.J_\\ 5 | |
screw pressure > o :
SN\ NN PN Mo Vo

cavity pressure Terv

E— R
time X

B Pressure difference results in mass flow between
pressure vessels

d&\\\'\‘\&‘

2

© RWTH Aachen University Seite 6
Process Identification
®m Need to find characteristic values/maps to parametrize
the process model
I ® Main Challenge: Identification of flow channel behaviour

m Use robust intermediate controller to set up the process
and create identification data

© RWTH Aachen University Seite 7
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Process Identification: Flow Channel behaviour

200 | screw pressure pg [bar]
| cavity pressure p.,, [bar] .
1P egast ' ® Implemented simple PI controller
100
| B run the process with constant screw pressure
oL/
0.02
o m use the aquired data for creating a characteristic map
0.02 screw velocity u,, [mm/s]

10 20 30 40 50
—_—
tme [s] M@ Advantages:

lﬁ — process run with constant screw pressure is feasible and can
S measursment point be incoporated into real-life workflow

— process is still based on the machine-internal sensors
— data aquired hereby cannot be calculated beforehand

e
o

mass flow m [g/fs]
s
4

80
60
40

4
8 L~ 20 popey [bar]

© RWTH Aachen University Seite 8
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Model Predictive Control

Use an optimization based on the model to select
best control inputs

Optimization for prediction horizon, penalty
function incorporates:

— Deviation from reference trajectory

— Change in control inputs

Constraints incorporated for min/max speed
Observer is used to obtain model states

Optimization is repeated every time step (8ms for
the following results)

] L Stellhorizont

L kan, k4N, keN, 0T

Pradiktionshorizont

Vergangenhweit Zukunfy

© RWTH Aachen University Seite 9
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First Control Results

m Comparison of Pl used for and MPC

m Stable and reassonable performance
with very ow amount of tuning

Reference
PI

210

MPC

B Characteristic advantages:
— Significanly reduced overshoot for

2 step-like inputs
H 200 TM . )
g - — Better tracking of trajectory due to
-%j % ‘ prediction

80 ) |

8
170
4] 5 15 20 2%
time [sec]

© RWTH Aachen University Seite 10
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Summary and Outlook

Implemented Model Predictive Control using a physical-
based, easily interpretable model

Model is parametrized using data that is aquired on-line
(and is not available beforehand)

Achieved good first control results with very low amount of
tuning

Procedure needs to be validated with different moulds

Influence of characteristic model errors needs to be
investigated

© RWTH Aachen University
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Abstract

Based on the results of the first funding period of the CoE, the ICMEg proposal has been
submitted to the European commission towards establishing a global standard for infor-
mation exchange in Integrated Computational Materials Engineering- ICME. Communica-
tion standards and protocols shall be established at the scale of the process/resp. the com-
ponent, at the scale of the microstructure as also for the basic underlying thermodynamic
models and for models at the electronic, atomistic and mesoscopic scales. After shortly
identifying the benefits of Integrated Computational Materials Engineering ICME in gen-
eral, the presentation will briefly describe the ICMEg consortium, outline the vision and
mission of this project and detail its practical implementation.
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What is ICME?

I-C-M-E.....Iooks like a quaternary system ©....

Mn
2000 2000 \ L . .
mo‘l:Il'iuuiaI 1800+ [ r
16004 1600+ i r
__ 1ugg{Sterile__ - 1@—%\{’
(=) o
E‘ 12001 austenite E‘ 1200 ’
g £ 1000 '," Si
g Y,
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16004 600 C
4007 gferrte o
200 200
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Fe Fe mole fraction C c
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The unaries

“I” like integrative, integrated, integration, integr*: appears in different contexts ranging from social life,
mathematics, natural sciences, engineering and others. Key issue for social integration is e.g.
communication using a standard for information exchange - the common language. With respect to
integration in “time” the word history seems adequate, while integration of knowledge over time leads to
experience.

“C” like computational, computers, computation, comput* : in short: anything which can be performed
on a computer like simulations, handling of large datasets, description of iterative processes,
computer control and steering, storage of data and knowledge, mimicking of real processes in virtual
reality, computer games, e-learning etc.

“M” like materials: classification of materials may be on the basis of different types like e.g. plastics,
rubbers, metallic alloys, ceramics, concrete, biomaterials, composites. Other schemes hold for their
individual shape like bulk materials, thick films, thin films, coatings or for specific functionalities and
properties like e.g. conductors, isolators, structural materials and many, many others.

“E” like engineering: all activities related to design, construction, manufacture, production,
assembly, operation and repair/recycling of materials, components and systems e.qg. for
consumables, investment goods, public infrastructure or exploitation of raw materials and resources.

© RWTH Aachen University Im“'l \CHF N HI LISE Page 3
UNIVERSITY OF PRODUCTION
The binaries ME, IM, IE, IC, CE and CM
M €, grain boundaries, local and global crystallogr ientations i.e.
“texture”, phase-fractions, precipitates, dislocations and defects,
i egregation”, solution hardening,.....
composition, heating/cooling rates, heat treatments, pressure/atmospheric
conditions, specific deformatio ecrystallisation procedures, external
electric or magnetic fields, ultr gitation, seeding particles, epitaxy...
IM metal-matrix composites, reinforce ics like cermets, textile- or steel-
reinforced concrete, reinforced polym
IE
IC
CE Components, groperties of components, distortions,..., fatigue, failure
@ Calphad, MD-simuTlatiens-Rhase-Field, Cellular Automata
© RWTH Aachen University Page 4
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The quaternary system: ICME

There is an ambiguity w.r.t. the term “engineering”, which is applied to a
product/component in CE/ICE in and to a specific material in CM/CME.

Focus of ICME thus is on

engineering the properties of a component as a function of
the local properties of the material inside the component
and
along its entire production and service life cycle

© RWTH Aachen University mﬁﬁigg:é:p\j HF | ISF Page 5
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CE: Finite Element Methods — a success story
in the 1960's
very successful !!
present developments: ,multiphysics*
But : What's about materials data entering such simulations?
© RWTH Aachen University mﬁﬁigg:é:p\j HUUE‘;E Page 6
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CME: Computational Materials Engineering

e — ————— f—rr
Lt ey Doarh M, Froms Bemers, FWULY YO ®otars, Lirenbsh, Battar, Raabe Ao |
e i . ks Rarkal, Lamg g Ches e —
Integral Materials Continuum Scale :I"!'Sta! flla.lsetti:?d Finite Computational
Modeling Simulation of erne s . %
= Engineering Materials i o o o Materials Science

Tty Py Bread Thrsign Pencars Masuy

Fibiay praesias ans K i p—

Phase-Field Methods
in Materials Science
and Engineering

Integrative Computational
Materials Engineering

Computational

Concepes and Appbetions
Fs Uk Sodarion Peforms

Thermodynamics

2010 2007

2012
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Why ICME?

a) because it can be done right now (...and was not possible earlier)!

Currently all these approaches have reached a level allowing for valuable contributions
to modern engineering tasks within knowledge driven production models. The
capabilities of the respective software tools and the present availability of computational

power make efforts towards the integration of all these approaches possible, meaningful
and timely.

© RWTH Aachen University MIMCHEN HGUSE Page 8
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History of ICME

In view of the

”C“

in ICME:

ICME history
starts about the 1960s

i.e. about 50 years ago

© RWTH Aachen University

» | disliked computers. Thus | started
studying metallurgy, because | thought
this subject would be too complicated to
be ever put on a computer...... “

Bo Sundman, one of the creators of Thermo-Calc

The CALPHAD method
CAL_culation of PHAse Diagrams
— www.calphad.org
Experimental Empirical Fundamental | WwW.caphac.org
" h ¢
Inforrpation e fheories 1969 Formation of CALPHAD.

Models for the thermodynamic properties 1971 Sub-lattice model for 2 comp. (Hillert and
of each phase G(T, P, y)
Steffansson, KTH).

| Database for model parameters | 1977 Development of Thermo-Calc starts

Predictive calculation of:
thermodynamic properties
equilibrium states
phase diagrams

© RWTH Aache

Page 10
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Theories of phase transitions/ Phase-field models

van der Waals (1893)

Korteweg (1901) :

Landau-Gi e eﬁ\o&

Cah M"’P’ f\e\éﬁ‘ gsz“ce
ATt

Halpen Q:c‘\\""::dpﬂ_ 0@1\0‘%
A\

Langer (. 408

Kobayashi

Steinbach (

Elder (2002) p

phase field
se field

el

2010
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Steel Al-alloys &=
¥ (e.g. stainless steel) (e.g. KS 1295)

castiron Mg-alloys
(e.g. GJS) (e.g. AZ91)

Superalloys Solders

(e.g. IN 718) (e.g. SAC) ﬂ\,ﬂf\,ﬂw
—
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eventually: derive properties from —simulated- microstructures

Microscale Mesoscale Macroscale
effective properties of effective properties of the RVE 2-D simulation of the U-
pearlite as bilamina of pearlite inclusionsinan and O-forming step
elastoplastic ferrite matrix

v

~

' -

HOMAT + Abaqus Digimat FE + Abagus

RWT"IAACHEN HOUSE page 13
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Why ICME?

a) because it can be done right now (...and was not possible earlier) !

Currently all these approaches have reached a level allowing for valuable contributions
to modern engineering tasks within knowledge driven production models. The
capabilities of the respective software tools and the present availability of computational
power make efforts towards the integration of all these approaches possible, meaningful
and timely.

b) because benefits are to be expected

“Integrated computational materials engineering (ICME) as an emerging discipline
aiming to integrate computational materials science tools into a holistic system will
accelerate materials development, transform the engineering design optimization
process, and unify design and manufacturing.” [NRC_2008]

© RWTH Aachen University Page 14
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Benefits of ICME...

reductions in materials development time
improved materials properties
shorter material certification times

reductions in product development time
substantial reduction in experimental efforts
weight savings for specific components
improved capabilities of the components

several of these claims hold for CME alone (without drawing on ,I¥)

© RWTH Aachen University Page 15

T _ CTION

Global Optimum—the Nash equilibrium

The optimum of a
process chain might

-and will (1) —
differ from a chain of

individually optimised
process steps

Ignore the blonde!
scene taken from ,A beautiful mind“

© RWTH Aachen University Page 16
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ICME Models are complex Meta-Models

OF

m Parameters influencing accuracy either
known or reasonable estimates

m essentially stable behaviour

Input

-

Output

non-linear interactions between models
propagation of uncertainities

Fanglamg iy

feed-back loops

. Yang-

bifurcations

© RWTH Aachen University
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production platform .vs. simulation plat

form

Individually Parameter modular
taylored variations for a customized
simulation pre-configured simulation
chain chain chains
© RWTH Aachen University RWNTHAACHEN HOUSE Page 18
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Vision: plug & play for ICME

Forming Annealing

thermodynamic databases/
discrete models (electronic /atomistic,/mesoscopic) |

Comprehensive, standardized, modular and extendable modeling platform
being efficiently adaptable to a specific material, process-chain and product

© RWTH Aachen Universit CHEN HijE Page 19
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benefits of standardization

Have you ever tried

to get
that one
into
that one?
© RWTH Aachen University mﬁHEN HOUSE Page 20
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Who ???7?

Who will/can create standards for ICME?

Industrial users ?

s« all of us !

ALaucIiig HHiDuwLuvIiIio r

nobody?

© RWTH Aachen University Page 21

ICMEg

ICMEg

the Integrated Computational Materials Engineering
expert group

a new coordination and support activity
of the European Commission

co-ordinator: Dr. Georg J. Schmitz,
Access e.V. at the RWTH Aachen

Salt Lake City, July 2013

RWTHAACHEN HOUSE page 22
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Proposal ICMEg at a glance

...combine the emerging field of
Integrative Computational Materials Engineering (ICME) with succesful standardization schemes:

Integrated
Cnm%ﬂmhnnai

aterials Bt by C. | Schmitz and U Prshl  SRILEYVEH
Engineering —_—

A Transfemnational Integrative Computational
nﬁ:\;?:(r!mnpn 2011 Materials Engineering / ’ Wl

Iy JPEG

Joint Photographers Expert Group

Movie Pictures Expert Group

..towards most beneficial standardization in ICME and an
Integrative Computational Materials Engineering expert group:

ICMEg

o RWTHAACHEN HOUSE page 23
5 UN'VERS"YQ!: .EB?P.‘!Q‘J?."!

Mission of ICMEg

The Mission of ICMEQ is

to establish and to maintain a network of contacts to
* simulation software providers around the world
« governmental and international standardization authorities
» ICME type users of simulation software
« different associations in the area of materials and processing
» academic developers of simulation software

to define and communicate an ICME language in form of an open and
standardized communication protocol

to establish a legal body for a sustainable further development of the initial

standard
I‘u“ " IAA HOUS page 24
UN'VERS'TYQ.F.EBPPHGF?.N
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Coupling along the life cycle

time/ component history ~

casting forming heat-treat joining application

m-n N * simufact
~CImicress

L\ Thermo-Calc Software

.
»

scale

discrete models (electronic, atomistic, mesoscopic)

X RWTHAACHEN HOUSE page 25
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Coupling across the scales

time/ component history ~

casting forming heat-treat joining application
A ZaN
) 3 /[
©
8 pm —cm: -y

!

sub—pum

I0W
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m UNIVERSITYOF PRODucTion

101



cross sectional activities ~

Q). i
N\ RWTHAACHEN
eromansgemend._ UNIVERSITY
administrative scientific/
technological

project management numerical methods dissemination

o RWTHAACHEN HOUSE page 27
£ UNIVERSITYOF PRODUCTION

associated members/ international steering committee

National Institute of us Government  Dr. James A .Warren
Standards and Technology
(NIST)
Thermo-Calc Inc usS SME Dr. Paul Mason
Bundesamt fur Germany Government Prof. Pedro D. Portella
Materialforschung (BAM)
Tata Consultancy Services India Industry Dr. A.K. Singh
(TCS)
CTC Solutions Japan Industry Dr. S. Nomoto.
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Expected outputs from ICMEg:

A) 2 International Workshops with a minimum of 100
participants each

B) 2 books on:
o ,Directory of software providers for ICME"
e Software standards for successful ICME"

C) Specifications of standards for information exchange in
ICME settings

D) Foundation of an Association of Software providers for

ICME
MIAACHEN HOUSE page 29
];;rh% DNNVERSITVC)- Probucrion

Kick-off :
October 9t"- 11t 2013
Aachen, Germany

RWTI'IAACHEN HOUSE page 30
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ALL OF YOU ARE CORDIALLY INVITED TO CONTRIBUTE !l

This website is still under construction!!

H I7°

Integrative Computational Maléria!s Engineering expert group

AE[HHE UNNEREE¥ QS'WUfaCt £\ Tieemo-Calc Saftware

jiviclea) €L digimat (M 2i e
"\

a coordination action to be established under the 7" framework programme
for further information please contact: info@icmeg.eu

www.icmeg.eu

i RWTHAACHEN HOUSE
i RSy O P ODUCTIOH

page 31
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CSP-2: How to move forward in produc-
tion theory development?

Potente, T.
Hauptvogel, A.
Keller, M.
Rosenberg, M.
Prote, J.

Wolff, B.

Keywords:
production theory, production function, viable system model, value chain
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Abstract

Developing a production theory is no easy feat. Starting from the 50s, researchers started
to develop production theories (e.g., Gutenberg, Heinen, Kloock, Matthes, etc.) that ex-
plain the complex relationship between input factors and output. Since 2006, the Cluster
of Excellence “Integrative Production Technology for High-Wage Countries” of RWTH Aa-
chen University researches organizational methods and technology to be able to (1) offer
customized products at competitive prices and (2) quickly adapt to the market while assur-
ing constant product properties [1]. To leverage the existing results of the first research
period, a holistic production theory is needed that takes the complexity of today’s produc-
tion in high-wage countries into account. To address this challenge and develop a new
theoretical framework, we build upon existing concepts that are able to cope with today’s
complexity in production [2], [3], [4]. Furthermore, we focus on the integration and combi-
nation of existing theories to ensure usability and credibility across many research and prac-
tical fields.
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CSP-2: How to move forward in
production theory development?

Cluster-Conferences 2013
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Aachen, den 23./ 24. September 2013
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Our approach incorporates both theory and cluster practice top-
down and bottom-up:

® Top-down (theoretical lens)
— Deterministic model
— Cybernetic model

e , T
4 m Bottom-up (practical lens) T " ‘
— Scale vs. Scope

— Plan vs. Value —, " P e’

o minimize cost & lime?
(00, moadaras P
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Objective of the first workshops with ICDs: Consolidation of the
results and demonstrator’s positioning and development

/- Description and classification —\

T =

SRR T R T AL T

e T =
Scope Scope.
tan Wert Plan / Wert
'
-,
scale Scale

-

/ Result: One-pager for each demonstrator \
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existing and established approaches

Future CoE production theory should incorporate the advantages of

Typ D = Input/Output mo
(Kloock)

Typ C —Production theory
(Heinen)
TypB - Gutenbe

theol + Modularization (processes are
b}

+Limitationality combinations)

Leontief

theory + Resources as means

Typ E —Production theory
(Kupper)

deing/
+ Dated quantity

+ Production depends
on machine intensity

Typ F —Production theory
(Matthes)

+ dynamic production function;
+ Combination with productio

planing
Decision-based

ion theory

+ Incorporation of finance

=

Development of a production

of output potential
Typ A —Classical
and neoclassical
production theory

Theoretical foundation for CoE
production theory — Workshop
with CoE experts , 19 June 2013

theory according to
Wiendahl and Nyhuis

Other approaches

1766-1950

1950-1960 1970 2000 2010
© RWTH Aachen University WCHEN HOUSE ] Page 3
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Production function (Gutenberg)

m Description:

— Considers microeconomic perspective: input (dispositive factors, potential
factor§, consumption factors) and output (final product, intermediary product,
waste,

— Builds on simple notion that an increase in output requires an increase of
inputs

— Transformation process described in technical units and labor

® Advantages:
— Relationship of input and output widely accepted concept to describe
efficiency of production

— Indirect relationship of input and output allows simulation of technical
properties such as pressure, temperature or force

— Takes into account potential (machinery) and consumption factors (i.e.
wearing) thus allowing optimization calculations

® Disadvantages:

— Does not take into account status factors such as tools and inventories
mmm - High number of machines and consumption factors causes high complexity
(non-linear optimization problem)
— Production functions designed for a specific case of production (limited
generalizability)

Source: Fandel, 2005, Produktion |, Springer-Verlag, page 101-118; Gutenberg, E., 1983, Grundlagen der Betriebswirtschaftslehre, Bd. 1, Die Produktiol
© RWTH Aachen University ‘

Decision-based production theory (Dyckhoff)

m Description:

— Integrates a decision-based perspective to the field of production theory

— Assumes that current production theories are special cases of a general
production theory that is still to be developed

— Argues that the result/success of a production can be measured with a
single, one-dimensional, real-valued figure

o, m Advantages:
e — Considers economic, social and ecologic assessment criteria
. e — Supports the investigation of real and highly complex production systems via
TR AR R EENT a sys_tem—based view ) )
4 ik AN — Predicts outcomes and allows simulation
\ — One success function allows preferences across the system

!
!

_*mlder
m Disadvantages:

— Very general approach; generalizes the approaches of existing production
theories even further

Source: Dyckhoff, H. (1994) Betriebliche Produktion. 2. Aufl., Berlin et al.; Dyckhoff, H. (2003b) Neukonzeption der Produktionstheorie. In: Zeitschrift fir Betriebswirtschaft 73, S. 705-732.;
Dyckhoff, H./Spengler, T.S. (2007) Produktionswirtschaft. 2. Aufl., Berlin et al.; Dyckhoff, H. (2006) Produktionstheorie. 5. Aufl., Berlin et al.
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Viable System Model (Stafford Beer)

The Viable System Model Describes, diagnoses and models m  Extends organizational theory by
management functions and introducing a cybernetic, system
information flows at all theory approach

System 5

organizational levels

®m  System 1.
- Performs a value-adding process
(production)
m  System 2:

—  Coordinates the activities of system 1
(e.g., scheduling of shared resources)

mEMEGABCO

m  System 3:

—  Controls rules, rights, resources and Benefit for CoE
responsibilities of system 1 -

the big picture view of the processes in

system 1 m  Offers a modeling approach to
= Interface to system 4/5 integrate the various research
m  System 4: areas into an holistic framework
= Responsible for looking ouwards to the ®  Provides rules, mechanisms and
organization needs to adapt to remain structures to understand and
viable shape complex, non-deterministic
m  System 5: behavior pattern of production
Implamentation —  Steers the organization as a whole systems

—  Balance demands from different parts of
the organization

Source: Beer, Stafford (1985) S. 128: Diagnosing the System for Organisations. 1990, John Wiley & Sons / Malik, F. (2002) S.84 ff; Management komplexer Systeme, Haupt

© RWTH Aachen University mIMGHEN H{JU,SE Page 6
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Workshop with CoE experts kicked off several work streams to
approximate CoE production theory development

Workshop with CoE experts: 19 June, 2013

@ = |dentification and assignment of 35 theories (or part of theories) to the core topics ,product®,
; Jresource”, planning process®, and ,production process*
()
~ = |dentification of seven approaches to integrate and combine theories (or part of theories) such as
& scale hopping, model and data integration, tolerance management etc.
e e e e e e e e e e e e e e e e e e e e e e e e s mm e —mm
P Workshop-stream 1 (ICD-level, practical lens) '
1 — Discuss the origin of the demonstrator based on corporate functions 1
: — Elaborate theories and models that are applied in the demonstrator i
1 ]
1 1
a | = Workshop-stream 2 (CoE experts, theoretical lens) H
{,9, H — Deep-dive into applied theories H
= B — Discuss combination and connection of theories !
Bl e ———————————— o e !
= Integrating framework
— Build framework and assign applied theories
— Ensure integration of theoretical foundations (Gutenberg & Dyckhoff) and approaches
(deterministic & cybernetic modeling)
© RWTH Aachen University mi‘HEN HDU‘:;E Page 7
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Workshop stream 1: Corporate functions and theoretical foundations

(— Corporate functions

m  Porter’s value chain model identifies the
most important corporate functions such as
logistics, production, finance, etc.

®  First results reveal that the demonstrator
addresses challenges of different corporate
functions

\-

/— Theoretical foundations —\

m  Theoretical foundations of demonstrators
extremely diverse from purely technical
models to economic theories

N

®  First results reveal at least a limited number
of theoretical clusters such as process,
machine and measurement models

Brosokot Modelle und Theorien

¢ ——— . 1 e e

[ |

1

© RWTH Aachen University
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Workshop stream 2: Theory development and combination of theories

(— Theory development

m Classical theories describe closed systems
with clearly defined boundaries

®  Modern theories describe systems with high
uncertainty, system dynamics or turbulences

®  Production theories are either too narrow
(not generalizable) or rely on black boxes to
describe complex transformation processes

We will use a twofold approach, comparable
to classical mechanics and quantum
mechanics in the natural sciences:

B Interdependencies between sub-systems
should be described with simple
relationships (i.e. Guttenberg functions)

m Influence factors and disturbances should
\ be described with cybernetic means

/— Combination of theories —\

m In the cluster of excellence, researchers of
different disciplines rely on different
grounding theories for their work

N

® Units of measure and scales are very
different and we ware faced with the
challenge of how to combine the different
theories into one common approach

We need to integrate different theories
horizontally and vertically by overcoming
boundaries:

m |dentify representative components that can
be transferred to another theory or scale

®  Homogenization of structures to identify
common elements of complex structures
that can be simplified

© RWTH Aachen University
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Production Theory Team

Projectcoordinator:

Prof. Ginther Schuh

Institutes and People:

m Werkzeugmaschinenlabor (WZL)

I
Dipl.-Ing. Annika Hauptvogel
(Projektleiterin)

Dipl.-Ing. Bartholomé&us Wolff

Dipl.-Wirt.-Ing. M.Sc. Jan-Philipp Prote

Deputy coordinator:

Dipl.-Ing. Till Potente

Dipl.-Ing. Dipl.-Wirt.Ing. Arne Bohl

=WIN

Dipl.-Wi.-Ing. Michael Keller

M. Sc. Marius Rosenberg
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Analysis of friction stir welded blanks
made from DC04 mild steel and
aluminum AA6016
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Abstract

Due to increasing demands for lightweight structures in automotive applications the use of
sheet metal components made from aluminum and steel is a promising approach for
weight reduction [HEN11]. However, in conventional fusion welding processes the for-
mation of intermetallic phases due to the metallurgical affinity of aluminum and iron is a
serious problem [SPR11]. Friction stir welding (FSW) is a solid-state welding technology
[THO95], whereby the formation of intermetallic phases is reduced to a minimum [JIAO4].
Within the work butt joints were produced using sheet metals of the aluminum alloy
AA6016-T4 and DCO4 mild steel with a thickness of 1 mm. The produced dissimilar joints
showed approximately 85 % of the tensile strength of the base material AA6016. In metal-
lographic investigation it was found that during welding the microstructure of the alumi-
num base material changes due to plastic deformation and increasing temperature
[MISO5]. In order to find a proper explanation of the reduction in tensile strength, short
time heat treatment experiments in the temperature range between 250 °C and 450 °C
were carried out using aluminum base material both, with and without preliminary pre-
strain. With additional hardness measurements the change of mechanical properties in the
contact zone of both base materials and in the heat affected zone was examined.
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Outline

Motivation and topics

. State of the art

. Characterization of friction stir welded blanks

Hardness measurement

. Short-time heat treatment of aluminum alloy

. Conclusion and outlook
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Outline

1. Motivation and topics

2.
3.
4,
5.
6.
© RWTH Aachen University m@@:%igi’\' “EJUSE Page 2
UNIVERSITY OF PRODUCTION
Motivation and topics
Motivation B0 180
B increasing demands for lightweight structures in
automotive applications 150 140
- increasing aluminum components in cars
m hybrid blanks for a new lightweight design with 100

respect to optimized loading

What is necessary?

aluminum per automobile in kg

1)

)]
o o

® joining technology for aluminum and steel 1990 2012 2020

m basic knowledge about local characteristics of hybrid
blanks

B basic knowledge about forming limits and forming
characteristics of hybrid blanks

1) Seidensticker M., Reil? C.: “Megatrend automobiler Leichtbau — Abspecken dank Aluminium®, In: Presse-Information, ALUMINIUM Messe 2012, 9. Weltmesse und
Kongress, Diisseldorf, 2012.
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Outline

2. State of the art

© RWTH Aachen University Im“'l \( o 4 N 4N JE Page 4
UNIVERSITY OF PRODUCTION
State of the art
m differences in physical properties of aluminum and steel
- necessity of welding technology with low process temperature
® Friction Stir Welding (FSW)
tool 1
rotation 7
downward upward
motion of tool ) motion of tool
shoulder vyeldlpg
direction
probe
1)
characteristic
exit hole
1) Eireiner D.: ,Prozessmodelle zur statischen Auslegung von Anlagen fiir das Friction Stir Welding*, Dissertation,
Technische Universitat Minchen, IWB Forschungsberichte Band 201, 2006.
© RWTH Aachen University Page 5
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State of the art

Microstructure development

®m Base material: no structural changes

m Heat Affected Zone (HAZ):
influence of temperature - changes of
microstructure and alloy-based changes of
precipitations

B Thermo-Mechanically Affected Zone (TMAZ):
influence of temperature and
deformation

® Dynamically Recrystallized
Zone (DR2):
high material flow speed and
process temperature
- completely new microstructure

Base material

<4— Shoulder

Thermo-Mechanically
Affected Zone

Heat Affected
Zone

Seam 1)

Dynamically
Recrystallized Zone

1) Khaled T.: ,An Outsider Looks at Friction Stir Welding“, Report at the Federal Aviation Administration, No: ANM-112N-05-06, USA, 2005.

© RWTH Aachen University
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Parameters of FSW process

® machine tool:
— force-controlled vs. position-controlled
— stiffness
— deflection of welding table

E tool:

ﬂaxial force

— geometry (shoulder, pin)

— material (tungsten carbide)

® welding parameters:
— rotational speed + feed rate
— axial force or plunge depth
— lateral displacement
— tool angle
— positioning of blanks with respect to welding direction

rotational\ feed rate
speed
plungedepth\ | ___-- --{ " tool angle
[ et |
\
[ DCo4 AW6016
I e-s!

lateral displacement

© RWTH Aachen University
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Outline

3. Characterization of friction stir welded blanks

© RWTH Aachen University MIMCHEN HOUSE Page 8
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Characterization of friction stir welded blanks ()

Characteristics

®m low temperature - no intermetallic phases

® joining of materials that cannot be welded conventionally (steel + aluminum)
B characteristic surface structure

m different regions of microstructure

tool side of the welding bead

e 8

iy

DCO04

e

© RWTH Aachen University MIMCHEN HOUSE Page 9
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Characterization of friction stir welded blanks (1)

AAG6016

1Tmm/ —

Tensile tests and microstructure analysis

B FSW blanks show ~ 85 % tensile strength compared to aluminum base material
m crack appears in transition between TMAZ and HAZ

B FSW blanks show different zones of microstructure

m small steel particle in aluminum // no failures

© RWTH Aachen University m{:ﬁgﬁ\i jut‘% Page 10
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Outline

4, Hardness measurement
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Hardness measurement

® Measurement of micro hardness (Vickers)

............

HV
30
70
110
150
190
230

l ! i 270
600

hardness in HV

position

m Right: increase in hardness of steel (from 150 to 250 HV)
hardness of aluminum about 70 HV

m Left: increasing hardness of aluminum from TMAZ to HAZ

e P RERs G oo "
Outline

1.

2,

3.

4.

5. Short-time heat treatment of aluminum alloy

© RWTH Aachen University MIMCHEN H[]USE Page 13
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Measurement of FSW-process temperature

B same parameter-set
m integration of thermo-couple into the welding table

B measurement at the center of welding process
-> highest process temperature

tool

[ DCo4 Y17/ AAGO16 |

» |

N |

thermo-couple

® Results:
BT ~ 425°C
HT>250°C ~ 10sec

measurement point

© RWTH Aachen University Page 14
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Short-time heat treatment of aluminum alloy

Short-time heat treatment:

. . . . . .
m at T > 250°C: reduction of tensile strength due to dissolution of (Mg,Si)-precipitations
m nearly same results for different duration of heat treatment

m influence of deformation (pre-strain) still unclear

tensile strength at RT

300 : . : : .
350°C
-l-osor---- - oo e oo ----

without pre-strain

with pre-strain

stess in N/mm2

0 0 20 30
elongation in %

1) Kerausch M. et al.: ,Finite Element Analysis for Deep Drawing of Tailored Heat Treated Blanks*“, Advanced Materials Research, Vol. 6-8, 343-352, 2005.

© RWTH Aachen University Page 15
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Outline

4,
5.

6. Conclusion and outlook

© RWTH Aachen University Page 16
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Conclusion and outlook

Summary
m FSW of DC04 and AA6016 successful
m characteristic microstructure development due to process temperature and deformation

m characteristic hardness profile of welding zone due to process temperature and
deformation

m dissolution of (Mg,Si)-precipitations due to heat treatment leads to a change of
mechanical properties

Further investigations
m further investigations of the effects of heat and deformation

m start conductive-assisted FSW
— find parameter-set
— different tools (material, geometry)

© RWTH Aachen University Page 17
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Thank you for your attention!
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Abstract

In two qualitative interview studies benefits and barriers of interdisciplinary work in a re-
search cluster has been investigated, as well as using a visualization of the publication be-
havior.

First findings indicate that the primary motivator for interdisciplinary collaboration is intrin-
sic motivation and curiosity for the other disciplines. Interdisciplinary work uniquely allows
unite knowledge and comprehend complexity beyond the scope of disciplinary research.
Problems were seen in the missing language that allows interdisciplinary communication.
Missing depth of research as well as defined interfaces between subjects poses another
problem, as well as a tight schedule.

Furthermore in an interview study regarding the usefulness and interpretability of publica-
tion visualization motives and barriers to use such a visualization were investigated. In par-
ticular the most often mentioned motive for using such visualization was the motivation
that could be drawn from it. Furthermore it would allow to plan publications ahead of time
and give retrospective insights into one's and other's publication behavior. As barriers the
amount of missing information in this particular information was mentioned. This included
the quality of publications and the range of possible interpretation of such graphs. Some
participants were sure, that such visualization would not change the behavior of estab-
lished scientists. Measures to improve both visualization and accompanying services were
derived from these findings.
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Overview , Interdisciplinary Innovation Management*

% w m Part of the CSP 1 Team: Scientific cooperation

Engineering

— Main target: Sustainable Management of Human

i *y ‘/} Resources and Integrative Research
'=r-%' ! i

B Research questions:

— How can one measure scientific success in
> interdisciplinary teams?
= — Which means can support interdisciplinary

cooperation?

— How does the cybernetic approach apply for
management of interdisciplinary success?

oy RWTHAACHEN
::': o e UNIVERSITY

How we started our work

THIS 1S AN INTERDISCIPLINARY PROGRAM
IN WHICH PHYSICS STUDENTS TRY TOHIT
PSYCHOLOGY STUDENTS WITH PENDULLMS,

. NG‘ B What is interdisciplinarity?
Oﬂrﬁl
B What is interdisciplinary success?
MﬂhAM'
K B What are benefits and barriers of

Key issues

interdisciplinary work?

B How can one support interdisciplinary
work in research cluster

MY PROFESSORS HAD AN ONGOING COMPETITION
TO GET THE WEIRDEST THING TAKEN SERIOUSLY
UNDER THE. LAREL “INTERDISCIPLINARY PROGRAM

oy RWTHAACHEN
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What is interdisciplinarity?

® No unique definition

®m Broad definition: ,communication and collaboration across academic disciplines*
(Jacobs/Frickel 2009)

® Narrow definition: ,Interdisciplinary studies is a process of answering a question,
solving a problem, or addressing a topic that is too broad or complex to be dealt with
adequately by a single discipline and draws on disciplinary perspectives and integrates
their insights to produce a more comprehensive understanding or cognitive
advancement” (Repko 2008)

® Four forms of interdisciplinary work (Julie Thompson-Klein 1990):
- Borrowing (of analytic tools from other disciplines)
—Solving Problems (with no intention of achieving a conceptual unification of knowledge)

—Increase consistency of subjects or methods (partial overlapping of disciplines in the same field)
—Emergence of an interdiscipline

(11 f
o 89 & .

@ O®®® Human-Computer
@ @ Interaction Center

What is interdisciplinary success?

m OECD 1998: “highly competent proficiency in a single discipline is the only acceptable
basis for interdisciplinary success”

B Lamont (2009): Interdisciplinarity = separate criterion for excellence: Combining
traditional standards of disciplinary excellence with interdisciplinary presents a greater
challenge, ..., because ‘expert generalist criteria ... have to be met at the same time’
(Lamont 2009 p. 210)

Problem for interdisciplinary work:

m Sticking to the disciplines punishes the boundary-crossing activities because they are
often not perceived as cutting edge research in the home discipline

m “Reception problem” (Salter and Hearn 1996)

m Daily work is burdened by the different perception of quality/success

Framework conditions for the Aachen House of Production:
m Criteria: publications, third-party funding, patents, completed dissertations

(11
o 89 & .

@ O®®® Human-Computer
@ @ Interaction Center

135




Interdisciplinary success — What is relevant for us?

m Criteria must be fulfilled

® Interdisciplinary Innovation Management: Focus on publications (first), because they
are publically available

® To be considered:
— Concept of successful can differ between the disciplines and cause difficulties in the
daily work
— Different concepts of success might cause different goals
— It is to be expected that results are not easy to be placed in public (“Reception
Problem”)
— Conflict between interdisciplinary idea and individual goals

[ 11

e e e oo

@ O®®® Human-Computer
@ @ Interaction Center

Investigating interdisciplinary work in research cluster

® Our approach: Combination of:

— User-centered design of a publication visualization tool for steering, self-
measurement and scientific analysis of interdisciplinary teams

— accompanying research in form of surveys, interviews, user tests

B Recent research:

Study 1: User-centered design of publication visualization tool: “ Evaluation of the
publication network visualization approach for interdisciplinary teams*

Study 2: Accompanying research: “Perceived Benefits and Barriers of interdisciplinary
work"

(11 i
®88 0 oo

@ O®®® Human-Computer |
@ @ Interaction Center L
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Study 1: Evaluation of publication network visulaization approach

® Background:

— Publication Visualization approach
developed to support interdisciplinary work
in the Aachen House of Production

— Tool is developed to support: self
measurement of researcher, scientific
analysis of interdisciplinary teams, steering
interdisciplinary teams

Focus: Analysis of future users of
publication network visualization
approach:

Method: Interview with prototype
presentation; N=6

Research questions: What are the pros
and cons of the presented approach?

2333w | RANTHAACHEN
@@ ®® Human-Computer UNIUERS]W

@ @ Interaction Center

Pros and cons of visualization tool

information about the group

retrospecitve analysis

new information
interdisciplinary

fast overview
tool for steering

comparing

complementary

0 1 2 3 4 H 6 7

number of mentions (N=30)

CONTRA

‘missing information
no statement about quality

negative imact on workflow
publication not the only success factor
confusing presentation

fake authorships.

0 1 2 3 a s 6 7

nuber of mentions (N=15)

J[...] when | relate myself with the others,
that mirrors the level of cooperation quite
good..”

“Retrospectively you can say, he has
done his job”

“[...] here you can see whether the people
have worked interdisciplinary or not”

“There is no information about first author
or impact factor available”

“l did a lot of conferences, but this is not
available in this visualization”

“Of course you can see a lot of things but
the focus is on quantity not quality”

2333w | RANTHAACHEN
@@ ®® Human-Computer UNIUERS]W

@ @ Interaction Center
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Pros and cons of visualization tool

B Summary:
— Positive basic attitude

— Potential is especially seen in general information about the group, retrospective
analysis and planning

— The main cons are missing information, especially about the quality about the
publications

® Wishes & suggestions for improvement
— Ease of use
— Continuous analysis via time factor
— Integration of more information (outlet, impact factor)
— Filter-function
— Integration of more sociometric data (project, offices etc.)

RWTHAACHEN
::': oo UNIVERSITY

Study 2: Evaluation of benefits and barriers of interdisciplinary work

® Background: In literature there are
named several benefits and barriers
within the context of interdisciplinary
teams. It is necessary to find out whether
they are also true for large scale research
clusters

B Focus: ldentification of benefits and
barriers revealed within the Aachen
House of Production

® Method: Interview; N=6

B Research questions:
— What are the pros and cons of
interdisciplinary work?
— Is the innovative potential of

interdisciplinary teams higher than of
others?

ee e e o,
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Benefits and Barriers of interdisciplinary work

intrinsic motivation

broadening horizont

combination of knowledge

collecting complexity

knowledgepool

new options

learning more about the own discipline

innovative potential

Benefits

0 1 2 3 4 H

number of mentions (N=28)

Barriers

spartial distance language

missing depth of exchange

time

missing interface

no image of other disciplines

objective target

publishing

0 1

2 3 4 5

nuber of mentions (N=32)

6

7

Knowledge pool:“[...] itis good to know
that there are others you can ask”

Broadening horizon: “[...] it's like a
transition from low mountain to high
mountains. | recognize that there is more
than | previously knew”

Innovative potential: “The benefit of
leaving the own discipline [...] is basically
the innovative potential”

Image of other disciplines: “Mechanical
engineers are thinking that it is enough to
look it up in a lexicon [...]"

Size: “There are really a lot of people, it is
impossible to know everyone [...]”

oot ¥ s RWTHAACHEN
::': o e UNIVERSITY

Benefits and Barriers of interdisciplinary work

B Summary:

Benefits:

B Main benefits are personal development (broadening own horizon) and curiosity

hunger for knowledge (intrinsic motivation)

m Interdisciplinary character of work offers the chance to capture the complexity of
production technology

® The work within the X-Cluster was perceived to be innovative

Barriers:

® Main barrier is the heterogeneous language and Definition of terms

m A lot of discussions/things remain superficial, because there is not the space/time to slip
into other disciplines topics

m Changing workforce enhances the knowledge exchange and cooperation

oot ¥ s RWTHAACHEN
::': o e UNIVERSITY




Lessons learned and outlook on future work

®m Publication visualization = promising approach
B |tis necessary to follow a user-centered design approach to design a useful tool
m Knowledge exchange is wanted and welcome

® The mutual understanding and lack of time charges the interdisciplinary workflow

Overall result:

m |tis important to learn more about the differences between the disciplines (language,
methods, success criteria) to find an adequate way to deal with them

Future work:

®m Study “scientific success criteria within the cluster”

m Workshop “publishing interdisciplinary”

m Further development of publication visualization on the “Scientific Cooperation Portal”
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Investigating and supporting interdisciplinarity in research clusters

® What is interdisciplinarity?

= External factors
® What is interdisciplinary succes?

® What are benefits of interdisciplinary
work?

m Howare barriers of interdisciplinary work?

B How can we support interdisciplinary
work?

oy RWTHAACHEN
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Investigating and supporting interdisciplinarity in research clusters

What is interdisciplinarity?

® What is interdisciplinary succes?
= External factors

® What are benefits of interdisciplinary
work in the cluster?

® What are barriers of interdisciplinary => Internal factors
work cluster?

B How can we support interdisciplinary
work within the cluster?
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Interdisciplinarity vs. Mulit- and Transdisciplinarity

® Multidisciplinarity: Disciplinary
juxtaposition within a topic without
structural cooperation or synthesis
across disciplines

B Transdisciplinarity: Disciplinary
boarders as well as boarders
between science and the outside
world are crossed by integrating
additional stakeholder

iz, | RWTEHCIC

® @ Human-Computer
@ @ Interaction Center Interaction Center
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Abstract

In early phases of product development processes, the concept of function structures is
well-established. It is used to clarify product functions and in addition forms the basis for
the generation of solution principles by systematically combining them with morphological
boxes.

However, their application is not only beneficial and three main disadvantages can be
elaborated. First, function structures characteristically depend on the background of their
operator. Second, they are non-reversible. It is facile to hypothesize function structures
with existing products in mind and moreover to turn already given structures into products.
Nevertheless, with unidentified context and main functions there is no unambiguous
method to set up function structures in hindsight. Third, function structures are difficult to
apply with mixed levels of product embodiment.

An improved approach is presented to overcome those limitations. It is based on function
templates that are related to existing function carriers. This is realized by setting up func-
tion blocks consisting of the conventional function description and in addition to that of
function carriers and corresponding sub-functions. Algorithmically, the level of detail of the
templates is adapted to match that of the traditionally conceived functions. Mixed levels
get controllable through the adaptive nature of the templates. By providing information on
the context due to function carrier inclusion, solutions get traceable and pre-created tem-
plates help generating unambiguous structures.
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Motivation

We want to make the concept of function structures applicable
for concept generation of machine tools.
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Agenda

Functions in Systematic Engineering Design

Koller's Methodology
Challenges for its application
Adaptive Function Templates

Conclusion and Outlook

VENERITY LY S OLILTION

-------------

© RWTH Aachen University MIMCHEN H[]USE Page 2
UNIVERSITY OF PRODUCTION
Design Process
( Problem J Results of work . ]
| m essential part of design
___,I s | Staification and ‘ o
% lp—.{ Requ::emants ,! pI’OCGSS
E ; ®m applied in early phases
é .__I = | Search for sokution principles } = %
E an eir structures .
3 g B used to generate basic or
i . principle solutions
E ___I 5| an design of ‘ 'E
g the most important modules ‘ z
g Form design of ‘ é
£ —{e] tha entie procuct [ = ® needed to make the
g I O_'ueralll :m_hud- /
= iment design
| [=z]  ometien ] problem manageable
Soursé l—. docErrr?::tcalmn /—-
VDI 2223 ( Further realization ) L
© RWTH Aachen University MIMCHEN HOUSE Page 3

148




Functions in Engineering Design

m defined transformation

between input and output

m usually represented by verb+noun

.orew coffee"

VDI 2803
FBS

\\FAST
Morphological \
\
Functions
Value Analysis / /

Analysis

TRIZ

/

Aesthetic Functions

' BREW
- coF"EEs

INPUT OUTPUT

Axiomatic Design

// Pahl/Beitz
- Birkhofer

VDI 2223

T Roth Koller
Industrial
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Symbolic Functions Design
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General Procedure for Function Structures
conventional approach
Establish
overall function
Functional
o description

51

ﬁ ' Search for existing

uE)’ ! carriers

- List of physical

g | components

:‘; : Decompose

-% i selected function

o) i Structure of o
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Heller 2013
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Koller Methodology

® decomposition m use of elementary m catalogues of

= down to lowest level functions physical effects

Sources:
Koller 1998, Pahl/Beitz 2007
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Examples — Graphical Representation

function block \

el. enaran,

flows /

(input + output)
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function
structure
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Ve olur
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Examples — Principle Solutions

function block \

catalogue
4

2l . eners T . €aneram of effects

principle kv 4

solution
\
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Three Challenges

background of the operator

COFFEE 99 f mixed levels
8 —_ E of embodiment
TER
== P
"" nhle
non-reversibility & L m
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Templates for Function Structures

conventional approach template base approach

Establish
overall function

Functional
description

“Process
workpieces”

Problem

Search for existing
carriers

List of physical
components

Decompose

iterative pro- or regression

template model

List of templates

/

Search for existing
carriers

—]

Decompose remaining

selected function functions
Structure of . Structure of
subfunctions H elem. functions
e 2 ' )
Source: Solution - > Solution
Heller 2013
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Function Structures for Manufacturing
m starting points for function structures
® modelling along technology chain
technology
i %ﬁtﬁ
Turning
flow of
workpiece
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Technology Chain with Function Structure

equal regions \

&®)
flow of
workpiece
Source: Heller 2013
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Adaptive Function Templates

recompose templates

decompose templates

Page 14
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Adaptive Function Templates

recompose templates

modelling with templates

Page 15
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Adaptive Function Templates

e

i P

£ : : :
modelling with templates decompose templates recompose templates
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Conclusion and Outlook

What | talked about
B Functions in SED + one possible approach (Koller)
m Challenges for its application (3 aspects)

® Need for systematic approach for machine tools
conceptualisation

m Adaptive Function Templates

What is still left to do

m Validation of AFTs in industrial application
B |Implementation in software tool

® Automated de- and recomposition

®m Future: expand the concept to other areas
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Abstract

Adequate concepts of performance measurement depict a continuous challenge for pro-
moters and science managers of interdisciplinary clusters of excellence. This can be ex-
plained by an augmenting degree of complexity with regard to scientific structures and
scientific behavior in interdisciplinary forms of collaborative research, demanding tailor-
made solutions to reflect and improve interdisciplinary scientific performance. Performance
measurement aims at initiating learning processes through the reflection of performance
on different organizational levels, such as the individual scientist, scientific teams or the
entire cluster. In this context, the definition and collection of scientific key performance
indicators (KPIs) is important as a base for steering decisions in interdisciplinary scientific
collaborations. This includes indicators to measure e. g. the quality of scientific exchange,
output and sharing of information in contrast to e. g. classical monetary indicators of prof-
it-organizations.

During the presentation, the focus is set on the implemented cluster-specific Balanced
Scorecard of the Cluster of Excellence Integrative Production Technology for High-Wage
Countries. Here insights about central research results and future challenges of interdisci-
plinary scientific performance measurement are presented.
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Cross Sectional Processes 1 —fields of action and research

Knowledge & Cooperation Engineering

% Which means and tools are suitable to retrieve and manage interdisciplinary

knowledge?

Interdisciplinary Innovation Management

in interdisciplinary research teams?

Diversity Management

Performance Measurement

How can a visualization instrument for cooperation contribute to ensuring success

!E i ~ How can people from different cultures become a successful scientific team?

‘ How can cluster performance be operationalized and measured in order to support
j the cybernetic management of highly complex scientific cooperation?

Source: freedigitalphotos.com 2013
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Different forms of scientific co-operation (a)

Scientists from a single discipline work together to
address a common research issue (cf. Pohl et al. 2010)

Methods and approaches from a discipline are used in
another discipline

E. g. econophysics = physical methods are used to
solve issues in economics (cf. Hillerbrand/Schneider
2012)

Different disciplines work independently on a common
issue

No integration of methods - independent application of
methods

Disciplinary results (cf. Pohl et al. 2010)

Source: freedigitalphotos.com —
dream designs 2010

Source: freedigitalphotos.com —
sheelamohan 2012

Source: freedigitalphotos.com —
renjith krishnan 2011
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Different forms of scientific co-operation (b)

Different disciplines co-operate on a common issue
Integration and combination of scientific methods,
paradigms, issues, etc.

Results of interdisciplinary co-operation surpass the
sum of disciplinary results (cf. Defila/Di Giulio 1998) N ————

Necessity for transdisciplinarity in science due to an
increasing complexity and uncertainty of scientific
issues

Integration and combination of different scientific
methods and practical knowledge/practitioners " =
(cf. Bergmann 2010; Mittelstra 2003) Treedigalphotos com -

Idea go 2009
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Internal challenges for an interdisciplinary cluster of excellence

Overcoming the pillarization of single disciplines

Interactive process of interdisciplinary co-operation, learning and knowledge
generation

Coping with heterogeneity of actors (e. g. structural, cognitive and cultural)

{7
|
2

|

Performance measurement supports steering and regulation
of interdisciplinary co-operation in clusters of excellence
T {]

Computer Materials Science Physics Production Sociology
Science Technology

Source: Microsoft ClipArt 2013
il e
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3!
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Performance measurement at a glance

Capability of an organization to reach objectives
Multidimensional form (e. g. finances, quality or processes)

Characterized by interdependencies, integrating strategic
and operational aspects (cf. Grining 2002)

Roots in business administration

Improves achievement of objectives and promotes
cross-hierarchical communication and cooperation
(cf. Horvath et al. 2001)

Represent quantitative data compressing a complex

Source: freedigitalphotos.com —

reality (cf. Lachnit 1979; Gladen 2002) SundayMorning 2013

Different methods can be used for collection,
e. g. reporting, evaluations, interviews (cf. Weber/Schéaffer 2006)

Page 7
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Central approaches of Performance measurement

Performance

measurement

Sources: cf. Hilgers 2008; Horvath/Seiter 2009; Kozielski 2010
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Performance measurement with a cluster-specific
Balanced Scorecard

B Development of a cluster-specific Balanced
= l{m~ Scorecard to measure performance on different
levels to initiate cluster-internal learning
S=E==7 processes

i_ Modeling of performance indicators and their
; relationships (e.g. number of publications, quality
= of research co-operation or contacts to industrial

== partners)

Data collection via web-based partly
. standardized questionnaire once a year among
< the staff of the CoE

1"I I’ “ Statistical analyses of collected data,
: | ”g 7! | identification of key performance indicators

Discussion of results and recommendations of
ffé action with the cluster management board and
» =S further CoE staff to increase interdisciplinary
an performance

Sources: Welter 2013 freedigitalphotos.com 2013

© RWTH Aachen University MHMCHEN HGUSE Page 10
UNIVERSITY OF PRODUCTION

TIIIIT IR Y ]
.

-------------

Exemplary results — key performance indicators (KPI) (a)

Determination after completion of three

surveys in the years 2009, 2010 and 2011

(9 = 111 participants) Key Performance
Indicators

Spearman’s rank correlation coefficient
calculated with all ordinal scaled variables

Comparison of the amount of correlation
pairs per indicator

Identification of indicators whose size
effects were > 0,3
(c. f. Bortz/Schuster 2010; Cohen 1988) P opentimag.com BT ERpoe

Applying a significance test (a=0,01)

© RWTH Aachen University MHMCHEN HGUSE Page 11
ersV O Eoucmo

-------------

166



Exemplary results — key performance indicators (KPI) (b)

Top 5 identified KPIs (ranked by the amount of correlation pairs per indicator)

Average correlation Amount of Indicator
coefficient (significant at  correlation
1% level, two-sided) per pairs per

indicator indicator
0,412 76 International scientific exchange
0,396 69 Scientific cooperation
0,571 58 Contentment with cluster-internal
hierarchies
0,428 56 Influence of staff turnover
0,397 54 Publicity

Source: Welter 2013
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Exemplary results — box-plot-diagram
(international scientific exchange)

Wie bewerten Sie den internationalen wissenschaftlichen Austausch innerhalb lhrer ICD(s)?

1=gehr gut. 2=gut; 3=mittel, 4=gchlecht; S=sehr schiecht
4

|

Source: Welter 2013

330 Gruppenzugehorigkeit

Wiarbeter
Errojeitieter
Dlots/abteiungsteiter
BicD-Koardinatoren
Derofessoren

Giiltige Falle:

2010:n =60
2011:n =69

Extremer Wert

Kennzahlen
w
1

O AusreiBer

Grokter nicht-
extremer Werl

Oberes Quartil
Median
Unteres Quartil

Kleinster nicht
extremer Wert

-

2010 i 2011
Jahre
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Strengths and weaknesses/criticism - potential for improvements

Strengths Weaknesses/criticism
Involvement of CoE staff in performance Only measurement of cluster-internal
measurement by means of surveys performance
- Possibilities of external
Two types of reference points for benchmarking?

performance indicators:

Comparison of different groups/hierarchies
(professors, cluster management board/ICD-
deputies, group leaders/chief engineers, research
assistants)

Too much emphasis on means of surveys
- Implementation of different methods
for measurement

Comparison of time-lines

(2009, 2010, 2011) Too many ‘soft’ performance indicators
- Adaption of existing set of indicators
Feedback and regulation in terms of a and integration of new indicators

cybernetic control loop

Initiation of a continuous improvement and
organizational learning process

© RWTH Aachen University Im'l“ WALT \ | IS Page 14
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Updated DFG performance criteria for clusters of excellence

Quality of research program (international comparison)

Originality and willingness to take risks

Influence on the research area

Value added through interdisciplinarity

Application orientation, knowledge transfer and cooperation with
(inter-)national partners

Quality of the involved researchers \
Concepts promoting young researchers with regard to scientific training and career -
Concepts for equal opportunities among male and female researchers N |

Source:
freedigitalphotos.com —
Influence on the structural development of the university Jscreationzs 2013
Value added of cooperations with further institutions
Organization, management and infrastructure

Implementation and sustainability of the cluster of excellence

Sources: DFG/WR 2010
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Next steps and research questions

Core tasks in CSP1 performance measurement (2012-2017)

Re-design of the cluster-specific Balanced Scorecard for cluster-internal performance
measurement (inter alia concerning key performance indicators and target system)

-> Which virtual means support a faster data collection and graphical performance analysis?

Benchmarking to measure cluster-external performance (inter alia functional and competition-
oriented benchmarking)

- In how far is it possible to benchmark the cluster with other interdisciplinary systems?

Methods and concepts to analyze the intellectual capital and to identify desiderates of the
cluster of excellence

- Which methods of intellectual capital reporting support a sustainable cluster development?

Sources: freedigitalphotos.com — digitalart 2011; Jeroen van Oostrom 2013; Salvatore Vuono 2013
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Abstract

Integrating technologies within a machine tool can help increasing productivity by shorten-
ing through-put times. Along with the integration of multiple technology modules such as
a laser and a milling spindle, there is often the integration of multiple end-effectors which
allow simultaneous use of the often expensive technology modules. Besides the possibility
of parallel manufacturing on different workpieces, for example with two separate work-
spaces, it is also desirable to use both end-effectors within one workspace on the same
workpiece. However, due to the high level of integration such cooperation scenarios re-
quire a high degree of automated path-planning mechanisms that have to be developed
specifically for the given machine tool.

This presentation highlights certain aspects that have to be taken into account for develop-
ing a control architecture that allows simultaneous machining of a milling spindle and a
robot. It proposes a simulation-based path-planning concept and demonstrates the abilities
of the developed simulation framework regarding the validation of a cooperation process.
While the machine spindle mills a five-axis workpiece the robot tries to debur another sec-
tion of the moving workpiece.
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Simulation-Based Path-Planning for
Robot-Machine-Cooperation

C-2 — Multi-Technology-Platforms

Cluster Conference, 23. Sept. 2013
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Current Work

Demonstration

Seite 3
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Technology Integration - Multi-Technology-Platforms

State of the art Multi-Technology-Platform (C-2)
Multi-functional o
Machining Machining Robot
Centre Centre
Chiron “Mill” Kuka KR-16
Laser
Processes
Handling
Laser System *
Turning Arges .
Quelle: DS
® Enlargement of the type of Workpieces
® Complete Machining B Reduction of Processing Time
® High Accuracy m Increase of Productivity for small Lot Sizes
®m High Flexibility B Reduction of Planning Cost
© WZL/Fraunhofer IPT = Seite 4
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Multi-Technology-Platform: Hybrid Machining Centre

Machining Center
Chiron, Series “Mill”

i ) B

Lasersystems ~ Robot
Arges / IPG Kuka KR-16

CAM-Planning

Laserprocesses

© WZL/Fraunhofer IPT Seite 5
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Possible Machining Configurations of the Hybrid Machining Centre

Goal: Simultaneous
manufacturing on
the same part

Today: machining of robot or machine

within one workspace

Avcw ||

AN .

Channel 1 Channel 1

Channel 2 Channeli
L m, D e A G,
© WZL/Fraunhofer IPT % Frau n ho fer m EN Seite 6
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Challenges

m How can multiple end-effectors using different kinematic setups cooperate effectively
within an MTP?
— How can multiple simultaneous paths be defined within a single NC-program?
— How and where is the computation of axis-transformations?
— How can collisions be ruled out?
— For what manufacturing processes or operations does it make sense?

Robot
Machine
spindle
Workpiece
Rotary-Tilt-
Table
© WZL/Fraunhofer IPT Seite 8
7 Fraunhofer FARTHAACHEN
IPT
Agenda
‘' Introduction
2
< Demonstration
© WZL/Fraunhofer IPT Seite 9
Z Fraunhofer WZL

i R\WTHAACHEN
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Robot-based deburring

Deburring of workpieces while they are still being milled
Pilot-process for simultaneous machining

Installation of a deburring spindle for the robot

Deburring process is planned within the CAM-System

Seite 11

© WZL/Fraunhofer IPT 9
~ Fraunhofer %MAGHEN

IPT

Simulation

B The damage potential for cooperating processes is high
— Very limited space for robot and spindle
— Highly dynamic movements
— Complex machine kinematics
— Different robot orientation in each workspace

Extensive simulation and collision detection is essential!

- B The necessary degree of detail for the simulation has to
-] be determined
— Physical simulation of machine and controller?

™ — Kinematic model with a simple NC-interpreter?
S — Can the simulation be performed within the NC-controller?

® Integration of the simulation into the CAM-system

© WZL/Fraunhofer IPT Seite 12
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Path-Planning Strategies for simultaneous machining

m Development of generic concepts for planning different
processes with two TCPs

— Example one: spindle path is planned independently, robot path
is planned around the spindle movement (master- and slave-
path)

— Example two: spindle path and robot path are planned
simultaneously and each path can be altered if the other path
benefits from that

®m Including simulation for decision-making during path
generation

m Development of a methodology for including any given
process or operation in common CAM-systems

Seite 13

© WZzL/Fraunhofer IPT ==
! ~ Fraunhofer %-IAACHEN
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Axis-Transformation

®m Current concept at the Hybrid-Machining-Centre:
— Robot and spindle are programmed in G-code
— Robot and spindle are programmed in workpiece-coordinates
— Each NC-program can be used in both workspaces equally

B These advantages need to be preserved!

B Resulting objectives for the development of the extended
concept:
— Implement a deterministic inverse-kinematic-transformation for
both robot and spindle
— Transformation must be calculated within the machine controller

— The same NC-program must work in both workspaces, so each
workspace needs a (slightly) different transformation

\

© WZL/Fraunhofer IPT 7 m Seite 14
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© WZL/Fraunhofer IPT % Fraunho fef m Seite 15
Demonstration

Demonstration
© WZL/Fraunhofer IPT % Fraunho fef m Seite 16
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Thank you for your attention!

© WZL/Fraunhofer IPT Seite 17
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Manufacturing of lattice structures in
solid shells by Selective Laser Melting

Hinke, C.

183






Abstract

Lattice structures belong to the group of complex structures that can be manufactured in
almost any arbitrary shape by Selective Laser Melting (SLM). Particularly for light-weight
applications the outstanding mechanical properties of lattice structures such as the high
ratio of stiffness / weight are from great interest. Current investigations are undertaken to
comprehensively understand the behavior of lattice structures under various loading to ex-
plore the design freedom given by SLM. This presentation presents first results about the
compressive behavior of f2ccz-type lattice structures in solid shells made of 316L-powder.
To determine the influence of side shells and top shells compressive tests are performed on
specimens with and without top shells according to DIN 50134. Transition layers are need-
ed to overcome process restrictions to manufacture shells on lattice structures without
build errors. A comparison of different types of transition layers situated between lattice
structures and top shells is given. Derived from this, design rules to manufacture solid shells
on lattice structures with varying cell widths are presented to improve stability and surface
quality of top shells.
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Compressive behavior of lattice structures in
solid shells manufactured by (SLM)

Dipl.-Wirtsch.-Ing. Simon Jens Merkt
CoE Conference

Z Fraunhofer

ot T

© Fraunhofer ILT RWTH
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Agenda

= Introduction and Motivation
= Transition layer design

= Simulation results

= Manufacturing of specimens

= Examination of specimens

= Compression test results

= Future work

Z Fraunhofer

T
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Selective Laser Melting (SLM) principle

Applying Laser scanning

powder N

Sliced 3D- Functional
CAD model metallic part

Lowering the platform from serial
material

Data preparation Manufacturing —— Post processing

Z Fraunhofer

T

© Fraunhofer ILT l“'m

Technology potential of SLM
Lattice structures

Piece cost

S
e
aa i ate sty o

Selective Laser Melting

ey

Conventional Manufacturing

Complexity

l = Lattice structures in functional parts:

Weight reduction = Improved functionalities (stiffness, damping, etc.)
for free

= Weight reduction (up to 50 %)

= Reduction of scanning time

Z Fraunhofer

T

© Fraunhofer ILT
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Various applications of cellular material

Z Fraunhofer

T

© Fraunhofer ILT

Working scope and challenges

= Objective: Integration of lattice structures in solid
shells

= Manufacturing restraints:

= Residual stress
= Stair step

=  Warping

=  Balling effect

] Dross formation

Z Fraunhofer

T

© Fraunhofer ILT
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State-of-the-art transition layer design

o <//— Solid shell

Transistion layer with
decreasing cell width

Lattice structure

Source: Olaf Rehme Cellular design for laser freeform fabrication

© Fraunhofer ILT

Z Fraunhofer
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Agenda

= Introduction and Motivation
= Transition layer design

= Simulation results

= Manufacturing of specimens
= Examination of specimens

= Compression test results

= Future work

© Fraunhofer ILT

Z Fraunhofer
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Development of different transition layer designs

= Evaluation criteria:

Added volume
Supporting area
Manufacturability
Transferability

Mechanical properties

© Fraunhofer ILT

Z Fraunhofer

T

Evaluation of different transition layer designs (1)

© Fraunhofer ILT

'. -J, == Z Fraunhofer
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Comparison of different transition layer designs (2)

Z Fraunhofer

T

© Fraunhofer ILT

Evaluation results of transition layer designs

Evaluation range: 0 — 7 points

Z Fraunhofer

T

© Fraunhofer ILT

192



Agenda

= Introduction and Motivation
= Transition layer design

= Simulation results

= Manufacturing of specimens
= Examination of specimens

= Compression test results

= Future work

Z Fraunhofer

T

© Fraunhofer ILT

LOOULIAL 234 A

Material Elastic Poisson's | Maximum Shell Strut Cell type
Modulus ratio yield thickness diameter
[MPa] strength [mm] [mm]
[MPa]
© Fraunhofer ILT THE Zi Fraunhofer
‘ RWTH:=

T
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Comparison of Elastic Modulus

90000

80000
70000 x
= \
o 60000
E \ \ —e—lattice structures with
S 50000 vertical cover
S \ \ —@-|attice structures
he)
o 40000
= —A—lattice structures with
L 30000 vertical and horizontal cover
7
O 20000
(NN
10000
0
1,5 2 3 4 5 6
Cell width [mm]
© Fraunhofer ILT Zi Fraunhofer
inr
Agenda
= Introduction and Motivation
= Transition layer design
= Simulation results
= Manufacturing of specimens
= Examination of specimens
= Compression test results
= Future work
© Fraunhofer ILT Zi Fraunhofer
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Specifications of SLM machine

Technical Data

Effoctive bullding vokume fincluding butlding platform)
Buiiding spoed (material-o )

Layer thickness (matari
Laser type
Precision oplics
Scan speed
Varkable focus di

FPower supph

Fome

Hitrogen
Compressed air supply
Dimensions (B x D x H)

250 mm x 250 mm x 215 mm (985 x 385 x 8.5 in)
2 20 mm'/s (00007 - 0:001 in'"/sec)

20 - 100 pim (0,001 - 0004 in)

0o W

igh-speed scanner

202in)

maximum 5.5 kW
standard
7000 hPs; 20myin (102 psi: 26.2 yo/h)

Systam
Recommended installation space

Z000mm x 1,050 mm x 1,940 mm (FR8x 414 x 764 in)
137.0x 141.8x 100in)

approx 35mx 36mx 25

1 approx 1,130kg (2491 1b)

Data preparation

I ‘curment Windows operating syster

Software EQS R Tools Magics RP (Materiait

CAD intorface SIL Qprional: comvorter for ail standard formats
Network Ethermot

Cartification CE NFPA

Source: http://www.rmsiberia.com/Producto/eosint_m270_en.pdf

Z Fraunhofer

T

© Fraunhofer ILT

900 mmPe

Part density [%]

500 700 900 1100 1300 1500
Scanning velocity [mm/s]

= Laser power = 195W
= Layer thickness = 30pm
= Contour-Hatch scan strategy

Z Fraunhofer

T

© Fraunhofer ILT m-l
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Manufactured specimens

Lattice structure with H & V shell  Lattice structure with V shell

Z Fraunhofer

T

Errors during manufacturing (1)

Z Fraunhofer

T
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Errors during manufacturing (2)

-
o Fraunhofer 17 RWTH= Z Fraunhofer

& i

Agenda

= Introduction and Motivation
= Transition layer design

= Simulation results

= Manufacturing of specimens
= Examination of specimens
= Compression test results

= Future work

-
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Geometric accuracy of manufactured specimens (1)

Deformation in z-direction
0,2
0,18 \
0,16 \
0,14 \
0,12 \
0,1 \
0,08 \
0,06 \
0,04 \
0,02 \

Relative hump in [mm]

Remark: Only one measured value per cell width

Z Fraunhofer

T

Geometric accuracy of manufactured specimens (2)

Z Fraunhofer

T
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Surface quality of top shell (2)

State-of-the-art transition layer design

Z Fraunhofer

T

© Fraunhofer ILT

Surface quality of top shell (1)

New transition layer design

Reduction of
0 s 80 %
Surface roughness: Ra=3.7 pm

Z Fraunhofer

T

© Fraunhofer ILT l“'m

i

199



Agenda

= Introduction and Motivation
= Transition layer design

= Simulation results

= Manufacturing of specimens
= Examination of specimens

= Compression test results

= Future work

Z Fraunhofer

T

© Fraunhofer ILT

Compressed specimens

Vertical and horizontal shell Vertical shell

Z Fraunhofer

T

© Fraunhofer ILT
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Stress-strain-curve (cell width=3mm)

Stress [MPa]

70,00

60,00

50,00

N
o
o
o

w
o
=)
s]

20,00

10,00

0,00

0,

00 1,00 2,00 3,00 4,00
Strain [%]

5,00

6,00

© Fraunhofer ILT
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Stress-strain-curve (cell width=2mm)

Stress [MPa]

300,00

250,00

200,00

150,00

100,00

50,00

0,00

/
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0,00 1,00 2,00 3,00 4,00

Strain [%]
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Agenda

= Introduction and Motivation
= Transition layer design

= Simulation results

= Manufacturing of specimens
= Examination of specimens

= Compression test results

= Future work

© Fraunhofer LT RWTH== Z Fraunhofer
= w

Future work “Zero-transition layer”

/
/
Medivm density, /
t tracks rarely broker
Full density, | /
convex melt racks | / —
\ \ c melt tracks frequently broken
o \ /
@ |\ B \ / D
i \ | / —
| ="
| / e
el .\ |  / 255
1A F — Some fused particles,
= % | / E fragile melt tracks
pa
D [Full density B —
q | concave - =3 e
e N\ —— F Mo flused pamicies

Sca

~an speed v.
Source: Olaf Rehme Cellular design for laser freeform fabrication

Premelted area

Thermal energy
dissipation

© Fraunhofer ILT RWTH== Z Fraunhofer
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Thank you for your kind attention.

Any questions?

Simon Merkt

Fraunhofer-Institut fir Lasertechnlk ILT
Steinbachstr. 15 :
52074 Aachen

Tel +49:241 8906-658

© Fraunhofer ILT m
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Human Factors and
Quality Management: "I" and "Q" in
complex supply chain systems

Stiller, S.
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Abstract

Supply chains are not only technical but socio-technical systems: Besides the availability and
quality of information all decisions in supply chains are influenced by the character and
personality profiles of the decision makers. Examinations of business processes are only
successful by considering these human factors. However, quality management models
which take human information process capabilities and character into account do not exist.
Hence, a new business game — the << Intelligence and Quality Game (IQ-Game)>> is de-
veloped by WZL and HCIC of RWTH Aachen which supports the understanding of complex
cross-company processes and effects. Its concept is based on Goldratt’s Game which simu-
lates fluctuations in multi-stage production lines. Because of the restricted playing possibili-
ties, the Goldratt Game is not adequate to achieve the research objectives. In 1Q-Game
player’s options are enlarged when he has to manage supply chains including decisions on
purchase order quantity, inspection planning and production quality. Moreover, the busi-
ness game takes credit to both — technical cause and effect relations considering the quali-
ty in supply chains and human factors of the deciders. Before the simulation game starts,
all participants have to fill out questionnaires from which their personality profile (such as
social skills and risk aversion) can be deducted. The overall target of the business game is
to identify a convenient information quality level for human decision making. By simulating
possible events in supply chains, the available information and KPIs for the deciders can
varied in between each game round, while the overall success is measured on financial
success in terms of profit. The study gives proof to the fact that both disciplines human an
life sciences and quality management are essential for the successful management of sup-
ply chains.
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Research areas and goals for the 2" funding period
ICD D1 - Cognition enhanced, Self-Optimising Production Networks

Cognition-enhanced, Self-Optimising Production Networks

m Further elaboration, verification and validation of the cybernetic reference model addressing
all levels from supply chain management to production cell control
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Quality and logistic policies in supply chains

What happens in supply networks from quality management perspective?

Supplier

Clrem)

Reclamation from

Reclamation from

the manufacturer ""1: :r ________ the customer | -‘:
1 1 1
i v i
Manufacturer Customer
Transport of Transport of
parts products

Clree)

L

Return from the
manufacturer

I

Clree)

Return from the

customer

-

© WZL/Fraunhofer IPT

Page 3

Goldratt‘'s Game - the challenge of variance in process chains

A quality simulation game — how Goldratt Game works?

_ Rules of the Game

1. Asupply chain consists of two stations are regarded.

2. At the beginning of the game each station starts with an inventory of 4 products.
3. In each round the number on the rolled die represents the required amount of products.

4. The forwarded amount of products to the next station is the minimum of the number on the
die and the current product amount in the inventory. (Reason for the supply fluctuation)

Supplier for
station 1 with an
endless inventory

A1

Station 1

FCL D)

A1

Station 2

FCCD)

]

i

Result:

= |f you play 40 rounds you won't
reach about 110 products in
station 2 (3,5 -40 = 110)

”L_“" = Because of the supply fluctuation
you will reach less than 110
’/\ products
u=35 u=3,
© WZL/Fraunhofer IPT %E"N HOUSE Page 4
OF PRODUCTION
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The Goldratt Game needs to be extended in order to fit to the
research objectives

Could Goldratt's Game serve as a reference for the analysis of human
behavior in supply chains?

Aspects: _ .
P 1. The player isn’t able to make decisions about the required amount of products.

2. Quality is not linked to overall entrepreneurial supply chain perform

3. The quality of the required products is not considered.
4. The player can’t make decisions about the quality ley,

5. Human characteristics such as confidence between th ticipants inwa
supply chain is not covered.

© WZL/Fraunhofer IPT w HNI ﬁ Page 5

A business game should help to analyze the influence of human personality
on supply chain success.

Approach of the business game development:

1 | Generation of ideas and intentions for the business game |

Formulation of the mathematical functions |

© WZL/Fraunhofer IPT w HNI ﬁ Page 6
ase
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The general setup of the 1Q-Game ;3\ e

SN A ﬁ
/ :,@):7 What should the player of the business game learn?
2p "l
=/

9 Purchase
amount

Transport of
parts

The player takes the role of the manufacturer. = Three policies can be influenced
The player has to find the right quality management policies. by the player in order to optimize
the manufacturers success.
Investment for the Investment for the )
incoming goods inspection e production quality = The player has to reflect his

strategy according to different

) ) business events.
Personality profile of

the players = The player has to identify the
/ cause-and effect chains and find
the right levers to respond to
business events.

Manufacturer

Transport of

. products
Production —

© WZL/Fraunhofer IPT

The 1Q decision cockpit ;3\ ———

Gewinn und Verlustrechnung:

Kosten aus Kosten aus Lager und Kosten aus Produktion und
Wareneingangsprifung: Logistik: Vertrieb:
Qualitat des Prufkosten der Lagerhaltungskosten: Produktionskosten: Qualitat der
Zulieferers: letzten Runde: Produktion:
Bestellkosten: Kosten fiir Reklamationen:
Erstattung aus
Reklamation: Opportunitatskosten:
2= 2= S=

Preis / Teil

Teile

e

HCIC

[ X1 1]
@ @ Human-Computer
L Interaction Cg:ll"':l

/LT
RWTHAACHEN

Wareneingangs-Priifung Lager und Logistik Produktion und Vertrieb Preis / Produkt

Gelieferte Teile: Lagerbestand: Verkaufte Produkte:

Reklamierte Teile: Bedarf: Reklamierte Produkte: Produkte

Lieferqualitat: Produktionsqualitéat:

Produktionsplanung und -steuerung:

Kosten fur die Materialbestellung beim Kosten fir die

Wareneingangsprufung: Lieferanten: Produktionsqualitat:

|

— {} {F

© WZL/Fraunhofer IPT

ro Gewinn- und Kostenverldufe
ZOOO&T Gewinn / Euro: Page 8
10000 | e AR J—
Kosten der Qualitatssicherung / Euro:
3 4\5/ 6\ 7 /8 9 10 11N12,/13 14 15 16 17 18 19 20 — )
-10000 Kosten der Produktion / Euro:
-20000

30000 Monate Lagerkosten / Euro:

0
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Formulation of the mathematical functions

Which mathematical functions are required?

The mathematical functions form the foundation of the business game.

Examples: Profit
Revenue
Production quality

Range of the incoming-goods inspection

Quality of the parts from the supplier

These functions are implemented in a first prototype of the business game and validated.

© WZL/Fraunhofer IPT

Page 9

Modifiable factors in the developed business game

1 C
;\l:l
3 | S—

Many more variation parameters are possible for the further implementation...

The number of supplier can be enlarged

In this case the player has to decide for one
supplier

Selection criteria are costs and quality
Supplier evaluation is necessary

i g

FCO
ldd

A1

Station 1

FCC)

. — M 3 3 i
Supplier 2 I!{: ] fac?S:Jer \{:
FCI D =l =

= Programming the customer
demand changeable based on the
own product quality can integrated
the aspects of customer loyalty

© WZL/Fraunhofer IPT

Page 10
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Summary and outlook

Which are the next steps?

=

The Goldratt Game simulates the supply fluctuations but neglects many
other aspects like product quality, incoming goods inspection, ...

The developed 1Q-Game extends the Goldratt Game adding decision
possibilities about quality politics and human profiling

Next the developed business game should implemented in a user-
optimized operator interface and validated

In the future variations in the business game should be analyze to
discover possibilities for improvements and to reach the research

objectives
© WZL/Fraunhofer IPT wm Page 11
PRODUCTION
:OOF..l‘.llll'l.
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Integrated Product and
Tool Development

Aryobsei, A.
+49 (0)241 80-28205

Keywords:
Integrated Product Development, Simultaneous Engineering, Tool Development Method
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Abstract

In the course of cost pressure and rising product customization, the effective coordination between
different areas of the process chain has become a substantial strategic success factor. Since tool
making often is the critical path between product development and serial production, the design
and arrangement of the interface between product and tooling has significant influence on time,
cost and quality. Recent studies, however, show a deficit in the compliance with costs, schedules
and quality, which is particularly based on errors and insufficient coordination within the interface
between product and tooling.

The purpose of this project is the extension of existing methods within the product development
processes regarding the aspect of producibility, especially concerning tooling. Thereby product de-
velopers should get additional methodological elements to the prevailing product development
process methods that help to achieve the goal of an integrated product and tool development. This
method includes the formalization of interactions between product and tool, the identification of
the solution space as well as an approach for reducing the identified solution space systematically.
The developed method will be validated in selected companies.

217






UF PRO!)UCTlGN

--------------

Integrated Product and Tool
Development
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Cluster-Conference September 2013
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Motivation: Time is the most important factor of differentiation

Tool making on the critical path of the process chain

Critical path
Product devel t
_'rwin Critical path within Time-to-Market SA(RP
v ) A4
i Tooling
Ramp-up planning Pilot series Pre series|F.lamp-up/Serial production
I | [ 1= )

Potential for differentiation in Tool making Low adherence to schedule

2006 78,1%
2007 [ 7576 ]

Adherence to
schedule

Low lead time

Quality 6,08 1

2009

Price 5,04 |

2008
[ 7a3% 26% ]
: - Goal 100,0%
Rating: 1 = Not promising Price competition [l Differentiation
7 = Very promising
Source: Survey “Operative Exzellenz im Werkzeug- und Formenbau”, 2010. (n = 64)

© RWTH Aachen University MIMCHEN H[]USE Page 1
UNIVERSITY OF PRODUCTION

-------------
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Motivation: An early cooperation between tool making and
product development increases the adherence to schedule

Importance of the degree of cooperation
with the customer focused on construction

Importance of

cooperation
Very high 66%
High
Low
Product developmen IS Today
Very low M Future
1 | Sop
Tool development Tool productlon Try Out
Ramp-up/
_* _* Serial production
Benefit of Percentage of redesigned Percentage of redeS|gned
. constructions constructions
coop eration

-

- High degree of cooperation Percentage of on
(Orders with consultation of construction > 80%) schedule deliveries
- Low degree of cooperation S 67% 79% ¢
(Orders with consultation of construction < 80%) ----AT

Source: Studie 4.0 (WZL/ C: ini), 2013 (n = 110)
Database ,Excellence in Production” (n = 189)

© RWTH Aachen University wa%m Page 2

Research question: Main and secondary research questions

© RWTH Aachen University Iw%va%m Page 3
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Approach: Method for integrated product and tool development

Tool development

Product
development

Reduction of single

Eary start due to a reduction of process steps with a
solution spaces reduction of solution
spaces
{1) {2) {3)
o/ o/ O/
Identification of critical product Determination of solution spaces Systematic reduction of the identified
features for tool making (Product and tool) solution spaces
Inter- T—
dependencies Product  variation Tool Tool development

Product Tool prn Y 3
P g

Reduction of solution spaces

~g& Solution spaces ~&™ Product Tool

Or——e— N —e +— W —e

L—e— L[] —e—m —e— Iy e—

Or—e—— Br—e ——— B—e

[—e— ] ——e— o +— v -

/ J—e— ] —e—— \ (] —e [ —e d
|

© RWTH Aachen University mﬁﬁgw ﬁfju;E ; : Page 4
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The identification of critical product features is the basis m[-@-][-@]
for further research

Product features Interdependencies

Influence Time to
Component develop*

Mold insert E | Machine adaptors |

Mold core | Molding |

Temperature control
tem

| Ejector system |

Risk .
Feature Specification (1-5) Functional group

M1 Local component thickness 1 2mm 1

Shape M2 Local component thickness 2 4mm 5

M3 Position Cable passage 1 40130 3
mm

M4 Material AlCuMg 1 Ejector pins

Material M6 Surface quality outside 3pm 2 =

tenp  Throughput time
Cmat Material costs
Cepx  Complexity costs

Relevance of product feature regarding tool development time:
Rpr f(Risk, influence of feature, development time...)
A

Rer ||

Product featufe

© RWTH Aachen University mﬁﬁfw _HQU;'E ; : Page 5
UNIVERSITY OF PRODUCTION
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Summary & Outlook

Main results
® Concept of the methodology for the Integrated Product an Tool Development

m Database analysis

Future results
m Further detailing of the methodology

®m Validation of the methodology in various tooling firms

© RWTH Aachen University mﬁﬁEN HQHSE - Page 6
UNIVERSITY OF PRODUCTION
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Thank you for your attention!

W/ZL
RWTHAACHEN
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Abstract

Production systems are exposed to increasing uncertainty and susceptibility. Nowadays in-
ter-company relationships regarding different demand situations combined with changing
product quality issues between different companies have not been investigated intensively
yet. With the simulation of a multi-stage supply chain it will be possible to understand the
interrelationships between varying quality issues in a supply chain, combined with different
demand scenarios. To reach this, the method of design of experiments will be applied. In a
first step the target of the simulated system is to reach minimum stock values while having
a minimum amount of stock out situations. In a second step price functions will be added
to the model, so that it will be possible to simulate conditions in different industry sectors.
The results which will be obtained in these experiments will be used for the experimental
design in the demonstration factory on RWTH Campus Cluster Logistics. A real multi-stage
supply chain will be built up using different ERP-Systems at RWTH Campus Cluster Logis-
tics. Due to the obtained results from the previous simulations a more effective way of ex-
perimental design will be guaranteed.
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SELF-OPTIMISING PRODUCTION SYSTEMS

Design production systems that adapt to volatile and changing boundary conditions

Research areas and goals for the 2d funding period
ICD D1 - Cognition enhanced, Self-Optimising Production Networks

®m Further elaboration, verification and validation of the cybernetic reference model addressing
all levels from supply chain management to production cell control

-

- - \
| " ’ “m‘” Corporate Information- and
i | : Materialflow

.........

" I Distibutor e Producer

FIR, WZL-MQ, HCIC

Systematic for evolution of

Integration of the cybernetic PM-Model|
self-optimising elements of a solution

Offline-couplaing
~
|
Self-Optimising e
Production-Planning 44
and Control -
Ot i wz.25 PR T Pr—
Lines /A - 0000 | emata | v
WZL-WM, 1AW k x‘
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Variable parameters in the virtual supply chain scenario

/ Deliveries: Demands: \
- variable replacement times - variable demands
- variable stock-outs - exchange of information
- variable delivery time regarding demand with
- variable quality variable advance and
- variable quality detection variable accuracy
- Variable disposition methods

Datagenerator :—_-_“_“____________-__-____________-_____-_“____: Datagenerator
T e
Supply Chain
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Quality management of Production networks

Lieferanten-
entwicklung

Producer

(O

omplaint of
ystomer

Supplier

Transport Teile Transport Produkte

EC

Complaint of
producer

Testing
Polic;

N = 1 i
G = (Xerkproa + Xruckprod )% Poros = Kaurreie _LxrﬂckTells:) X Proy = Kproq !qu !

Customer

Research question:
Quality policy of the company

B Investment decisions in the quality level of
the manufacturing processes

Testing policy of the company

m Decisions about the "confidence" in the
supplier's products

Supplier development

m  Decisions on the investment /
disinvestment in the development and
control of suppliers processes

Quality management in supply chains

= The quality management decisions play a
important role in the selection of the
disposition process and the suppliers
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Structure of the simulation model
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Informationflow AN E ‘f"-.\ ‘ l| VAL l} ::
I .
.5 T
. =
Supplier; =S
Customer i ;
i : Materialflow
Quality Checks :| ;
Informationflow
Company Tt ees
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Structure of the simulation model

Supplier;
Customer

Quiality Checks

A ...h\..“ \. L. Company
LN
{ ; - + [ +
A" =t er i
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The Demonstration Factory enables an experiment based research as well
as education and further education in a real production environment

Generation of product data

Study of the lean Study of the resource
mechanisms consumption

Production process

Study of the
control loop

Study of the variation of
the plan time

Layout EG Cluster
Logistics

Order planning

Study of control

strategies Simulation of the production

and formation of new
theories

Representative data records

from ERP/PPS
) 1

Study of the product and

Study of the performance of
the system in terms of socio-
technical aspects

process variance

© RWTH Aachen University MIMCHEN HOUSE Page 10
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Modern information and communication technologies form the basis
of a cyber physical production system (CPS)

Delivery zones with Auto-ID ey
= Mobile barcode scanner

R

Assembly line in the Demonstration
Factory

E-Kanban by RFID

= ,Day“ on Kanban cart

= Automated booking at the assembly workplace

= Automatic order booking

RFID at assembly
= Day at work piece carrier

= Automatic assignment to assembly station

Automated plant identification

= Allocation of worker to working station X
= Individual work performance SIS SRS

= Sensor technology in the shelving system

= Automatic order of supplies

o Smart tools
@} = Smart screw systems

Mobile tablet terminals
= Manual BDE

Optical motion detection

= Measuring of distances
= Analysis of motion sequences

© RWTH Aachen University MIMCHEN HOUSE Page 11
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= Manual capture of psycho-metric

= ERP process data and automatic feedback
information
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Abstract

The design and manufacture of profile extrusion dies is characterised by costly running-in-
trials before the start of production. Significant cost and time savings can be achieved by
shifting these running-in-trials on the computer. For this reason, the Chair for Computa-
tional Analysis of Technical Systems (CATS) and the Institute of Plastics Processing (IKV)
developed in the first phase of the Cluster of Excellence an optimisation framework for the
automated optimisation of the flow channel geometry in profile extrusion dies. The simula-
tion-based, virtual optimisation, however, often leads to complex flow channel geometries
with free-form surfaces. Therefore, conventional manufacturing techniques are fast ap-
proaching their limits and are often not applicable.

Against this background, the manufacturing of profile extrusion dies by Selective Laser
Melting (SLM) is studied. The SLM process has the potential to economically manufacture
dies with any complexity in short times. A major challenge here is to ensure a sufficient
surface quality in the flow channel. The process-related roughness of SLM surfaces does
not meet the high demands that are placed on the surface quality of extrusion dies. In a
first step, therefore, appropriate strategies for the reworking of flow channel surfaces in
SLM tools, that are economically applicable to complex free-form surfaces, will be investi-
gated.
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Outline

Introduction and motivation
= Die manufacturing by Selective Laser Melting
= Surface finish and reworking strategies

= Summary and outlook

© RWTH Aachen University
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Derived demands for profile extrusion for individualized production

= Extrusion process profitable for mass production
= Growing customer‘s demand for individual lot sizes

= Fixed costs for die and design become a factor
(running-in trials)

=> Cooperation with the Chair for Computational Analysis
of Technical Systems

=> Partial replacement of running-in-trials with
virtual die optimization on the computer
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Approach for profile extrusion die design

Creating profile

geometry prod O
Designing q anufa g
of a die > 72 cle
E i :
é = q . ood
a - . qua X
Rewo g ;
0 e die . . " . .

Conventional approach for profile extrusion die design
Die design using automated shape optimization

© RWTH Aachen University IWMCHEN H{]USE Page 3
UNIVERSITY OF PRODUCTION

seoscsesesnsans
8 8% ©8 & o6&
seese sesusss
. = @ .

238



Optimization leads to complex flow channel geometries

= Numerical optimization often

leads to free-form surfaces
= Conventional manufacturing

processes often not applicable

= Special manufacturing

technologies needed

» High potential of additive

manufacturing

© RWTH Aachen University Page 4
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Advantages of the additive manufacturing of profile extrusion dies

< L=

Arbitrarily shaped flow channel Reduction of the amount
geometries possible of parts

% Conventional

]

o

= Additive

c

)

[ILT]

One Piece Lot size Series

Flow production
Integration of functions in Individualised manufacturing with lower

one process step costs than conventional processes

Al L

© RWTH Aachen University Page 5
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Selective Laser Melting (SLM)

Sliced 3D-CAD model

-+

Application of a Melting by laser

powder layer

Lowering of building platform

L/
773
I

“

Metal powder

[iLT]
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Surface roughness of SLM-dies

séﬁ'fn’g Topography of SLM surface
direction
—— Laser beam Pre-placed 4
) — powder bed E
Sintered v o (green state)

powder particles '
{brown state) ’ Laser sintering

[aaemic.ru] o [rp-plating.de]
= Roughness of SLM surfaces: Rz = 30 ym
= Required roughness of the flow channel surface: Rz<1pum

= Complex flow channel — Conventional methods for surface finishing not applicable

Aim: Surface finishing strategies tailored for flow channels with free-form surfaces
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Test Case: Die for the production of a L-profile

Middle section

ometry feature
,Bone*

D0

145 1

31,50 [mm]

Geometry feature :
g/Geometry feature Y Inlet* QC
— |,Nose" . ”

. nd\\-ec’t\on
E)d\-us\o Inlet
Inlet section

-
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Additive manufacturing of three-quarters of the die

2 samples
4 different cases

SLM

Conventional

© RWTH Aachen University
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Sample 1: Reworking by milling

Case 1: Untreated die

= Characterization of SLM surfaces

= Reference for the investigated finishing strategies

Case 2: Reworking of the die land by milling «— Inlet

Ex’trus'\on girection

= Die land is critical for shape and surface
quality of the extruded profile.

= Is reworking of only the die land sufficient?

—
Outlet Die land

© RWTH Aachen University Page 10

Sample 2: Reworking by Micro-Machining Processing (MMP)

Case 3: Reworking of the whole flow channel by MMP

= MMP: mechanical-physical-chemical surface treatment in a closed process chamber

— Mechanical: Flow of high-energy particles along the surface

— Physical-chemical: Combination of the particles with a catalyst
= Reworking of free-form surfaces possible

= Achievable surface roughness: Rz =3 -4 um

Case 4: Reworking of the whole flow channel by MMP + milling of the die land

= Combination of the cases 2 and 3

© RWTH Aachen University Page 11
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Benchmarking of the surface finish in the different cases

—

[m

Roughness of the profile surface

Influence on the plant performance and

process parameters

[nanofocus.de]

Microscopic characterisation of the
die and profile surface

9 [polymedialch]
Investigation of plate-out in
the extrusion die

© RWTH Aachen University

Summary & Outlook

= Die manufacturing by SLM is investigated.

= Roughness of SLM surfaces is not sufficient for the extrusion process.

= The surface finishing strategy must deliver a sufficient surface finish of the
profile and be applicable to free-form surfaces.

= Different surface finishing strategies are tested on a die for the production

of a L-profile.

= Topology optimization

= Adaptation of the system peripherals (die tempering)

© RWTH Aachen University
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Abstract

Globalization has opened global markets to production industries. Following the markets producing compa-
nies started to set up sites all around the globe. The historically emerged production networks have become
more and more complex due to the increasing amount of sites, products and customer markets. Nowadays
the global footprint design of producing companies is a complex decision situation for managers in charge.
The multitude of influencing factors and possible choices combined with the low amount of time available to
managers create a major challenge. With the developed IT tool called “Optiwo" the decision maker gets the
broad input of needed information in a compact manner. The influencing factors are used as input data to
generate a virtual global production footprint. By the use of an evolutionary algorithm the virtual footprint is
optimized regarding its total landed costs. With the use of interactive and intuitive visualization, the decision
basis supports the decision making process effectively. On this way the decision maker is able to overview the
complex decision background in a short amount of time and make better decisions in global footprint design.
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Project approach with "Optiwo"

Conclusion
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Example global footprint of Bosch:
Over 400 sites all over the world @ BOSCH

Germany China South Korea Japan
# FTE: 113600 # FTE: 29330 #FTE: 2050 #FTE: 7510
# Sites: >80 # Sites: 19 # Sites: 4 # Sites: 13
oo I | . [ves [ M| vev G B
4!'= 3‘- ?’
l&“.h Rest Europe .
‘ o #FTE: 74230 >
# Sites: 121 - -
v e i
2,
o
d 9 Q Taiwan
- R % 3 #FTE: 190
~ = h # Sites: 1
3
Canada -7 Philippines
#FTE: 560 #FTE: 110
# Sites: 2 % # Sites: 1
vor S . ?

USA () Vietnam
#FTE: 13740 ¢ #FTE: 340
# Sites: ca. 90 o > # Sites: 2

vor N = |
Mexico Peru Brazil ’ India Thailand
#FTE: 7860 #FTE: 130 #FTE: 11400 #FTE: 21970 #FTE: 770
# Sites: 8 # Standort: 1 # Sites: 9 # Sites: 15 # Sites: 3
b/
Legende: Argentina South Africa Malaysia Singapur Australia
3 #FTE: 790 #FTE: 700 #FTE: 2290 # FTE: 600 #FTE: 1870
salclg¥ Producﬂo- '- # Standort: 1 # Sites: 2 # Sites: 3 # Sites: 1 # Sites: 4
Quelle: http://www.bosch.com -

I.....‘:..‘...
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Key challenge in the management of global production networks
today

> 60 min
A CEO needs to take
about 250 decisions
(9140 tasks) per week
— more than 50% of
these decisions are
taken in less than 9
minutes

(057 < 9 min

B 38%
10-60 min

Systematical managerial

Predictive analytics decison-making Experience and intuition

Quelle: lyengar, S., 2012. How to make choosing easier, TED
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The complexity of global production networks today can only be
handled by using data and creating transparency

~104700

Solution space for this network*
(Comparison: Atoms in our
universe ~1078)

* Reference: 10 production sites, 188 product groups, 995 available production resource (one business unit of a global manufacturer)
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Three criteria should be applied when planning your global footprint

design using the green field approach

Assessment of management complexity

* Maximum site size

* Network complexity and variety
in sites

* Economies of scale based on
the product program

Risk assessment

» Redundancies of the global
footprint for risk minimization

Quelle:

Minimization of costs

» Optimization of the global
footprint with an
evolutionary algorithm
(OptiWo)

© RWTH Aachen University
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Project approach with "Optiwo"

Conclusion
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Project approach with “OptiwWo*

3y
VAN VAN \_ J
Build-up of Modeling of current Green field planning Vision — ideal global Decision round
data basis situation as reference of global footprint footprint
» Target volumes per + Develop trustinthe + Minimal restrictions + Assessment of  Derivation of real
product model * Minimization of alternative global footprint to
» Possible production -« ,Calibration® of the costs scenarios be implemented

sites

» Resources,
processes

» Scenarios (dynamic
in volume change)

model

* Risk assessment
* Assessment of
management

complexity

Sensitivity analysis
Development of a
future vision for
global footprint

Principles and rules
for global footprint
design

Roadmap

Migration plan

© RWTH Aachen University

The data integrated into the tool is based on six simple standardized

tables

3
Rate pat m2
Py

[]
1 Kocation Basic couts sitelr

sTeaaLER
anars2
1485296,81

Lnanesse
3478550038

ot Indire<t FTEC

== | ocations

CY T o

1 14 Description Duantity per year Container factar

Expected

1 Produkt 091

183226
a9
w0

0tz
171

‘ Product groups

¢ B '
Consiraints 18 Ve of material

' Process steps

o

All possible locations with overhead costs

® Product groups with volumes and
transport information

() B .
FResource I'-MWP",
Process times :
un[ :;ul:ﬁ;‘?um_wuh:.m“k_lm: :;’a:‘;: ; -
20,65 ; £ . 00037
Transport/ duty matrix .
[

Resources

Alternative process chains and
technologies per product

Transport and customs information
between all sites

Cost information, e.g. labor costs, for all
sites

Material costs per product for each region

© RWTH Aachen University
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Interactive visualization of results
Overview/ Home View

@ sase run 1
@W
Deutschland 1 Deutschland 2 Stidamerika Osteuropa 1 Osteuropa 2 Nordamerika Asien 4
oM 40M 40M a0mJ 20M aom] 40M'
200 20m 20 o 20m 20m 20m
o s
a o e
@) relative layout () absolute layout
T I
runs Blo38.904,52 Baso || DIl
s s B L
- ST (5o
----- v N[5 oa®)
e Bse )00
----- . L R O)
ey e O,
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Interactive visualization of results
Tree map - visualization of the resource utilization in the network

— Tree map - Overview — Tree map -Site View

®m Large site with high
resource utilization

®  High number of
machines

B Small site with
relatively low

1. The size of each rectangular area represents A
resource utilization

the resource capacity (e.g. number of

machines) or site area ®  Low number of

2. Depending on the resource utilization the machines
color changes from red (low) to green (high)
3. Search for machines or sites is possible and
will be highlighted
© RWTH Aachen University MIMCHEN H[]USE Page 11
UNIVERSITY OF PRODUCTION
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Interactive visualization of results

Detailed Views — Process overview/ Product View

— Process overview — Tube map

-.; L
ENMYN

B The process overview allows to identify the
production process of a product

The colors reflect locations

- “stations” suggest process steps

“change - stations” show assemblies

— Product view

-
-
-
"
-

B Product overview shows the products and their
distribution to the sites on process step basis to
identify

m  Aresource view to identify the distribution of
resources on sites is also available

Quelle:

© RWTH Aachen University
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Interactive visualization of results and reconfiguration

Configurator/ Sensitivity Analysis

— Sensitivity Analysis

m  Allows to determine, how robust the solution is
against the variation of specific cost parts

m For example: The influence of a rise of transportation
costs on the whole footprint can be calculated

— Configurator

® The configurator allows to change the footprint
manually

m  Optimization can be started again with the new data

model

© RWTH Aachen University

Page 13

255




Agenda

Motivation

Project approach with "Optiwo"

Conclusion

© RWTH Aachen University

RWTHAACHENHOUSE  pagets

uuuuuuuuuuuuu

Interactive visualizations help managers in charge to determine
complex information efficiently

A CEO needs to take about 250
decisions (3140 tasks) per
week

— more than 50% of these

Interactive Webtools instead of
PowerPoint and Excel to support
global footprint decisions

decisions are taken in less than 9
minutes

> 60 min

CIEZ) < 9 min
R 38%
10-60 min

Source: * lyengar, S 2012 How to make choosing easier, TED

ssesess sessess
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Abstract

In this presentation the approach for the development of a reference architecture for di-
rect, mould-less production systems is described. Typical SLM machines can be divided in
three major modules: optical system, the process chamber and the build platform. In this
framework a new high productivity machine will be developed that fulfills the following
requirements:

. Increase of the laser-on time up to 100%
. Reduction of the auxiliary times
. Scalability of the build volume

. Scalability of the build up rate
. Machine flexibility

The presentation comprises first concepts of a process chamber of a SLM machine with its
technical. The process chamber consists of a gas-tight cabinet, a build platform for mount-
ing the substrate plate, linear drives for the powder recoater movement, interfaces for
powder feeding and condition sensors. By integrating two scanning systems in this process
chamber an extended scan field size of 200 mm x 400 mm can be realized that allows for
new process strategies. Due to parallelization of two scan processes an enormous increase
of the build up speed is possible. Or else by overlapping both scan fields new scan strate-
gies like double beam processing is possible. To conclude the presentation the results of
the technical evaluation of the process chamber concepts and the design of the winning
concept are shown.
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AGENDA

Motivation and introduction
Methodology for technical and economical evaluation
SLM machine concepts

Summary and outlook
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Motivation and introduction
Increase in productivity by new AM machines

: ® Increase of laser power
Cost per part & — Laser power up to 1 kW
= — Increase of laser beam
diameter

Conventional manufacturing
— Skin-Core principle

Selective Laser Melting (SLM)

®E Increase of build chamber
—V =630 x 400 x 500 mm3

New AM machine — Parallelization of machine set-

up by a changeable chamber

High Power SLM machine

®m Parallelization of SLM processes
— Usage of multiple laser sources
— Two scan fields

Lot size

No consistend tendency of development of SLM

maCh I ne teChnOlogy Source: Concept Laser GmbH, SLM Solutions GmbH
© RWTH Aachen University MIMCHEN HGUSE Page 2
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Methodology for technical and economical evaluation

Functional machine structure

Modularisation of SLM Machinery

Powder management
Process management

Development of concepts for each module

Evaluation of the concepts

Technical Evaluation I Economical Evaluation

Design and Construction

Process Development

Energy management

model

Definition of reference process \

Functional machine structure J

Modelling of performance

contributions on component level
Identification of performance
drivers on component level

Identification of optimization
measures of SLM machines

© RWTH Aachen University
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Methodology for technical and economical evaluation

Functional machine structure

-

Process chamber
cover

SLM machine

Process chamber|

Optical system Gas management

— S Build platform | | Laser Circulation pump
Process
chamber
Lifting unit Scanner Filter system
Rolling u
system
Lifting unit
© RWTH Aachen University MHAACHEN HmJSE Page 5
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Methodology for technical and economical evaluation
Functional machine structure

»Two Chambers*

| Scanner | I Beam switch I
A,

SLM machine

Inclined Scanning Plane" Process chamber| Optical system Gas management

Build platform | | Laser Circulation pump
Lifting unit Scanner Filter system
| Scanner | | Recoater | -
) Rotating I
direction
© RWTH Aachen University MIMCHEN HOUSE Page 6
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Methodology for technical and economical evaluation
Definition of a reference process

_[ Machine preparation ] B The SLM machine occupancy time is

« Cleaning of process chamber (e. g. after material change) represented by a reference process
» Change of gas filters

] m Subdivision of the temporal sections in value-

_[ Pre-processing adding and non-value-adding time shares

 Preparation of CAD data

« Mounting of substrate plate
« Starting gas flow

« Heating of the build platform
« Set-up of ,Layer 0*

—[ SLM process ]7

« Powder delivery into the recoating unit
« Deposition of powder layer n

« Processing of powder layer n

« Lowering the build platform

* Return of recoating unit

—[ Post-processing ]7

« Cool-down of build platform

« Deflating the shielding gas atmosphere
« Removal of powder material

* Removal of build part

Following VDI 3423: Verfligbarkeit von Maschinen und Anlagen

© RWTH Aachen University MIAACHEN HUUSE Page 7
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Methodology for technical and economical evaluation

Definition of a reference process

Module

Powder management
Drive of powder delivery unit
Drive of recoating unit
Guide rails of recoating unit

Optical system
Laser
Scanner

Lifting unit (Z axis)
Drive of lifting unit (2)

(1) Powder delivery into the recoating unit
(2) Deposition of powder layer n
(3) Processing of powder layer n
(4) Lowering the build platform
(5) Return of recoating unit

KGT (2) ]
— » Time [s]
Process . Process
start i1 |end

© RWTH Aachen University
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Methodology for technical and economical evaluation

Identification of performance drivers

Technische Parameter Maschinenkonfiguration a

Bauraumvolumen
Anzahl der Bauraummodule

Bauraummodul mobil (ja/nein)

Laserstrahlquelle
Laserleistung (max.)
Laserstrahldurchmesser
Scanfeldabmessung
Anzahl Laserstrahlquellen

Anzahl Scanfelder

Anzahl der Hubantriebssysteme

Heizleistung der Bauplattformheizung

Schleifwelle (ja/nein)

Positionssensorik fiir Schicht-0-
Erkennung (ja/nein)

Following VDI 2885:

Technische Parameter Bearbeitungsaufgabe a

250x250x300 mm?3 Anzahl der Schichten 5000 Schichten/Bauprozess
1 Belichtungszeit 180  s/Schicht
nein Beschichtungszeit 35  s/Schicht
5 § Achse Pulverforderung 4 s
IPG SM Faserlaser g é é’, Achse PAE 30 s
1000 W 3¢ £ Achse Hubeinheit 1 s
100 pm < §'§ Pulverabstreifelement S als
250x250 mm? %3 Schutzgaspumpe 35 s
1 8 E - gu Laser 00 5.3
1 é ‘é_ g E 'S Scanner 180 s
W w Schutzgaspumpe 180 ¥»S
1 Standzeit Pulverabstreiferelement 10000 = Schichten
5 kw Dauer Ristprozess (manuell) 2 h
Dauer Rustprozess (automatisiert) 05 h
nein LosgroRe 15  Einheiten
T Einheiten pro Bauprozess 3 Einheiten / Bauprozess
Pulverwerkstoff AlSi10Mg
Kornfraktion des Pulverwerkstoffs 25-56 pm
Bauteilvolumen pro Einheit 1000 cm?
Bauteilgewicht pro Einheit 2,7 kg
Supportvolumen pro Elnheit 1205 ¢ em?d

Einheitliche Daten fur die Instandhaltungsplanung und Ermittlung von Instar

© RWTH Aachen University
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Methodology for technical and economical evaluation
Identification of performance drivers

Performance contribution m Assignment of each SLM machine component

to the performance contribution

Performance contribution [h] m Visualization of value-adding and non-value-

Example of optimization: adding process steps
Implementation of a laser with
higher output power

B Sensitivity analysis for identification of
optimization measures

Module

Powder recoating

(

Laser exposure

Laser
Scanner
Drive of

recoating unit

Following DIN EN 60300-3-3:
Anwer i 1 - Leb

© RWTH Aachen University MIAACHEN HUUSE Page 10
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Methodology for technical and economical evaluation
Identification of optimization measures of SLM machines

]
Increase of build Increase o f Increase of
up speed value-adding output
time shares
s Y < =
4 N\
Integration of a Redevelopment Increase of
laser with higher of scan development Decrease of output
output power strategies effort
\ v
<
Increase of Increase of Decrease of time
maintenance maintenance shares for value-
effort time adding processes
o\ j
\ /
© RWTH Aachen University MIAACHEN HUUSE Page 11
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AGENDA

Motivation and introduction

Methodology for technical and economical evaluation

SLM machine concepts

Summary and outlook

© RWTH Aachen University Page 12
SLM machine concepts
Objectives of new machine concept
List of requirements ® 100% laser-on time
Frauhorer | Anforderungise fur eine | Prozess- — Optimum utilization of laser beam sources
fiir Lasertechnik SLM-Anlage kammer
Ander. inforderun: ‘erantw. .. R .
e = B Minimum auxiliary times
F 1 Temperaturbestandige Ausfiihrung
Wl Arameteons Ooorgabeden — In process: powder deposition, powder delivery
E Restpulver an Pulvermanagement .
p T e sopm — Before process: mounting of substrate plate,
. ontakt von Pulver mit bewegten .
o[l cmeremen preheating, set-up of process gas atmosphere
— After process: dismounting of substrate plate, cool
Energie
ol :rr:\t:;i\:::dsrLaserslrah\ung down’ removal of powder
L P Einstellung des Arbeitsdrucks
ermoglichen (max. 140 mbar) . e .
P : ® Flexibility of the machine structure
auerstoffgehalt der Atmosphére (in
N v — Scalability of build up rate
1 Temperatur der Substratplatte, der
. ooy o o — Scalability of build volume
2. Absolutposition der Substratplatte
i Pl
F Schutzgases/Volumenstrom (vss)
2. Geschwindigkeit der
F Pulverauftragseinheit
F 1. (VPAFE'Lsmun der Pulverauftragseinheit
(Fp i UNd Xp 1)
© RWTH Aachen University Page 13

269




SLM machine concepts

Evaluation of SLM machine concepts

m Utility analysis

— Comparisor|®
criterions 2m

— Scoring of t|m
criterions

High robustness
High reliability

High positioning accuracy

m  Low space requirement

— Identificatio
concept witl
multiplicatio/®
factor with t|g

m Low gas leakage

Low cleaning effort
High monitoring possibilities

High accessibility of
components

High degree of
standardization of interfaces

Low manual effort

High degree of automation

Fu e

3
(RIS TRL TS TR
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SLM machine concepts

Concepts of the SLM process chamber

Concept 1 Concept 2

© RWTH Aachen University
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SLM machine concepts
Concept of the SLM machine

® Build volume

W e . — 400 mm x 200 mm x
_ = i 8, 300 mm

. . m Optical system
Recoating unit r i P v
. . — 2 lasers and 2 scan systems

! ' for parallel processing

B Recoating unit
— powder delivery in both
directions
m Process gas flow

— Flow optimized design of
process chamber and
recoating unit

© RWTH Aachen University MAACHEN HOUSE Page 16
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Summary and outlook
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Summary and outlook

Modularisation of SLM Machinery

Powder management

Energy management
Process management

Development of concepts for each module

Evaluation of the concepts

Technical Evaluation Economical Evaluation

Design and Construction

Process Development

® Development of SLM process chamber

completed

m Development of further machine modules like

powder delivery unit, shielding gas
management and optical system are in
progress

© RWTH Aachen University
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Summary and outlook

Modularisation of SLM Machinery

Powder management [l Energy management

Process management

Development of concepts for each module

Evaluation of the concepts

Technical Evaluation Economical Evaluation

> Product life cycle (PLC)

Design and
Product Distributio
panning e m ! m oo >

® Economical evaluation of machine concepts

by means of life cycle costing
m Development of life cycle cost models

B Investment costs

— Production costs, development costs,
procurement costs, ...

®m Costs in utilization phase

— Maintencance costs, energy costs, tooling

costs, ...
Design and Construction
Process Development
© RWTH Aachen University MMGHEN HOUSE Page 19
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Summary and outlook

Cost contribution

A
Cost contribution [€]

Example of optimization:
Implementation of a laser with
higher output power

Module

Investment

? Electrical energy

Assignment of each SLM machine component
to the performance contribution

Visualization of value-adding and non-value-
adding process steps

Sensitivity analysis for identification of
optimization measures

& S
- © > D
& 5%
©
o .
8 A Follow:l-lgl DlN EN 60300-3-3:
© RWTH Aachen University mlAACHEN HOUSE Page 20
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Summary and outlook
Modularisation of SLM Machinery m Process development
— Multi-scanner system
— Multi-beam process
Powder management [l Energy management ju Reduction of auxiliary times
— New process strategies
I
m Automated process start
Development of concepts for each module B |nvestigation of process gas flow
Evaluation of the concepts
Technical Evaluation Economical Evaluation
Design and Construction
Process Development
© RWTH Aachen University mlAACHEN HOUSE Page 21
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Thank you for your attention!

Any questions ?

L

-
-

Fraunhofer Institute for Laser Technology ILT
Chair for Laser Technology LLT
Aachen, Germany

Dipl.-Ing. Johannes Schrage
Phone: +49-(0)241/8906-8062

Fax: +49-(0)241/8906-121
johannes.schrage @ilt.fraunhofer.de
www.ilt.fraunhofer.de
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Keywords:
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Abstract

The manufacturing industry faces a pressure to innovate. The increasing competition from
low-wage and emerging economies as well as changing market requirements towards
shorter product life cycles and individualized products necessitate more flexible and adap-
tive production processes [BRE2007,KAG2012].

One possible approach is to automate process planning. As a result, production facilities
could autonomously adapt to new products or changes within the facility. Additionally,
production processes could be continuously optimized towards changing goal systems. In
this talk we therefore present an approach for an autonomous planning and control sys-
tem for future manufacturing facilities.

To allow for flexible processes, such future manufacturing facilities are organized as pro-
duction networks: Here, modular manufacturing units (MU) provide self-contained manu-
facturing services. To facilitate flexible flow of materials, the facility must provide complete
interconnectivity as well as interoperability between the MUs.

In such a setup, a user does provide a declarative description of the desired product. By
using this formalized description the system autonomously derives all feasible manufactur-
ing sequences. During the actual production the planning system calculates the optimal
manufacturing sequence given the available manufacturing services and the current state.
In case of unplanned changes or new orders, the system triggers an update of the plan and
adapts the production plan to these changes.

Bibliography
Brecher, C. e. a. (2007): Excellence in Production. Apprimus.

Kagermann, H., Wahlster, W., & Helbig, J. (2012). Umsetzungsempfehlungen fir das Zu-
kunftsprojekt Industrie 4.0-Abschlussbericht des Arbeitskreises Industrie 4.0. Forschung-
sunion im Stifterverband fur die Deutsche Wissenschaft. Berlin.
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Adaptive Manufacturing Planning for
Production Networks

Daniel Ewert

| Institute of Information Management in Mechanical
Engineering

Aachen, 23rd/ 24th september 2013
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Outline

® Motivation: trends in production

® Adaptive manufacturing planning
— Automatic generation of manufacturing instructions
— Adaptive optimal manufacturing by continuous replanning

m Applicability and limitations

® Summary & Outlook

© RWTH Aachen University m@g;iwf\j “EJ}SE Page 1
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Motivation — trends in production

® |ndustrial production, state of the art:

— economies of scale

— expensive ramp-up

— production lines build for single products
® Problem:

— increasing competition from low-wage and emerging
economies

— Trend towards shorter product life cycles
— Demand for individualized, variant-rich products

- Demand for adaptive and flexible manufacturing systems

Approach: automate process planning
= Provide generic production facilities
= Only define what to do, not how

= Production system plans and executes manufacturing
autonomously

© RWTH Aachen University MIMCHEN HOUSE Page 2
UNIVERSITY OF PRODUCTION
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Prerequisite: Production Networks - Flexible Manufacturing Systems

® Production facility of modular manufacturing units (MU)

® MU provide one or more generic manufacturing service

m Prerequisite for flexible processes:
complete interconnectivity

/// manufacturing units

==
-
-
-
- -
- =

P
-
-
-
-

© RWTH Aachen University MMCHEN HOUSE Page 3
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Production Networks — possible implementations

Conveyor belt based

hub based
transportation

incoming
parts

| MUG

Circular
transportation

Autonomous transport vehicle based

gI®

KARIS- Kleinskaliges Autonomes
Redundantes Intralogistik System (KIT)
} b s | ki .. "

MultiShuttle Move® - Cellular Transport Systems

© RWTH Aachen University
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Adaptive Manufacturing Planning —

general process

User creates
product description
Derive all feasible
manufacturing processes

Before manufacturing

Receive order

Calculate
optimal process for
each product

Execute
processes

[production
completed]

®m Hybrid strategy

— Precalculate computationally
expensive tasks

— Allows fast decision making during
manufacturing

B Assignment to executing hardware
only during manufacturing
—>machine indepency
—>improved reusability and scalability

Map processes to
ressources

© RWTH Aachen University
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Adaptive Manufacturing Planning — comprehensive model

® Manufacturing Domain
— Ontology based

— Examples: MASON, AVILUS,
ADACOR

= concepts & terminology

Manufacturing Domain T
= parts specification

-

B Product; declarative description
of desired product

= list of parts ® capability: m Service: description of realizable
= features: obtained producible features manufacturing step
properties & relations for| = applicability:
each part requirements for handled
= dependencies parts B Goal: Separation of task and
between features " usage: execution
= restricts sequence = com. protocol - Define goal instead of
= optional time slot * parametrization process
© RWTH Aachen University MMCHEN H{]USE Page 6
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Adaptive Manufacturing Planning — examples

® Toy model product B assembly service (simplyfied)

m Capability:
pose
property: color m Applicability:
= color: yellow — object size < 15cm
— object weight < 1 Kg &

Usage:

= pos: (0,0,2)
= ori: (0,0,0,0)

dependency
= min/max: (-,-)

property: pose

= pos: (0,0,1)
= ori: (0,0,0,0)

1 property: pose u

— 1P:137.226.188.123
— Protocol: plain text
— Command: move
= paraml: “$object”
= param2: “$x,$y,$z"

© RWTH Aachen University
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Adaptive Manufacturing Planning — process derivation

m Recursively construct state graph from
product description

— "Deconstruct" product description by
removing one unrestricted feature

— Remove parts with no features left
— Continue until completely removed.

®m Result: State graph

— Holds all feasible manufacturing
sequences for given product

— Nodes: State of the product

— Edge:
= Transforming manufacturing step
= Required additional parts/materiel
= costs of execution

© RWTH Aachen University mMCHEN HOUSE Page 8
UNIVERSITY OF PRODUCTION
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m Task:
Find manufacturing process for each
product, so that resource utilization
and throughput is maximized
— avoid resource conflicts
— optimize for given goal system

B Subtasks:

— ldentify suitable manufacturing resource
for given manufacturing step

— Calculate individual manufacturing
process for each product

req: 1,2 req: 3,4

© RWTH Aachen University mMCHEN HOUSE Page 9
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Adaptive Manufacturing Planning — resource identification

°~J

® Prolog-based knowledgebase
— parts specification as fact base
— service applicability as logical rule

m Returns suitable service for given
part and feature

%%% Type data %%%%%%%%%%%%%%%%%
cube("b1").

%%% object data %%%%%%%%%%%%%%%
cube("b1", 1.0, 1.0).

%%% data accessors %%%%%%%%%%%%
has_size(X, Y) :- block(X, Y, ).
has_weight(X, Y) :- block(X, _, Y).

%%% service desc. rules %%%%%%%

realizes_pose(assemblyservice_1, X)
- has_weight(X,Y), Y < 4.0,
has_size(X,Z2), Z < 1.5.

Service desc.

© RWTH Aachen University
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Adaptive Manufacturing Planning — calculation of optimal processes

®m Evolutionary Approach

— Assign products to service time slots
- schedule

— Optimize schedule using evolutionary algorithm

Propose initial
schedule

!

For each product:

Find optimal Create schedule
manuf. process for given variations
schedule

[ Evaluate resulting 1

processes R
[optimization
criteria not met]
[optimization
criteria met]
© RWTH Aachen University mﬁHEN HDUS Page 11
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Applicability & Limitations

Parts: 42 = Products
Graph — Computational complexity depending on
» Nodes: 4.3*%1013 number of parts and dependencies
= Edges: 9.2 ¥107 — Products must allow variation but not

complete arbitrary manufacture

® Production techniques
— must be discrete

Parts: 17 — must be reliably reproducible
Graph — manufacturing steps should not
= Nodes: 31 influence each other
= Edges: 49
=
fuell cell (simplified)
© RWTH Aachen University MIMCHEN HOUSE Page 12
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Summary & Outlook

B Summary
— Adaptive and optimal production due to continuous process replanning
— In depth planning prior to assembly and fast decision derivation during assembly
— Machine independent task description

Production e SPS
Environment Simulator

Query

OPC Data Access
Specifications

® QOutlook

— Unified communication instead of monaolithic,
proprietary protocols by establishing OPC-UA
standards for the production environment

]

]

1

]

]

1

. . . - !
— Implementation of a simulation environment to :
1

]

1

I

]

1

integrate machinery sensor networks based on
Cyber Physical Production Systems (CPPS)

Drools

. INI =
Sensor Rules Client
— lava Native Interface

Management
System

© RWTH Aachen University MIMCHEN HOUSE Page 13
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Thank you!

Dipl.-Inform. Daniel Ewert
Institute of Information Management in Mechanical
Engineering
phone: +49 241-80-91128
daniel.ewert@ima.rwth-aachen.de
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Abstract

Selective Laser Melting (SLM) is a manufacturing process that builds up metallic parts layer
by layer directly from 3D-CAD data with almost no restrictions to geometric complexity.

One of the main challenges of the SLM process is to improve its efficiency by increasing the
build rate and thereby decreasing time and cost.

One way is to increase laser power and beam diameter to melt more volume in a shorter
time. The other way is to reduce the volume that has to be melted.

The volume can be reduced due to the limitless geometric freedom offered by the SLM
process. With the SLM process it is possible to generate hollow parts for better exploitation
and adaption of the volume to specific load cases. Large volumes can be replaced by lattice
structures with a certain volume fraction, saving weight and production time by maintain-
ing the stiffness of the structure. To ensure, that the mechanical properties of the new
light weight structures are comparable to the properties of solid base material, several dif-
ferent lattice structures have already been investigated, all consisting of numberless little
struts.

Little struts are built in various formats to investigate the scalability of the mechanical
properties. The results are shown in this presentation and can be used for better prediction
of the mechanical properties of lattice structures manufactured by SLM.
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Agenda

® |ntroduction

m Motivation

m |attice Structures
Surface Quality

]
m Experimental Setup
]

Scalabilty of the mechanical Properties

— Diameter
— Surface
— Number
— Angle

B Summary
® Conclusion

m Next Steps
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Introduction

()~ - ()

Additive Manufacturing Additive Manufacturing

igh Power AM
hase 1) New AM Machine
(Phase 2)

High Power AM
(Phase 1)

.................... New AM Machine
.............. (Phase 2)

Conventional Manufacturing Conventional Manufacturing

LotVSize Product Complexity

e
T I Compiensy or e

© RWTH Aachen University mHMGHEN HOUSE Page 2
Motivation
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Lattice structures

© RWTH Aachen University
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Surface Quality

® Ra=10um
B Rz=60pum
m Strut Diameter 200 to 700 pm

\

® Hypothesis:

Small struts have a lower
Ultimate Tensile Strength and
Uniform Elongation due to the
increasing impact of surface
roughness and defects.

© RWTH Aachen University

RWTHAACHEN HOUSE
URIVERSITYOF pRopucTioN

-------------

Page 5

293



Experimental Setup
® Material: 1.4404 / 316 L / X2CrNiMo17-12-2
m Laser power: 195 W
WA B Scanning velocity: 900 mm/s
m Layer thickness: 30 ym
m Focus diameter: 80 um
B Scan line spacing: 50 ym
m Scan line rotation: 90°
© RWTH Aachen University mc: E iﬂuﬂw Page 6
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Different Diameter
800 » »
700 | ;! !
600 | o !
n. £ 500 -4 ,,-,-O-j;'t"‘""" 125 Strut diameter has almost no
= influence on the Ultimate Tensile
4 400 i f’ 120 ® Strength.
% 300 115® The Uniform Elongation is
200 ’i“ - 1 10 decreasing with the decreasing
Hg strut diameter, because the ratio
100 F ¢ UTS {5 of surface area to volume is
0 . . ’ . UEL 0 increasing and the chance for an
Strut Diameter [pm] y g g. 100.
© RWTH Aachen University mc: E iﬂuﬂw Page 7
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Constant Volume, Different Surface Area

800 40 » »
700 1 35
600 r 1 30
E 500 “:::::‘ ----------- ——r The surface area has almost no
= = R A § = influence on the Ultimate Tensile
® 400 | . 120 '®  Strength.
Q R -
B 300 W 59  The Uniform Elongation is
200 1 10 decreasing with increasing surface
s UTS area, because of the higher chance
100 ¢ = UEL | 5 for an inhomogeneity that will lead to
0 , \ \ 0 a early necking is increasing, too.
10 12 14 16 18

Relative Strut Surface Area [mm?/mm)]

© RWTH Aachen University
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Number of Struts

800
700 .
600 .
®
A 500 b 125 %
= [ 3 e e B_E‘-,
§400 ISR e, b 20 £
£ 300 +“' 115®
w
200 r 1 10
L ¢ UTS
100 = UEL o]
0 1 1 1 1 1 1 1 0
0 5 10 15 20 25 30 35 40

Number of Struts

=M=

The surface area has almost no
influence on the Ultimate Tensile
Strength.

The Uniform Elongation is
increasing slightly with the number
of struts, because an early failure of
single struts with an inhomogeneity
is less severe.
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Different Angles

&

| '
increasing surface

increasing surface
increasing number

=

Stress

v

Strain

800 » » »
700
600 | Tensile testing
E 500 ==~ " 125 % A higher angle between laser beam
= = and strut axis leads to both a higher
w 400 o 20 " Ultimate Tensile Strength and
f—_’, 300 ____..-—I""" 1 15 ;,,'-" Uniform Elongation, because the
-__,_..-a-i" crack formation is along the layers of
200 & 1 10 the SLM process and with an
100 | + UTS 5 increasing angle the cross section
m UEL area for the crack formation is
0 . L 0 increasing, too.
0° 15° 30° 45°
Angle between Strut Axis and Laser Beam
© RWTH Aachen University MHAAC H{]USE Page 10
UNIVERSITY OF PRODUCTION
Summary
increasing angle between laser and strut axis

increasing angle between laser and strut axis
increasing number
increasing diameter
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Conclusion

®m Hypothesis:
Small struts have a lower Ultimate

N Tensile Strength and Uniform
Elongation due to the increasing impact

of surface roughness and defects.
<:' ‘ ® Answer:

Small struts have almost the same
Ultimate Tensile Strength, but a lower
Uniform Strain.

The mechanical properties of SLM
produced micro struts are not scalable.
Few big struts are better than many
small ones with the same area, and
they should be generated with a high
angle between laser and strut axis.

Stress

v

Strain
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Next Steps

© RWTH Aachen University mHMCHEN H!:(:]USE Page 13

-------------

297



Thank you for your interest!

Any questions ?
el

Department of Ferrous Metallurgy
RWTH Aachen University
Aachen, Germany

Dipl.-Ing. Jan Biltmann
Phone: +49-(0)241/80-95809
Fax: +49-(0)241/80-92253
jan.bueltmann@iehk.rwth-aachen.de
www.iehk.rwth-aachen.de
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Assembly of Large Components in a
Smart Factory

JanBen, M.
m.janssen@wzl.rwth-aachen.de

Keywords:
integrative production, self-optimizing assembly, Industry 4.0
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Abstract

Complying with tolerance requirements during the industrial production of large compo-
nents is @ major challenge. Environmental influences, which appear to be controllable for
the production of small components, have a significant effect on the production of large
components. Whilst manufacturing processes are heavily influenced by temperature fluctu-
ations affecting the resulting part geometry, assembly processes of large components, such
as aircraft shell elements, are especially influenced by gravitation which results in the de-
formation of assembly parts and requires compensation. The compensation of environmen-
tal influences during automated process control requires large amounts of measurement
data regarding e.g. process parameters, temperature and part geometry. The accumulated
data is used for the development of models which describe the interdependency of com-
ponents, processes and the production system. Based on these models, compensation
strategies can be developed and evaluated. A single control system can not handle and
process the required data volume in an appropriate amount of time. Ongoing interconnec-
tion of production resources to a ‘Smart Factory’ distributes the data to specialized com-
puter systems and the processed data is made available for the individual control systems
on demand.

Within this contribution, the benefit of a networked production systems in a ‘Smart Facto-
ry’ is discussed and strategies to avoid or how to react on component deformation in
downstream processes will be presented.
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“Securing the future of German manufacturing industry”

implementing the strategic

initiative INDUSTRIE 4.0 2 indisstrial tevalution
TSR uses electronics and IT to
] achieve further automation
of manufacturing A
® ' - g
2, industrial revolution £
follows introduction of 8
electrically-powered mass
First mechanical leom pmdunﬁuﬂ m mﬂm
e division of labour
1. industrial revolution
follows introduction of
water- and steam-powered
mechanical manufacturing ;
End of rt of Start of 1970s today
18th century 20th century i
Source: Recommendations for implementing the strategic initiative INDUSTRIE 4.0, final report, p. 13
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“Securing the future of German manufacturing industry”
m Priority areas for action
— Standardisation and open standards for a reference
e Bacatech architecture
Recommendations for — Delivering a comprehensive broadband infrastructure for
implementing the strategic i
iniiatve INDUSTRIE 4.0 industry . N
— Safety and security as critical factors for the success of
Industrie 4.0
— Work organisation and work design in the digital industrial
age
— Training and continuing professional development for
Industrie 4.0
— Regulatory framework
Source: Recommendations for implementing the strategic initiative INDUSTRIE 4.0, final report, p. 2
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Trend in assembly systems for large components:
Decreasing amount of steel and increasing flexibility & complexity

self-optimizing
assembly system

fixed jig

© RWTH Aachen University RWTHAACHEN HOUSE Page 4
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Vision of self-optimizing assembly of large components

cooperating, reconfigurable positioners : reactive assembly robot
- mechatronic handling modules - sensors (geometry, force/torque)
- distributed control system - Computing of in-process data

large component
- models for product behavior
-> models for self-optimizing process control

Interaction with worker
-> transparency of self-optimizing systems
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Managing complex assembly scenarios

® Product and process complexity B Assembly system complexity
— Product specific deformation and — Resource efficiency requires
compensation reconfigurability
— Models and real-time data for self- — reconfigurability requires (mechatronic)
optimizing process control modularity
— Distributed control system for efficient — Orchestration of modular systems
computing and data processing requires a networked production

“Smart Factory”

.. bicture: HENN Glib!

e.g. Campus Cluster
sIntegrative Production Technology*
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Preparing future research topics for Industry 4.0

m VDI working group ,Industrie 4.0 — Begriffe, Referenzmodelle,
Architekturkonzepte“ (FA 7.21)

— CoE members:
= Dr.-Ing. Marcel Mayer (IAW): ICD D Deputy Coordinator
= Markus JanBen (WZL): ICD D3 Coordinator
= Dr.-Ing. Walter Kimmelmann (WZL)
— Objective: guidelines and standards

m Contribution at AWK 2014
— Focus: Industry 4.0 - The Aachen Approach
— Session 4 ,Cyber Physical Production Systems (CPPS)*
— Presentation 2 ,Precision Manufacturing and Assembly of Large

Globalization = & Components*
g el !'LdUSLf'Y 40 E — Experts from
3 - < = Alstom
5 productiory  E * FFT EDAG
Systems, =< n i
t‘— L= Virtualization. H—=M|d Tier. . ,\P/If;lmumAerOteC
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Thank you for your attention!

m Contact:

Dipl.-Ing. Markus Janf3en

Laboratory for Machine Tools and Production
Engineering (WZL) at RWTH Aachen University

Tel: 0241/80-20606
Fax: 0241/80-22193
Mail: M.Janssen @wzl.rwth-aachen.de
Web: www.wzl.rwth-aachen.de
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Supporting technology transfer via
web-based platforms

Aghassi, S.
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Abstract

In order to stay globally competitive enterprises face an increasing pressure to be innova-
tive. Furthermore, the rising complexity of new technologies forces enterprises into RnD-
cooperations with third parties as technology development can often not be handled by
one organization on its own. In spite of this need for technological innovations, lots of ex-
cellent research results from academia remain unexploited. The reason for this often lies in
a lacking industrial partner for commercialization of developed technologies, which again is
often caused by lacking visibility. Although several measures are taken to bridge the gap
between research and industry, their success is not broadly achieved. In the past years,
with the rising technical capabilities of modern Web 2.0 and social software technologies,
several web-based portals were set up in order to support technology transfer, and in-
crease the visibility of the developed technologies at various research establishments. With-
in CSP3 a technology transfer portal will be set up within the Cluster of Excellence, in order
to create transparency about the technologies developed within the Cluster and the people
behind them. In a first step portal usage is considered for internal use by cluster members
only, prospectively the portal could be opened up to potential industrial partners. The
technology transfer portal is part of the »Scientific Cooperation Portal«, developed togeth-
er with CSP1.
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Supporting technology transfer
via web-based portals

CSP3
Susanne Aghassi
Fraunhofer Institute for Production Technology IPT

Cluster Conference
Aachen, 24.09.2013
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Agenda

Overview and objective of CSP3

Technology transfer portals

Conceptual and practical approach

Current state of work and outlook
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Agenda

Technology transfer portals

Conceptual and practical approach

Current state of work and outlook
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Overview of the Cluster of Excellence
Overall structure

Aachen
House of Integrative Production
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CSP3 Technology Platforms
Physical and virtual approach

Phase 2 - Integrated Platforms within the Aachen House of Production

Aachen
House of Integrative Production

Int Com tional Matenaland Produc‘uonEn ineering

g’aﬁed puta ngi

[ ngh" luti P. ion Manag --nr_“ |
' |

l S“""’“"P“’“"P"’"“I”“E — ] = Development of a virtual platform supporting

r F'mduquon Eagmeanngfor E-Mob_gl.g Cornr-onenw ] technology transfer between science and industry

= Enabling the implementation of research results into
innovation

= Bundling of and simplifying access to information

= Discussion forum and meeting point of expert
communities in a virtual platform

© RWTH Aachen University MIMCHEN HOUSE Seite 4
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Overview and objective of CSP3
Technology transfer portals
Conceptual and practical approach

Current state of work and outlook

© RWTH Aachen University MIMCHEN USE Seite 5
UNIVERSITY OF PRODUCTION

..0..'..'....0
. ae
& 53 R 1

s = » .

315



Technology transfer portals
Example portals from other research clusters
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Technology transfer portals
Example portals from other research clusters
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Technology transfer portals
Example portals from other research clusters
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Technology transfer portals
Different types

O

Portal Type I

e.g.: iBridge Network

Legend

Individuals

L
o

Industry

Portal Type Il
e.g.: Chicago Innovation

Pipeline

Universities/ Institutes

Portal Type 111

Technologiebirse

O DBs connection

Other technology
transfer portals

e.g.: KIT Technology Market

© RWTH Aachen University

Source: ,Supporting Technology Transfer via Web-based Platforms”,
Schuh, Aghassi, Calero-Valdez, PICMET 2013
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Agenda

Technology transfer portals

Current state of work and outlook

Overview and objective of CSP 3

© RWTH Aachen University
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Conceptual approach

Design model for technology transfer portals

— Transfer partners and goals

< Description of characteristic n

attributes of the transfer situation and
goals of the transfer

« Technology supplier based

« Technology consumer based

« Portal manager based
» Characterized transfer situation
» Prioritized goals

— Portal 1ts

Ry

“ Identification and analysis of existing
technology transfer portals

RS

o

% Identification, structuring and if necessary
expansion of the existing functions

A4

Characterized portal elements

»> Structured portal elements

1. Platform analysis
e o
e T —

4 =E===
1 e

e —

2. Design parameters

for the technology transfer portal
» Generic requirement framework

» Consistent requirement clusters

2. Consistency check &
aggregation

— Requirements —a
< Deduction of specific requirements

— Transfer object

< Description of technologies
according to characteristics relevant to
technology transfer

» Generic technology description for
technology transfer portals

reritmen

-

Charactarises ——

Technologimmaturity ==, fmm v

Degree of specialization
Demansiraiity ==
Kind of technology =

¥

of platform elements)

meeting the requirements

to a minimum complexity

— Configuration logic for technology transfer portals

< Key factors and their interdependencies concerning the portal elements (compatibility

< Model for situation-specific design of a transfer portal

< Evaluation of portal elements and their interaction with regard to their degree of

» Method to configure a transfer situation-specific technology transfer portal with regard

Source: ,Design Model for Technology Transfer Portals“, Schuh, Aghassi IEEM 2013
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Practial approach
Prototype of the »Scientific Cooperation Portal«

e “~+== m Development of a web-based collaboration portal with CSP1
— ) B Access to the »Scientific Cooperation Portal« via the cluster
-2=3- o —— — platform (nor further login necessary)

o B Diverse collaboration functions as well as access to the latest
R s TN results of cluster meetings such as MAKs or CSP-Workshops

- -_ B Main CSP3-functionality: »Technologies«

— Technology information sheet for each technology developed
= within the cluster

— User / expert profiles that can be linked to technologies

— In the future: possibility to open parts of the information for public
access

Gain transparency about the developed technologies
within the cluster, the people behind them and their
interconnections

v

© RWTH Aachen University Seite 12
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Agenda

Overview and objective of CSP 3
Technology transfer portals
Conceptual and practical approach

Current state of work and outlook
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Technology Transfer Portal
Current state and outlook

B Research and analysis of state-of-the-art concepts for
technology transfer portals

Requirements analysis

Deduction of required elements, functions and services
(rough concept of technology transfer portal)

B Successive prototypal implementation within the »Scientific
Cooperation Portal« together with CSP1

Generation of first content within the next MAK

— Technology information sheets
— Cluster terminologies

— Methodologies used within the CoE

Test and evaluation within the CoE starting from end of 2013

© RWTH Aachen University Seite 14
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Self-optimizing assembly of aircraft
shells in global referencing systems
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Keywords:
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Abstract

Volatile markets impose a significant pressure on assembly systems to handle unknown
situations efficiently. Replacing fixed jigs and fixtures by programmable robots can increase
the flexibility and reactivity of a production system. Changing boundary conditions and
process deviations need to be compensated during assembly as well as short-comings of
the robots, e.g. low stiffness and higher systematic deviations. In order to master these
challenges, self-optimization is a key technology to control robots in jig- and fixtureless
assembly. In order to self-optimize the robots’ short-comings perceptive capabilities by us-
ing metrology are required to determine the current assembly states. Global referencing
systems represent a communication standard to enable the information exchange between
the robots and metrology systems inside an assembly cell. Robots can then use the en-
hanced assembly state information to align the process to a virtual planning state during
the real assembly. Grasping forces and geometric deformations of an aircraft shell are to
be measured to allow the identification of parameters for a prediction model of the aircraft
shell deformation during assembly. This model will be used by the robots for the self-
optimizing assembly of clips and frames with compensation of deformations and for assur-
ing their correct position in the aircraft.
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Self-optimizing assembly of aircraft shells
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Increasing the flexibility through robot based assembly systems

barrel assembly

L X

Robots are not able to position large-structures precisely using only mechanics

Pictures: PremiumAerotec, FFT EDAG, Diirr

© RWTH Aachen University EN HOUSE Page 2
RN ERSTY OF Frooucon ™

Agenda

1
Global referencing systems
Perception of shell structure deformation

Research Roadmap

© RWTH Aachen University EN HOUSE Page 4
RN ERsY O Prooucon. ™

326



CFRP-shell modeling

®m Real shell
— CFRP (anisotropy)
— Integrated stringer
— Window section

® Model of metrology data ]

— Twisted at 16
measurement points

— linear interpolation at
>2000 points

— stiffness not implemented

Mathematical model

— local stiffness uses
rigid shell elements

— global stiffness
using springs

— adapted spring
constants for stringers,
frames and windows

Objective: identification of model parameters for self-optimizing process control

© RWTH Aachen University
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Deformation model of the panel

B mathematical approximation of the
panel by a matrix of stiff shell
elements which are connected by
springs

— global compliance
— locally rigid stiffness

® Compromise between accuracy and
efficiency
— Calculating the force values to
untwist a local area of the panel

component

robot

process

7Z

— Approximation of the radial U,
deformation
F, _ Ky, Kom || U,
F, Kot Koo oo Koo ) U,
F: force k: stiffness u: radial deformation
© RWTH Aachen University mﬁcHEN Hﬂ“g{: Page 9
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Versatile Assembly takes place in the real production world
and requires a close match to the virtual planning
- quck and comrolled transfer of — Approach
virtual planning the real world ® Versatile (self-optimizing) Planning

with ideal models is possible today

- Self-optimization takes place
mainly in the virtual world

Global . . L.
Reference | / “~TTTTTTTTTZ 1. Planning with deviations of real

Systems world gets complex quickly

2. ltis easier for the real units to
navigate on the planning path

Logistic "
parameters Quahty
parameters

Planning - Perception is needed

X for both approaches
| S — ! - Navigation on the path,
ta2 tian not towards a target

Global Reference Systems (GRS) gather deviations between virtually
planned paths and their realisation in the real world assembly

| Page 11
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Global Referencing Systems represent a modular
Communication Network based on Planning Data

— GRS Reference Metrology

Components und Data Flow

] Generic
Clients
Reference RGP
Metrology
Self-

reference

RGP’ Module

Local
Sensing

RGP: Real GRS-Pose
RGP’: Virtual GRS-Pose

Metrology is a part of the
infrastructure = there is no direct
link to the machines

Common coordinate system in
Production aligned to Simulation

Detection of spatio-temporal
relationships

Metrology for local sensing

Local sensing detects workpiece
deviations in the process-reference

RPK: Robot pose-correction
ARP: Adapted robot pose system
© RWTH Aachen University W@BXQ::HEN Hrj' Page 12
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Global Referencing Systems represent a modular
Communication Network based on Planning Data

— GRS Reference Metrology

Components und Data Flow

Public
Interface

=D

Nikon Metrology RGP
iGPS

Self-optimizing
model
RGP’ predictor

Force-/Light-
Section Sensor

RGP: Real GRS-Pose
RGP’: Virtual GRS-Pose
RPK: Robot pose-correction
ARP: Adapted robot pose

iGPS surveys the robots and
references signals of other
metrology systems

Assembly is required to be done
in aircraft coordinate system

Processes are mostly static 2>
no need for temporal reference

Metrology for local sensing

Force and light section sensing
detects assembly state

© RWTH Aachen University
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Global Referencing Systems represent a modular
Communication Network based on Planning Data

— Components und Data Flow — GRS Reference Metrology

iGPS surveys the robots and
references signals of other
metrology systems

D Public
Interface

Nikon Metrology RGP

iGPS . .
Assembly is required to be done

in aircraft coordinate system

Self-optimizing
model
RGP’ predictor

Processes are mostly static 2>
no need for temporal reference

Force-/Light-

Section Sensor

Metrology for local sensing

Force and light section sensing
detects assembly state

RGP: Real GRS-Pose
RGP’: Virtual GRS-Pose
RPK: Robot pose-correction
ARP: Adapted robot pose
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6D-force sensor

»
6D force-/torque-sensor

- . /T/ "
B ces-rame [

- 4

industrial robot |8

consolidated CFRP panel

® Force control

— robot movements are
controlled bye the applied
loads on the panel

— the necessary loads for a
local untwisting are
calculated by the model
of the component
deformation behavior

© RWTH Aachen University
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6D-force sensor

fixed bearing

6D-force
sensor

>

2% moveable bearing

shell

grip

® Force control

— robot movements are
controlled bye the applied
loads on the panel

— the necessary loads for a
local untwisting are
calculated by the model
of the component
deformation behavior

© RWTH Aachen University
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Optical sensor 1/4

Camera-KOS

Marker
CameraH

© RWTH Aachen University Page 21

Optical sensor 2/4

Page 22
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Optical sensor 3/4

Toql-KOS
Camera-KOS 7\ z Laser-KOS
X Dwwa c
N y y Tool H “amera
AN
\S Camera H Laser
&

H Marker(1)

GRS

© RWTH Aachen University Page 23
Optical sensor 4/4
amera H Laser
X »,?; T Laser-KOS
Camera-KOS X% 1,
X Y Laserplane
z
Camera H Markerboard(i) ) :
Markerboardplane(i)
© RWTH Aachen University Page 24
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Research Roadmap

m Shell positioning with
aluminium structure and
fixed/moveable bearing

B Screw-joining
without drilling

B Screw-joining
without drilling

m Shell positioning with
industrial robot and
positioners

m Shell positioning with
positioners

m Drill-/Riveting joining

© RWTH Aachen University
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Self-optimizing assembly of aircraft shells in global referencing systems

Thank you

® Dipl.-Ing. Alexander Schénberg

B Laboratory for Machine Tools and Production Engineering WZL
® RWTH Aachen University

@ +49 241/ 80 20 571

>< a.schoenberg@wzl.rwth-aachen.de
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Fabrication of Hierarchical Structures by
Direct Laser Writing and Multi-Beam-
Interference

Steger, M.
michael.steger@ilt.fraunhofer.de

Hartmann, C.
claudia.hartmann@ilt.fraunhofer.de

Keywords:
Direct laser writing, Multi-beam-interference, hierarchical structures, laser structuring, func-
tional surfaces
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Abstract

Micro- and nano-structuring and thus functionalization of surfaces is a key feature for
many applications ranging from light guidance devices for consumer electronics to bio-
compatibility of implants. To create the desired functionalization hierarchical structures are
often required. These structures can be considered as a micro-structure with a superposed
nano-structure.

The approach presented in this talk therefor also divides the structuring process into two
parts. The micro-structure is accomplished by direct laser writing which reaches structure
sizes down to of few u m while the nanostructure is subsequently added by a multi-beam-
interference (MBI) approach. The influence of the two subsequent processing steps on the
final structure geometry and the process limits for the generating of hierarchical structures
by this approach are investigated.
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Fabrication of Hierarchical
Structures by Direct Laser Writing
and Multi-Beam-Interference

Cluster-Conferences 2013

Michael Steger
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Motivation

E  Summary

Approach and basics of multi-beam-interference
Micro structuring by direct laser writing
Nano structuring by Multi-Beam-Interference

Hierarchical structures by subsequent structuring
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Motivation

® |Importance of functional surfaces
» Mimicking nature: Lotus effect

B Structure consists of a um-scale structure
superposed with a nanostructure

®m Hierarchical structures
e Lower contact angle
» Higher stability

® Creation of hierarchical structures

« Structure size, density of the structures
« Application on 3D surfaces (@) (b)

(a) Cassie-Baxter wetting
(b) Wenzel wetting

© RWTH Aachen University MIMCHEN HOUSE Page 2
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Fabrication of hierarchichal structures

m Approach with subsequent structuring by laser ablation
1) Micro structuring by direct writing
2) Nano structuring by Multi-beam-interference

m Sample material: polyimid foil (Upilex)

Direct Mult-
laser Beam-
writing Interference

Native surface Micro structure Added nano structure
© RWTH Aachen University mMCHEN HOUSE Page 3
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Micro structuring: Setup

Setup

B 3o - Nd:YVO, — laser
(Hyperrapid, Lumera Laser)
P=20W, r< 15 ps, 4 =355 nm, 400 kHz

m Galvo scanner (intelliSCANdel4, Scanlab)

m f-Olensf=32mm

Goal
® Small structures < 10 ym,

® Line structures with large angle y

Changed parameters

m Pulse energy, scanspeed, bursts, repeats

© RWTH Aachen University

Micro structuring: Results

® Small structures > small energy

constant burst energy

m Maximal angle without bursts y=57° 12 R e A 90
10 v 175
. . . . _— 8 [ v v b 60
- distribution of energy on several pulses in a burst E b =
S e v o 5 1%y
. . - o o o
® Energy per pulse can be reduced to still get ablation & ,[ _ lao &
b=}
m Ablated lines get smaller and deeper with increasing 2r 1%
number of pulses g
® Ablated volume is for burst ablation smaller than for s e st
depth v slope

single pulses at pulse same energy

® Maximal angle y= 65°

© RWTH Aachen University Page 5
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Basics of Multi-beam-interference

® Multi-Beam-Interference

>

Intensity modulation created by 2 or
more intercepting, coherent laser
beams

Intensity modulation occurs in whole
intercepting volume

Periodicity depends on beam setup
and laser wavelength

For symmetrical setups the pattern is
stable in the z-plane

Promising approach for direct nano
structuring of 3D surfaces

— 0,193 pm
— 0.355 pm
— 0.532 pm

Periodicity A [um]

0.1

0 10 20 0 40 &0 60 70 a0 a0

Intercepting angle & [Grad]

© RWTH Aachen University Page 6
Nano structuring: Experimental setup
] TWO beam Interference Setup telcscope beamspiitter miITOT

Nd:YAG Laser: 355 nm, 38 ns
Spot diameter: 500 — 1000 ym
results in 1D line wise structure

applied on unstructured and micro
structured samples

variation of structure periodicity by
adjusting of the intercepting angle a

beam incidence parallel and
perpendicular to the micro-
structure

B Sample material: polyimid foil (Upilex)

Unstructured/native surface
Pre-strucutured surface

spatial filter

H : half-wave plate

GP: glan prism mirror

© RWTH Aachen University
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Nano structuring: Plane Surfaces

Don
L:0.483 pm

Helght (o]

H 234 ni

3.00 4.00 5.00 6.00
Pasition [pm]

)
o
=1

m Periodicity: 1 ym; Fluence 1,81 J/cm?
B Groove: width 600 nm, depth 430nm

m Bulges at the edges of the grooves

© RWTH Aachen University Im“'l w Page 8
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Nano structuring: Fluence variation
0,180 J/cm?
Y[um] &0
004 = |ﬁ§’l‘r‘mu‘]
00 20 a0 60 80 100
Kum]
0,095 J/cm?2 Jicm2
= a0 20 40 8.0 B0 |;|.Il 40 00
- e H[um]
1HOI Page 9
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Nano structuring: Fluence variation

native surface

Depth increases with higher fluence

Maximal ablation depth per pulse

close to 180 J/cm?2

Groove: width 600 nm, depth

430nm

Native surface between the bulges

Bulges height shows a maximum at

0.131 J/cm?

© RWTH Aachen University
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Nano structuring: Fluence limit

Fluence ﬁradient

Height [

Fluence iradient

400
360
20
280
240
200
180
120

I

400  &00 800 100
Fosition [Jum]

120 140 180

®m With a reduction of structure periodicity, the process window decreases

© RWTH Aachen University
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Nano structuring

[°] [um] [J/cm?] (um]
440

10,2 1000 0,180
13,7 750 0,095 350
19,8 525 0,068 275
24.4 430 0,061 125
© RWTH AacherSQHiGy 1 2 RWTHAACHE! Page 12
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Hierarchical structures: Perpendicular incidence

Interference pattern can be
transferred in 3D surfaces

Bulges at the edges still
occur

0.0 25 5.0 75 100 125 15.0 17.5 200
X[pm]

© RWTH AacherSRHEY1 3
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Hierarchical structures: Second nano structuring

Interference pattern can be
transferred in 3D surfaces

Bulges at the edges still
occur

2D Intensity modulation
leads to a distorted pattern
on a 3D surface

Depth varies depending on
angle due to the
change

Higher stability against
folding of the structure

© RWTH AacherSRHIGy1 4 RWTHAACHEN HOUSE Page 14
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Hierarchical structures: Different periodicities

® Microstructure
Depth: 5.1 ym
Slope 42°

B Nanostructure
covers the
microstructure
completly for
1 uym —500 nm

E At 430 nm maybe
incomplete
coverage of the
flanks

© RWTH Aachen University WEHEN HDUSE ] Page 15
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Summary

®m Micro structuring with ps-bursts allows to create
smaller structures compared to single pulse ablation

m Multi-beam-inference allows the simultaneously nano
structuring of an area which size depends on the
available pulse energy

m Creation of hierarchical structures is feasible with the
following limitations:
 the nano structures are perpendicular to each other, not
necessarily to the surface

« the variation of structure depth depending on the angle
between surface and interference pattern

© RWTH Aachen University MIMCHEN HGUSE Page 16
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Abstract

The self-optimized optical system assembler requires an actuating setup to interact with
physical elements that compose the optical system itself. Such system aims to achieve a
final modular software with easy access and simple user comprehension. The development
was separated in three major processes, which also depicts layers of abstractions. The low-
est layer (less abstracted) is the interfacing process, which consists in creating middleware
responsible to provide full access from the system running the software to the peripherals.
The second layer is the integration process that summarizes in transforming the access to
hardware as separated entities to a single input/output unified system. The highest layer is
the modularization process that is required to supply flexibility and portability by wrapping
the software. An active-safety system is designed to prevent accidents that may occur in
actuating system due to the diversity of errors that such systems are susceptible. In addi-
tion, it presents error handling in all abstraction layers to assist troubleshooting. These lay-
ers are developed concurrently, and currently the Integration layer is virtually finished,
while the interfacing layer still needs to be implemented the safety system device, and the
modularization layer can only parse a simplified STEP file into the software.
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In-Mould Metal Spraying:
New production technology for
metallised plastic components
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Wunderle, J.

Keywords:
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Abstract

The material combination of metal and plastics is of particular interest to engineering be-
cause of their wide range of properties and in terms of weight saving compared to a pure
metal construction. In the field of electronics metal and plastics are used because of their
conductive/non-conductive behavior. In the housing for enclosed electronics the properties
of the metal component can also be used to improve the electromagnetic compatibility. To
coat metal on plastic components a new process the “In-Mould Metal Spraying” is devel-
oped. The technology combines the thermal spraying of metals with the injection moulding
process of plastics. In a first step a metal layer is thermally sprayed onto the surface of the
injection mould. In the second step this metal coating is overmoulded with thermoplastic
material. During injection moulding and demoulding the metal coating is released from the
mould surface and thereby transferred to the plastic part. By this process a conductor
track can be produced or a thin metal coating can be integrated on plastic components to
improve the EMC properties of the manufactured components. A first preliminary test
shows the feasibility of the new technology.
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m State of the art of metallising
plastic components

B Thermal spray process

® In-Mould Metal Spraying

m Conclusion and outlook
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Definition of Electromagnetic Compatibility (EMC)

EMC aims to ensure that equipment, items or systems will not interfere
with or prevent each other's correct operation through unintentional
emission and absorption of electromagnetic interference.

© RWTH Aachen University Page 2
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Technological progress nececciates an increasing EMC

B The number of electronic products is steadily increasing.
= Rise of the electromagnetic noise level

® The working frequencies rise and new digital techniques are introduced.
= Interference levels with higher frequencies
= |Interference level get broadbanded

m The packing density is increased by progressive miniaturisation.
= Noise receivers move closer to sources of interference
= L ow power consumption increases sensitivity to disturbance

© RWTH Aachen University Page 3

UNIVERSITY OF PRODLC

360



Methods to improve the EMC of plastic parts

Production of metallised plastic components to increase

wwwwwwwwwwwwwwwwwwwwww

the EMC
| Plastic compounds || Coating || Overmoulding/Bonding |
Metal fibre | Physical Vapor Iﬁ‘eiogition ~Metal meshes
_ _

Carbon black === =

LR

:2::Carbon fibre

[Ticona GmbH, AARONIA, HARTING KGaA]

© RWTH Aachen University m \(GHE L LUSE Page 4
Advantages and disadvantages of the presented methods
Compounds B Coating L| Overmoulding/Bonding
+ Components have 04 + Layers can be tll + Integrated process with
EMC properties | | subsequently applied [ | short cycle times
directly after.the in any thickness + Metal layer.can be
production + Coating can be used to improve the
+ Processing in applied locally mechanical properties
conventional injection
moulding
~ Low Shielding ~ Additional pre-and - LmiEd reador: ot
compared to pure post-treatment steps . design
metal layers necessary — Inflgxible
— High filler content ~ Layer application - F'nlshmg and
leAds 16 reducad leads to dimensional automation necessary
flowability inaccuracy
|
© RWTH Aachen University Page 5

361



Beam attenuation through different metal layers at 30 Mhz

g 110

100
g
= 90
%’ 80
w 70
o
© 50
= 2 Q < < <
o %, < A % 2 %
=1 [ D A& L L L
< &, % D O O )

> % % % “ “
% % % &
e
TS: Thermal Spraying
PVD: Physical Vapor Deposition [Harting]
© RWTH Aachen University mIMGHEN H{JU,SE Page 6
UNIVERSITY OF PRODUCTION

seoscsesesnsans
8 8% ©8 & o6&

-------------

Principle of metal coating by arc spraying

Wire 1

substrate
(@]
+ -
© RWTH Aachen University WGHEN HDUSE Page 7
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Interim conclusion and motivation

Context

= There are several methods to improve the
EMC of plastic components which have
different restrictions.

Objectives

= A method is developed that enables injection
moulding components to be metallised
economically and in the shortest possible
cycle time in large-scale production.

Approach

= A method based on the thermal spray
process and the injection moulding process is
to be developed.

[Harting KGaA]

© RWTH Aachen University
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Procedure: In-Mould-Metal-Spraying (IMMS)
1st mould half 2nd mould half
Metal layer
Metal spraying head _/
Plastic part

1. Open mould 2. Spraying 3. Closing mould and 4. Demoulding with

metal layer overmoulding plastic transferred coating
© RWTH Aachen University Page 9
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Advantages of the in-mold metal spraying

Different layer structures o
Possibilities of IMMS

= The surface corresponds to the defined
shape of the cavity of the mould.

= Avariation of the layer thickness between
0.1 mm and 20 mm is possible.

= Qver arange of 10 MHzto 1 GHz a
attenuation between 70 and 110 dB is
possible.

= The coating is resistant to corrosion.

Research topics

=  Which mould surface is able to release
the coated metal layer?

layer structure layer structure = Which thermal spray process
thermal spraying IMMS enables the production of such a layer?
» |s it possible to predict transferability?
© RWTH Aachen University mﬂ OUSE Page 10
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Preliminary experiments

Mould
insert

ground ground surface milled surface

surface (machine)
(manual)

Plastic
carrier
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Transferred portion of the copper layer on the plastic carrier

O far from gate

Percentage of transferred Cu  [%)]
[$)]
o

O close to gate

manual ground

machine ground milled

© RWTH Aachen University
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Next steps

Method

Material

Mould Steel

Hard layer

application

[ arc spraying ] [cold spraying] [ painting ]

(cee]

1.1730, 1.2343, 1.2312

)

PVD, air hardening, nitriding

)

tribology,
feel

EMC electrical
characteristics conductivity

J

© RWTH Aachen University
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Integrated moulding technology for the automated production of
metallised plastic parts

A) Thermal spraying A) Rotation
B) Injection moulding B) Demoulding
B i) v =
A B, _
I W W
5”-”5 Metal layer
;”-"; Metal layer coated plastic part
4 0
© RWTH Aachen University rmm Page 14
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Conclusion and outlook

= There are several methods to improve the EMC of plastic components.

= In thermal spraying coatings have a very good attenuation, but the
surface properties of the components are changed.

= Based on a newly developed process the thermal spray shielding layers
can be produced with exactly definded surfaces.

= The transfer of the copper layer depends on the surface and the
distance from to the gate.
= An integrated moulding technology is to be developed.

= The transferrability is going to be predictable using mould filling
simulation software.

© RWTH Aachen University rmm Page 15
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Abstract

Production cells are typically built up of many heterogeneous components which are con-
trolled by a central unit such as a standard programmable logic controller. Engineering of
such cell controllers is usually based on an imperative programming paradigm. All possible
decision situations are defined manually and coded offline, which is an acceptable method
for simple or fixed recurring automation tasks. Implementing complex control and adapta-
tion strategies however leads to disproportionately high engineering efforts, which incur
whenever process changes are required. The topic of the presentation is a model-based
assembly control concept. The concept enables the use of degrees of freedom during the
assembly process concerning the requests of the hardware and its reconfiguration, e.g.
gripper changes. The advantage of the proposed concept is the flexible online combination
of elementary actions instead of imperative coding of fixed control sequences. The model-
based control operates on models, which are executed online in contrast to state-of-the-art
model-to-code generation.
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Assembly Example and Motivation
Micro-Slab Laser Assembly

initial assembly state telecentric optic

final assembly state

crystal package microlens arra input mirror output mirror
Pockels cell Yy ¢
focussing lens

pump diode
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Assembly Example and Motivation
Micro-Slab Laser Assembly — Decision Situations

Starting Position Microlens Array Input Mirror Telecentric Optic Output Mirror

e

3
. Robot Proper Move to Grasp Move to RIS
; . " pod Measure-
available? Gripper? Position Lens Position
ment
Wait for Gripper Wait for Adjustment Solder ;:g::rit_ Mounting
Event available? Event OK? OK?
ment
Change . Request
Gripper AdJUSt

© RWTH Aachen University w%ﬂg Page 5

Assembly Example and Motivation
Disadvantages of Today‘s Automation

m Usually based on programmable logic controllers
Imperative programming paradigm
All decision situations manually defined and coded offline

Acceptable for simple or fixed recurring automation tasks

Disproportionately high engineering efforts in case of
implementing complex control and adaptation strategies

B Engineering efforts incur whenever process changes are
required

© RWTH Aachen University w%ﬂg Page 6
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Control Concept and Validation
Code Generation vs. Interpretation

® Model Driven Development

— Paradigm which focuses on using abstract knowledge representation in the form of domain
models

— Domain models allow the separation of the problem specification from the implementation
details

— The best known realization is OMG MDA (Model Driven Architecture)

®m Code generation
— Model-based techniques are already used in control technology
— The common way is the transformation of models into fixed control code
— Code can be executed using e.g. programmable logic controllers or industrial PCs

m Interpretation and direct execution of models
— Enabling dynamic re-planning of actions to be executed
— Changes affect only the model and hence can be implemented more quickly
— No recompilation and less testing of the software are needed
— The model is interpreted at run time and can be modified at run time

© RWTH Aachen University
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Control Concept and Validation

Model-Based Control as Superordinate Control

‘\\“;

r

® Fixed control code

®m Predefined control strategies
m Anticipated decision situations

m Whole control on PLC-level

® Online-planning
m Flexible control strategies
® Online-decisions

® Only single steps on PLC-level

© RWTH Aachen University
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Control Concept and Validation
Cell Structure

B Domain specific language

B Model elements
— Component types
— States of component type
— Component type inheritance
— Binary relations between components
— Binary relation inheritance
— Component instances

m Multiple inheritance allowed

© RWTH Aachen University
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Control Concept and Validation
Geometrical Relations

~~7 robotR1 _~~" robot R1
- -

————————————— robot R3 ,——"—_——-—__— .robot R3
1

calculation

gripper G gripper G
tool changer T tool changer T
—————— transformation information contained in the model
————— transformation calculated
© RWTH Aachen University w %ﬂ“ Page 11
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Control Concept and Validation
Elementary Actions

precondition action A SIES
system state before system state after t
performing action A action A

precondition for gripper change (incomplete)

IHasRelation(Gripper, Robot) AND HasRelation(Gripper, GripperTray)

© RWTH Aachen University w Page 12
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Control Concept and Validation
Assembly Steps

Assembly objectives

© RWTH Aachen University w Page 13
OF 0

Control Concept and Validation
Logical Structure

information flow - used models

l

© RWTH Aachen University w%ﬂﬂ Page 14
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Control Concept and Validation
Engineering Methodology

1 developing services
(coding)

service directory

actions events

modeling cell structure
(graphical)

2]

definition of component types

definition of component properties

definition of component relations

4

15

modeling assembly sequence
(graphical)

assembly step
(objective)

assembly step

(objective)

assembly step

3 modeling behavior k)
(graphical/textual) (objective)
elementary operation #
| 5 | creation of component instances "' |
| 6 | creation of assembly sequence instances |
© RWTH Aachen University w HOUSE Page 15
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Control Concept and Validation
Use Case
B |Initial state: )
Robot R3 is hOIdmg AS: assembly station
the wrong tool LP: lens pick station
H Assembly task:
Positioning of a lens
on the slab using
the gripper
® Required steps: flumination
L gg\thnamera manipulator ‘%
. @
2.ta}ke gripper gripper 3
3.pick lens =
4.position lens on big camera
slab
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Conclusion and Outlook
Model-Based Assembly Control

® Advantages
— Online action planning
— Declarative description
— Less manual coding

®m Disadvantages
— Subordinated controllers e.g. the PLC still have to be programed manually to offer services
— Use of elementary robot moving commands (linear movement)
— Modelling efforts

m Outlook

— Validation by more complex assembly use cases in order to test the computation times during
the action sequence planning

— Further planning approach for the assembly of products with a variable assembly sequence
depending on e.g. measuring results

— An automatic PLC code skeletons generation based on a service definition
— Automated model building based on hardware self-description

© RWTH Aachen University Page 18
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Abstract

Plastic injection molded parts offer various advantages regarding the weight reduction,
production costs and design diversity. However, they are not capable of offering electro-
magnetic compatibility (EMC) as the non-conductive plastic part cannot work as a shield
against electrical radiation disturbance. To functionalize injection molded plastic parts for
EMC purposes, these can be coated with electrical conductive metals like zinc. To apply a
zinc coating onto plastic parts, injection mould inserts were coated by means of wire arc
spraying and subsequently the coatings were transferred onto the injected polymer. The
mould inserts were roughened by grinding and by grit blasting using different types of grit
material. The obtained surface topography was analyzed by means of confocal laser mi-
croscopy. The achieved topography influences the bond strength of the applied zinc coat-
ing and consequently the transferability of the coating onto the injected plastic significant-
ly. A high roughness of the injection mould insert lead to an adherent coating which can-
not be transferred, whereas the coating deposited on a surface with a low roughness did
not adhere to the surface preventing a processability using injection moulding. The surface
topography had to be well adjusted depending on the hardness of the mould insert to al-
low good transferability of the EMC coating.
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Agenda
m EMC Coatings
® Wire Arc Spraying
m Surface Topography Parameters
m Surface Pre-Treatment
® Bond Strength
m Results

e B Summary
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Objective

In-Mould Metal Spraying Process (IMMS)
Thermal spraying of metals directly onto the
injection mould insert surface (carrier body)

Transfer of metal layer onto injection moulded
FRP (Fibre-Reinforced Plastic) parts
= Integration of electrical functionality
— Conducting tracks
Imnj;ﬁt;on — EMC coatings (electromagnetic compatibility)
““éc_)r_'nah_éting track

FRP (Fibre-Reinforced Plastic)
© RWTH Aachen University
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EMC-Coatings

m ElectroMagnetic Compatibility (EMC)

®m Prevention of emission and absorption of electromagnetic
waves

m Plastic parts not capable of offering EMC protection
=> Electrically conductive coating

m Materials used: Cu, Al, Ag, Ni, Zn

B Todays coating processes
[Harting GmbH & Co. KG]

— Electroplating (only applicable for ABS plastics)
— PVD (restrictions for plastic material)

— Wire arc spraying directly onto plastic part (rough surface)
= New approach:

Coating of mould insert, transferring coating onto plastic
part

© RWTH Aachen University
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Wire Arc Spraying

® Thermal Spray process

current
wire coating m Applicable for electrical conductive
materials
arc . .
l m Feedstock material: two massive or

cored wires (J1.6 —5 mm)
®m Arcis ignited between wire tips

® Molten droplets are propelled towards
substrate by atomizing gas
(e.g. compressed air or N,)

wire guides substrate
atomizing gas

m Coating is formed by overlaying splats

B Process characteristics:
— Particle velocity ~150 m/s
— Arc temperature: 4000-5000 °C
— Most economical thermal spray process

© RWTH Aachen University mlAACHEN HOUSE Slide 4
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Wire arc sprayed Zn-coating

m Coating characteristics
— Porous structure (5-15 %)
— Bond strength (5-8 MPa)
Grit blasting corundum (EKF 16)

m Applications for arc sprayed Zn:
— Cathodic corrosion protection
= Bridges
= Offshore Wind Energy Towers

= Reinforcements in concrete contacted with Zn as
sacrificial anode

— Contact area of capacitors
- EMC

© RWTH Aachen University mlAACHEN HOUSE Slide 5
UNIVERSITY OF PRODUCTIO

8 & ae
------------
.......

387



Relationship Between Roughness Parameters and Bond Strength

4 N [ )
T Ni5Al on Ti6Al4V = Ni5Al on Ti6Al4V
o 70 2 70
= =
£ o *° ® £
2 R2=0,3616 2
2 ‘ 2 R? = 10,9024
(] (7]
E E
30 > 30 >
a0 7 [umi a0 0.5 [um]
arithmetic mean roughness Ra profile slope RAq
. J L J
Rz3 T RA
7 —‘JRZZ ——Rz4Rz5 t g
A '\A /\'IV MM\ |
T

M 2 34 5

F. Bahbou, P. Nylén: ,Relationship between surface topography parameters and adhesion strength for plasma spraying”, ITSC 2005

© RWTH Aachen University 'mm Slide 6
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Surface Pre-Treatment
® Manual grinding
Grinding grit 180 SiC — Variation of grit size
6. 7 = 400 (fine)
= 80 (rough)
m Grit blasting
o.0um B — Variation of material
0. Opm 250.0 s00.0  719.6 = Corundum (spattered, 63-90 ym (F150))
= Glass beads (spherical, 90-150 pm)
Grit blasting corundum 150 = Milling
0. 0pm
0. Opm 250.0 500.0 719.6
Slide 7
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Surface Preparation — Manual grinding
®m Sandpaper grit 400 SiC

— Coating delaminates during spraying, no
coherent coating

®m Sandpaper grit 180 SiC

- Coating almost delaminates, but coherent
coating

m Sandpaper grit 80 SiC

— Adherent coating, little delamination

Bond strength has to be high enough to allow
coating to adhere to mould insert!

© RWTH Aachen University mAACHEN HmlSE Slide 8

Influence of Surface Pre-Treatment on Transferabiliy

Manual ground grit 180 SiC

Grit blasted with corundum 150 (63 - 90 pm)

Bond strength has to be low enough to allow
tranfer of coating onto polymer!

© RWTH Aachen University
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Bond Strength Test (PAThandy)

m Milling of circular notch into coating
m Dollies glued onto coating (3 per coating)
®m Coating pull off

®m Record of bond strength and failure mode
(adhesive, cohesive, glue failure)

© RWTH Aachen Universit MHAACHEN HmJSE Slide 10
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Bond Strength Test on carrier body 1.1730

® Corundum blasting (63 - 90 ym)
- Mean bond strength 6 MPa

m Glass bead blasting (90 - 150 pum)

- Coating delamination due to preparation for
bond strength test

— Bond strength not quantifiable (< 6 MPa)

®m Sandpaper ground (grit 80 SiC)

— Coating delamination due to preparation for
bond strength test

- Bond strength not quantifiable (< 6 MPa)

— breakouts

© RWTH Aachen University MMGHEN HOUSE Slide 11
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Surface Condition Before and After Pull off
1.1730 glass bead blasted 1.1730 corundum blasted

)

m Complete ® Some zinc

coating splats did not

delamination delaminate
in No adherent = Mould must

zinc splats be grit blasted

prior to further
m Topography use

seems

unchanged
_=> Mould insert

might be used

without further

treatment

Zinc splats

© RWTH Aachen University Slide 12

Surface Condition After Pull off
1.1730 glass bead blasted

fter " Roughnesé_l
M (before) |

1.1730 corundum blasted m Surface topography

T B Roughnoss influences bond strength
After & befgre) significantly
B Lower Ra and Rz do not

lead to lower bond
strength

® Ra and Rz are not
sufficient for describing
surface topography

= RAqg might show better
correlation

Zinc splats

0. Opm

0. Oum 50,0

Slide 13
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Surface Pre-Treatment — Influence of Material Hardness

0. Opm

500.0 719.6 0. Opm

Material 1.1730, 273 HV0.1 ® hardened steel (unknown), ~650 HV0.1

B Glass bead blasting m Glass bead blasting

B Roughness parameters B Roughness parameters

- Ra0.95 um - Ra0.21 ym
- Rz4.36 ym | =» Zn adheres to mould insert - Rz 1.51 um | =» No adhesion
- RAqQ0.11 - RAqG 0.09
© RWTH Aachen University RWTHAACH : Slide 14
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Results — Coating Transfer of Complex Shaped Forms
®m No surface pre-treatment!

m > 95 % of Zn coating tranferred

®m Milling tracks provide sufficient
adhesion

© RWTH Aachen University Slide 15
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Results —Transferred IKV Logo

First approach: no surface pre-treatment
(milling tracks)

Low coating thickness

=> No coating adhesion on mould insert

Second approach:

=>» Surface pre-treatment: glass beads
(milling grooves still visible)

=> sufficient coating adhesion

B > 95 % of Zn coating is transferred onto
injected polymer

m Holidays in sharp edges and corners

®m Prevention
— Rounded corners
— Parameters adjusted to geometry

Holidays in sharp edges

© RWTH Aachen University IMTHAABHEN HCH_ISE Slide 16
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Summary

m Grit blasting using glass beads (90-150 um) leads to topography which shows
good results in first tests regarding transferability

m Surface pre-treatment has to be adjusted depending on hardness of mould insert
m Achieved topography influences bond strength and consequently transferability

m Carrier body topographies (amount of asperities, slope of asperities and
undercuts) need to be described with further suitable parameters (RAq might be
promising)

m Required bond strength for coating transfer x < 6 MPa

© RWTH Aachen University IMTHAABHEN HCH_ISE Slide 17
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Outlook

Investigation of EMC properties

Variation of coating thickness

Variation of coating material (Al, Cu)

Reducing oxidation of coating by means of nitrogen as atomizing gas
Investigation of further surface topographies

Investigation of relationship between surface pre-treatment,
roughness parameters and bond strength

Identification of more suitable roughness parameter; ISO 25178
takes 3D surface texture into account

Haptic properties for “cool touch effect” (analysis of transferred
coating)

Specification for successful transferability (max/min bond strength)

© RWTH Aachen University
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Abstract

Measurement of process variables is key for self-optimization of manufacturing processes.
Within the Cluster of Excellence at RWTH Aachen University, several achievements were
made in setting up sensor systems that provide novel information on the operating points
of melt based manufacturing processes. These achievements contribute to a gradual in-
crease in system transparency which is seen as an enabler for self-optimization.

In laser cutting of sheet metal, the process of melting metal and ejecting it from the kerf
influences product quality. A sensor system for process observation has been implemented
which is coupled coaxially to the processing laser beam. This system delivers an image from
the zone of laser material interaction allowing the detection of thermal emission. The ac-
quired image of the thermal emission is used to extract surrogate criteria which can be cor-
related to process variables [1][2][3]. By this, information is gained which helps determining
process variables of the current process.

In GMA welding, product quality settles in the process of melting a fillet wire with electrical
power resulting in a specific weld seam geometry. This process can be observed by measur-
ing current, voltage and properties of the meltpool. This information is used to extract sur-
rogate criteria which are correlated to product quality.

Both works show how process measurands are used to determine process variables which
cannot be measured directly. The work on deriving surrogate criteria shows to add trans-
parency to the manufacturing processes and therefore to the transparency of the overall
manufacturing systems

Bibliography
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manufacturing processes
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Self-Optimising Manufacturing Systems — Scope CoE Conference 09/2013
Injection Molding Gas Metal Arc Welding
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Self-Optimising Manufacturing Systems — Objectives  cokE conference 09/2013

J Objective: Product Quality (PQ) LA R

® Primary Technical Quality
— Laserbeamcutting: roughness of cut-face
— GMA Welding: joint geometry

t Base Material

c
o
+— .
g Manufacturing System
< -Machine ; ; ; PQ in Lasercutting
S N ® Primary Economic Quality Foughness of
@ -Control — Rigging and Set-Up Resources Cut-Face
l‘_E — Processing Resources
— Handling Resources
— Manufacturing Duration
— Scrap-Rate
Manufactured Product
PQ in GMA-Welding
Geometry of
Welding-Joint
© RWTH Aachen University WCHEN HOUGE Seite 4
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Self-Optimising Manufacturing Systems — Approach  cok conference 09/2013

Generation of Generation of Implementation of
Process Knowledge Meta-Model Self-Optimisation
| |

Simulation Interpolation
Cognition &
Optimisation

Experiment Evaluation

—
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Self-Optimising Manufacturing Systems — Hypothesis cok conference 09/2013

m Executing control on a system where the manufaturing
result/quality cannot be observed directly

— Criterion which determines quality cannot be measured
during processing

— Manufacturing result settles after a time delay

— Transfer function from setting parameter to product quality
optimisation cannot be determined a priofi

measured
operating point

m Approach
— Provide a surrogate criterion to correlate a measurand
estimated to process variables
operating point — Enable the manufacturing system to determine the

operating point
— Optimise setting parameters

© RWTH Aachen University mﬁi«iﬁ\i ;HGU;L;E: ; : Seite 6
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Measurement of process variables in melt based
manufacturing processes

m Pulsed gas metal arc welding
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Pulsed Gas Metal Arc Welding — Application

CoE Conference 09/2013

Pulsed gas metal arc \

welding process /

Setting Parameters (SP)

pulse parameters, nozzle
distance, wire feed rate,
material feed-rate, gas flow
volume

\\

™
Process Variables (PV)

feed rate, weld pool geometry,
energy deposition per unit
length, material transfer

Highly flexible process

= — Filler material

Potential for individual
products with high-quality
weld geometry joints

+——— Wire feed unit

N

/Welding torch

Arc

e

Base material

© RWTH Aachen University
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Pulsed Gas Metal Arc Welding — Process Characteristiccok conference 09/2013

Product quality (PQ)

according to DIN EN ISO 5817

root height

Process variables (PV):
gap width due to positioning faults or thermal
distortion, material feed rate, current, voltage

Weld geometries over gap width

Gap 1.0mm

Gap 1.7mm

Gap 2.9mm

© RWTH Aachen University
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Pulsed Gas Metal Arc Welding — Experimental Setup  coE conference 09/2013

Initial situation

B [n situ sensor information for direct process monitoring are not available
— Pre — no control regarding the influences of the process
— Post — only information about postprocessing gainable

Challenges

B Realisation of a machine vision system for an online weld pool
observation for pulsed gas metal arc welding

B Implementation of optical system
®m Development of image processing algorithms

Application example Deduced information
m Spray-arc on fillet weld ®m Properties of the weld pool
® Analysed characteristics: like weld pool width (quality
— Gap position criterion)
— Wire position B Position of the torch relative
— Weld pool boundary to the gap
© RWTH Aachen University ImTIll Seite 10
Brohoter  RWTH -y ﬁ ISE UNIVERSITY
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Measurement of process variables in melt based
manufacturing processes

® Lasercutting
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Lasercutting — Application

CoE Conference 09/2013

Lasercutting for meta

Industry‘s primary process

Potential for high quality
individualised manufacturing

| e of plane freeform parts

s M \\
Setting Parameters (SP) Cutting Nozzle
laser power, feed rate, gas
pressure, nozzle diameter Cutting Gas
Laserbeam
4 \
Process Variables (PV) Sheet Metal 4 mm
focus positon,energy | | BN $09090909000 7 CutFace
absorption, gas flow, melt fim | | — | __
i X
forces, kerf width ‘_lz )
© RWTH Aachen University MMCHEN HUUSE Seite 12
oy, wame o@pe il 95 URIVERSITYOF PRODUCTION
Lasercutting — Process Characteristcs CoE Conference 09/2013
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Process Variables (PV) :

melt film forces, kerf width
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Lasercutting — Experimental Setup CoE Conference 09/2013

CPC process observation i . .
with optics and camera system Process observation in CO, Lasercutting

— 4kHz imaging system

B Process observation
E — Optical system for coaxial process monitoring
/)
[
N
\ m Detection of properties

— Thermal emission radiated through the surface plane
Laser cutting system as a surrogate for current state of the process

®m Coupling of processing beam and observation
— Beamsplitter for CO, radiation and thermal radiation
— Observation of the interaction zone

¢“|

N

Sketch of the process observation system
or laser cutting with coaxial process
control parts (CPC)

© RWTH Aachen University Seite 14
§Fnunhoie-l" TWTH ﬂe !'ﬁ.!:
Lasercutting — Measuring Process Variables CoE Conference 09/2013
Low feed rate Detecting and analysing process emission
- Low absorption as a surrogate for process variables (PV)
- _Low thermal emission o ] o ] )
B Emission establishes in interaction with
— Laserbeam properties like caustic and power
s Sinzsler — Transport properties inside the kerf (gas jet, melt)
<— Laser — Machine properties like feed rate
m [nfluenced through setting parameters (SP)
) — Feed rate
High feed rate
- High absorption — Laser power
- High thermal emission — Focus position
®m Results in product quality (PQ)
3 Emission — Roughness of the cut face
= sy — Operating point
Seite 15
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Lasercutting — Data from process observation CoE Conference 09/2013

Vf=0.9 m/min Vf=2.1m/min

Images showing the thermal emission from
the Interaction zone for different feed rates

Emiasion from the process sone for discrete feed rates
(1016_01_cov_d2_thermal_p30040_v0900)

w 1
3 v |
=
£ ol I
: s
3 ™ 1
g o [/{/

200 I

LE 3 1 "2 14 L& =
Beed rmte / imyimainy

Normalised realtionship between emitted
radiation and feed rate

Analysing acquired signals

® Images from the experiment with feed rate variation
— Increased amount of radiation for higher feed rates

B Detected emission from the cut front
— Integrated intensity on the sensor
— Error bars cover 2000 consecutive measurements

- Relationship intensity ./. feed rate shown by imaging system
—>Variation in feed rate can be correlated to intensity

© RWTH Aachen University

i Fraunhofer RWTH
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manufacturing processes
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Resumee CoE Conference 09/2013

® Measuring process variables in melt based manufacturing
processes
— Use surrogate criterion
— Bridge between process variables and measurands
— Reduce process models to allow fast numerical computation

m Self-Optimisation of manufacturing systems
— Measure surrogate criteria to gain information about the
operating point
— Use process knowledge to take the actions required to Research funded by DFG
optimise the operating point in Cluster of Excellence
at RWTH Aachen

© RWTH Aachen University
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Hyperslice Visualization of Metamodels
for Manufacturing Processes

Gebhardt, S.
gebhardt@vr.rwth-aachen.de

Keywords:
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Abstract

In modeling and simulation of manufacturing processes, complex models are used to ex-
amine and understand the behavior and properties of the product or process. Computer
simulations allow for fast investigation of a large number of alternative designs. This helps
to identify optimal designs for improving the process. However, every single simulation can
take up to several hours or even days. Thus, in order to reduce the computation time,
global approximation models are constructed to serve as surrogates for the original com-
plex models and are often referred to as metamodels. These are multi-dimensional in input
and output and often have complex parameter interdependencies and are, thus, hard to
understand. Specialized visualizations can greatly help in exploring and understanding
them. Therefore, we created an application that provides different possibilities of exploring
such multi-dimensional metamodels. We combined hyperslices with direct volume render-
ing and added further aids for better understanding. This includes navigation along trajec-
tories which are traced along the gradient of the data field to easily navigate between min-
ima and maxima. Additionally training points of metamodels can be displayed what helps
metamodel-creators in understanding their creation process.
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" \[\u Hyperslice Visualization of
~~  Metamodels for Manufacturing
- -~ Processes

$ = e |
—_—
. I—~ — r-’ '**—\:..-

= __B Sascha Gebhardt
~ gebhardt@vr.rwth-aachen.de

© RWTH Aachen University

UNIVERSITY OF PRODUCTION

Machine Configuration

® Complex configuration of machines for manufacturing processes

® Laser cutting: critical criteria like quality or speed affected by various
configuration parameters

® Planning of whole factories also
affected by criteria like speed

[www.de.trumpf.com]

© RWTH Aachen University Page 1
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Metamodels for Manufacturing Processes

® Complex models used in modeling and simulation of manufactoring processes

m Computer simulations used for fast investigation of alternative designs

® Problem: simulations can take up to hours or days

®m Solution: construction of approximation models - metamodels
—f(x):R"* > R™
— discrete sampling of the dataspace
— interpolation via radial basis function networks

© RWTH Aachen University MHMCHEN HOUSE Page 2
UNIVERSITY OF PRODUCTIO

TII YT Y YT Y ]
es s a8
-------------

How to Analyze Metamodels

®m Functions of the form f(x): R™ - R™ as radial basis function networks

[NLD] [NLD]

© RWTH Aachen University MHMCHEN HOUSE Page 3
UNIVERSITY OF PRODUCTIO
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e 80 ®0 & o8
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Hyperslices and Other Features

© RWTH Aachen University %‘Y‘Dﬁ%m Page 4

Hyperslices and Other Features

© RWTH Aachen University %‘Y‘m;%m Page 5
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Hyperslices and Other Features

© RWTH Aachen University %;‘Ylm;%m Page 6

Hyperslices and Other Features

© RWTH Aachen University %;‘Ylm;%m Page 7
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Hyperslices and Other Features

© RWTH Aachen University %;‘Y‘m;%m Page 8

Hyperslices and Other Features

© RWTH Aachen University %;‘Y‘m;%m Page 9
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Navigation Between Extrema

B Common questions: which machine configuration allows for
— fastest cuts?
— best quality?
— least energy consumtion?

>Where are the extrema of the data space?

®m Other important question: how do parameters influence another?

—~>What are the interdependencies between parameters?

m Solution: gradient trajectories

© RWTH Aachen University %agg&
PRODUCTION

Page 10

Gradient Trajectories

© RWTH Aachen University %agg&
PRODUCTION
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Look and Feel of the Application

© RWTH Aachen University EN Hm'SE
y RSy B Peboucmon

Page 12

Summary

m Visualization concept for metamodels for manufacturing processes

m Key features:
— Hyperslices linked to volume rendering
— Gradient trajectory naviation
— Training point visualization
— Direct rendering of radial basis function networks

m Areas of usage:
— Fast configuration of machines for manufacturing processes
— Understanding general interdependencies between different machining parameters
— Understanding the process of creating metamodels

© RWTH Aachen University EN Hm'SE
y RSy B Peboucmon
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Future Work

m Perform calculations on high-end backend
—>Faster calculations
—>Larger metamodels
—>Higher display quality

® Link to VPI platform
—>Persistence of observations
->Consideration of previous observations
—->Collaboration

m Replace configuration via sliders, etc. by direct manipulation
—>More intuituve and faster navigation through the data space

© RWTH Aachen University

RWTH
UNIVERSITY

Page 14
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Abstract

Flexible manufacturing processes for high quality products at low costs are one of the main
research objectives in the field of production technology. The quality inspection of large or
complex workpieces manufactured on machine tools often takes place beside the produc-
tion line. The manufacturing process is interrupted and transportation, handling and the
loss of the original manufacturing setup influence the workpiece quality. The integration of
different manufacturing processes into one machining center (MTP) ensures to be efficient
in terms of time and cost and effective in terms of minimum resource consumption. The
loss of semi finished products can be faced by an in-process geometric measurement of the
workpiece on the MTP with regard to the desired “first-time-right-production”.

Due to disturbances like machine defects or temperature fluctuations, the measurement
process is not traceable. The measurement data are not comparable and cannot be used
for a process improvement or process control.

New Approaches at WZL are aiming to assure the traceability of the inspection processes
on the production system. The fusion of appropriate methods for the traceability of CMM's
and innovative calibration methods for machine tools will allow the determination of a
measurement uncertainty for the measurement system “touch probe and machine tool”.
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Cluster Conference 2013

Guidelines for traceable Measurements on
Multi-Technology-Platforms (MTP)

Martin Peterek, ICD-C2

© WZL/Fraunhofer IPT % F raun h ofer EN
RWTHAACH

IPT

Multi Technology Platforms (MTP)
Motivation for Machine Integrated Quality Inspection

Integration of different technologies in one
production system: new challenges for
production metrology!

m Loss of semi finished products

m Loss of original clamping for a quality
inspection ,,off the line"

B Loss of process data for a process
optimization

Need for development and integration of measuring devices and development of strategies
for a holistic quality inspection management!

Objective: Traceable measuring processes on Multi Technology Platforms

Seite 2

© WZL/Fraunhofer IPT =
~ Fraunhofer %MCHEN

IPT
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Ensuring Traceability
Test Set Up: Traceability of Measurements using MTPs

Transfer of CMM methods for MT ® 5-Axis Machine Tool Hermle C800U
® DIN EN ISO 15530-4 m  Calibrated with Laser Tracer
- Cooperation with PTB
-+ Adaption of the vCMM for ® M&H IR HDR
gzﬁrel;getgol kinematic and = BLUMTC 76
= DIN EN ISO 15530-3 ®  Heidenhain TS220
- Design and calibration of standard r 1 ®  Renishaw RMP 600
for a range of special tasks |
- Selected tasks measured and
evaluated (Software) as
described in DIN k ‘ m Task Specific Analysis
= VDI 2617-11 (own Approach)
= Current research ® Integration of
+ Mid of 2013 Commercial Products

m  Specially designed standard for various tasks
m  DKD calibration certificate

[1] Henzold, G.: Anwendung der Normen iiber Form- und Lagetoleranzen in der Praxis, DIN-Normenheft 7, Beuth Verlag

= W/ZLS
= Fraunhofer FONTHAACHEN

IPT

© WZL/Fraunhofer IPT Page 8

Ensuring Traceability
Uncertainty Determination with vCMM

Simulated Uncertainty
vCMM (PTB)
Measured Uncertainty
D80* Diameter 79,9909 0,0096
D40* Diameter 40,0048 0,0042
D80 Form 0,0133 0,003
D40 Form 0,0124 0,0047
/Angle 90,0014 0,0045
Straightness A 0,0024 0,0032
Straightness B 0,0016 0,0032

Input for vCMM:
= Calibration Data of Hermle C800U (LaserTracer)
® Touchprobe: M&H, deviation of repeated calibration measurements
m Workpiece: Al, a=23,5 * 10%-6 K*-1 (u,= 1,0*10"-6 K*-1)
® Temperature data during Workpiece Calibration: 20°C

® Temperature data during Measurement: 22 °C (10 sensors)

© WZL/Fraunhofer IPT Page 10

= W/ZL
= Fraunhofer FOANTHAACHEN
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Ensuring Traceability
Uncertainty Determination with Calibrated Workpieces

Calculation of Measurement Uncertainty

0,016
— 2 2 2 2
U—k*\/uca,+up+uw+b 0.014
® u,: standard uncertainty calculated 0,012
from the uncertainty of calibration
of the calibrated workpiece (stated in 0.01
the calibration certificate) 0.008 vCMM
® u,  standard uncertainty of the mV/CS off
measurement process that is determined 0,006 - =VCS on
with i i
0,004 - -follr:e Compensation
1 - m Centermax
up = |2 =) 0,002 -
and
1 n 0 -
y=5 i=1}’i < @d) B((é& o“’& Q‘<°§ &e;
® u,:. standard uncertainty influenced Ss F é}é‘\
by the material of the work piece* >
b systematic deviation between y,
and the calibrated value X,
m k: coverage factor

* for length measurements (inkl. position, diameter): u(L) = L * JATWZ *u(ocy)? +o¢, 2% u(AT,,)?
[2] Hernla, M.: Uncertainty of coordinate measurements, QZ, 2010

[3] DIN ISO 15530 Geometrical product specifications (GPS) Coordinate Measuring Machines (CMM), Beuth
[4] DIN: Guide to the Expression of Uncertainty in Measurement, Beuth Verlag GmbH, 1995

= W/ZLS
= Fraunhofer FONTHAACHEN

IPT

© WZL/Fraunhofer IPT Page 11

Machine Integrated Traceable Metrology
Guidelines for traceable Measurements using Machine Tools

Configuration and Calibration

Configuration
of measurement

system L T m Detection of g_eometry errors of Fhe. machine tool
; (global detection of position deviation)*
Minimization of = _ S m Detection of position deviation for specific
disturbing \ == measurement task (measurement points)*
factors m Detection of geometric contact deviation of the touch
probe
Traceability * at a specific temperature point

of measurement
results

Monitoring of the measurement system

m Need for Interims-Test for measurement system's
capability

m Different approaches known from machine tool testing
seem to be capable (DIN ISO 230)

m Test has to be quick and user-friendly

Monitoring
of measurement
system

Examination of

product 3
characteristics m Standards or laser based methods in large volumes

[2] Sartori, Zhang, Geometric error measurement ad compensation of machines, CIRP Annals, 1995
[3] Schwenke, Knapp, Haitiema, Weckenmann, Schmitt ,Delbressine, Geometric error measurement ad compensation of machines- An update, CIRP Annals, 2008

= W/ZL
= Fraunhofer FOANTHAACHEN

IPT

© WZL/Fraunhofer IPT Seite 6
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Futher Steps and Absolute MultiLine System
Traceability for machine integrated Measurements

Quick Check of Machine Tools
Performance
m  Capability of the measurements
system ,machine tool"

m  Traceability for the measurement
process as a permanent reference
system

Further Developments:

m  Reference System for machine
integrated measurement processes

®  Geometric deviations of large scale
devices (gravitation, temperature)

m  Deviations of large structures
(CMMs, machine tools, fixtures)

®  Multilateration CMM:
Trackable MultiLine

© WZL/Fraunhofer IPT ?

W/ZL
~ Fraunhoftle; FONTHAACHEN

Page 15
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Can Improve Laser-Cutting
Planning Processes
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Keywords:
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Abstract

The complexity of modern production conditions demands integrative approaches in the
fields of simulation and analysis to improve product quality and production efficiency. Exist-
ing concepts of virtual production meet this need to some extent. However, problems of
application interoperability and data compatibility remain. One approach is the definition
of a standardized file format, which is costly to create and to maintain. Other approaches
avoid the need for a uniform standard by mapping data structures onto a canonical data
model. Although these methods allow for simulation and examination of individual ele-
ments, the analysis of the integrated process remains a challenge. Here, the data analysis
solutions from the field of the so-called intelligence-solutions can prove useful. Within this
paper, a use case scenario taken from the field of laser cutting is presented. Herein, the
planning for laser cutting is conducted in a modular format. A new concept is presented
that addresses the requirements aforementioned and that conforms to the principles of the
integration and examination of data. The new concept, called Virtual Production Intelli-
gence, is formed by combining the concept of virtual production with “intelligence solu-
tions” or the goal of gaining knowledge through the analysis of already completed pro-
cesses.
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Obtain Specific Process Results: Geometric Interpretation
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X
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Agenda

Laser Cutting: Planning and Examination

Approach: “Inversion of Simulation”

Virtual Production Intelligence

Summary and Outlook

RWNTHAACHEN HOUSE Rudolf Reinhard i 4
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Laser Cutting:
Planning and Examination

RWNTHAACHEN HOUSE Rudolf Reinhard . 5
UNIVERSITY OF PRODUCTION CoE Conference M l‘a
;;:"""";g: October 24t-25t, 2013

The Process ltself

= Laser cutting is a thermal separation process
widely used in shaping and contour cutting
applications

= Advantage over conventional cutting
techniques
* very fast
° very accurate
« optical tool = no wear

= Ablation process in fusion metal cutting
. * based on thermodynamics and hydrodynamics

« absorbed laser energy is converted to heat
© www.egu-metall.de which melts the material

« in the end, this melt is driven out of the cut
kerf by a gas jet

e coming out of a cutting nozzle coaxially
aligned with the laser beam

RWNTHAACHEN HOUSE Rudolf Reinhard _ 6
UNIVERSITY OF PRODUCTIO CoE Conference M l‘a
33082088032 October 24h-25h, 2013
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Modeling & Simulation

= The modeling of a laser cutting process requires the
modeling of at least three entities at the same time:
* the gas jet
* the laser beam
 the material to be cut

= Therefore, it is evident that the modeling of the following
guantities has to be accomplished as well as their
numerical implementation:
* the cutting gas flow
* the radiation propagation
* the ablation of the material

simulated beam propagation into cut kerf

RWTHAACHEN OUSE Rudolf Reinhard -
UNIVERSITY OF PRODUCTIO CoE Conference M l‘a
seoseneesees October 24t-25t, 2013

= There are, however, gaps in understanding the
dynamics of the process, especially issues related to
cut quality:
« surface roughness on cut edge
« dross formation on cut bottom
« inclination of cut edge

= Especially it is important to understand the influence of
laser parameters on those quality criteria like

Gresttn ¢ awaitr « wavelength (gas vs. solid-state lasers)

* beam shape (gaussian vs. tophat shape)

« polarization (circular vs. radial)

Top: The laser cutting process
Bottom: Its result

RWTHAACHEN HOUSE Rudolf Reinhard ™8
UNIVERSITYOF PRODUCT'ON CoE Conference M l‘a
:;:;E. .:::: e October 24th-25th, 2013
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Approach: “Inversion of
Simulation”

RWTHAACHEN HOUSE
UNIVERSITYOf FFODUCTION

Rudolf Reinhard
CoE Conference
October 24th-25t 2013

. 9
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Goal, Method and Tools

Pearson 0 D3620Z23675-06856
Speaman: 005206571 10009552
Kendal 0 0Z3H45325633006

atar

Pearsan 0 BA4MIASTEEIPET1
Spemrman 0 937 554874303815
Kendall: 0, TE8L50435029161

Peacson 0997082 T6ES05566
Spearman. 0 SIEE0T001414565
Kendall 0 B7ETEE13762018

Goal
= Reduction of number of parameters
= Determination of correlation between chosen output
(criterion) and parameters (inputs)
Method
= Sensitivity Analysis
The study of how uncertainty in the output of a model

(numerical or otherwise) can be apportioned to different
sources of uncertainty in the model input. (Saltelli et al., 2004)

Tools
= Qualitative: Visualisation by scatterplots

= Quantitative: Computation of rank correlation coefficients
(Rearsen, Spearman, Kendall) between various criteria

RWTHAAGHEN HOUSE
UNIVERSITY OF PRODUCTIO

Rudolf Reinhard
CoE Conference
October 24th-25t 2013

and parameters
TV |‘® 10

439



Current Workflow

c n Extract simulation
iml;:atlorr;l;ssesr results Read in text file
9P as text file

Data storage for
integration of
simulation results

User Interaction

Sensitivity Analysis
on simulation
results

Functional

correlation between
output and

significant inputs

Output: Input-

"Candidates” with

significance to the
analysed output

Determine
numerical
approximation

RWNTHAACHEN HOUSE Rudolf Reinhard 3 11
UNWERS"YQF PRODUC"O'\! CoE Conference m ﬁ

October 24th-25t 2013

Virtual Production Intelligence
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Related Work: The Digital Factory
N l l/ / VDI-Guideline 4499 “Digital Factory”

= Definition

Digital factory is the generic term for a
comprehensive network of digital models, methods
and tools — including simulation and 3D-visualisation
— integrated by a continuous data management
system. (VDI Guideline 4499, 2008)

© RWTH Aachen University 2013

= Aim

Its aim is the holistic planning, evaluation and on-
going improvement of all the main structures,
processes and resources of the real factory in
conjunction with the product. (VDI Guideline 4499,
2008)

© RWTH Aachen University 2013

Rudolf Reinhard

UNIVERSITY CoE Conference ul__g:lgl&j

13

October 24th-25t 2013

Role Models: Virtual Production, Business Intelligence

= Virtual Production

Virtual production is the simulated networked planning
and control of production processes with the aid of
digital models. It serves to optimise production
systems and allows a flexible adaptation of the process
design prior to prototype realisation. (VDI Guideline
4499, 2008)

= Business Intelligence

Umbrella term that includes the applications,
infrastructure and tools, and best practices to enable
access to and analysis of information to improve and
optimize decisions and performance. (Gartner IT
Glossary, 2012)

© snapfoto105 fotolia.com 2013

Rudolf Reinhard
UNIVERSITY CoE Conference ul__g:lgl&j

October 24th-25t 2013
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Virtual Production Intelligence: What? What for?

Virtual Production Intelligence (VPI)

= Definition

The Virtual Production Intelligence (VPI) concept brings
a holistic, integrated approach to the collaborative
planning of core processes in the fields of technology
(material/machines), product, factory and production
planning.

= Aim
« Contribution to the realization of the Digital Factory
 Facilitation of insight into processes

« ldentification of optimisation potentials either in virtual
or in real processes

The digital
factory s

RWNTHAACHEN HOUSE Rudolf Reinhard s 15
UNIVERSITYOF PRODUGTION CoF Confercnce 1MA @
:E LI October 24th-25t 2013
Summary and Outlook
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Summary

= Laser Cutting
* Well examined process

* However: Gaps in understanding its dynamics,
especially issues related to cut quality

= Approach: “Inversion of Simulation”

» Determine correlations between input and output
guantities

= Virtual Production Intelligence
» Definition

* Aim

The digital

facto_ry_

Rudolf Reinhard ; - 17
CoE Conference VI£
October 24th-25t 2013

Outlook

1. Web-Application
* Move from level “prototype” to next level

2. Data Integration
 Improve data model

3. Analysing Methods
\ / » Global multi-dimensional, multi-
\ / objective optimisation
\ » Domain decomposition

Numerical approximation
* Interpolation methods using neural
networks
* Validation methods (cross validation
techniques)

© www.newclearvision.com

October 24th-25t 2013
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Thank you for your attention.

Any questions?

Dipl.-Math. Rudolf Reinhard

Institute for Information Management in Mechanical Engineering
RWTH Aachen University, Germany

rudolf.reinhard@ima.rwth-aachen.de
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RHC R F
Hidden slides
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Virtual Production Intelligence: the term

| Virtual Production Intelligence (VPI)

= Definition
The Virtual Production Intelligence (VPI) concept brings
a holistic, integrated approach to the collaborative
planning of core processes in the fields of technology
(material/machines), product, factory and production
planning as well as monitoring and control of production
and product development.

= Aim
Contribution to the realization of the Digital Factory.

= Terms
Holistic: Addressing all of the product development’s sub
processes.

Integrated: Supporting the usage and the combination of
already existent approaches instead of creating new and further
standards.

Collaborative: Considering roles, which are parts of the planning
process, as well as their communication and delivery

— processes.
RWTHAACHEN HOUSE Rudolf Reinhard S 21
UNIVERSITY OF PRODUCTION CoE Conference M
seoecestenesy October 241-25, 2013

Numerical Approximation Method:

y

@ Training/Simulation Data
- Unknown Function to Approximate
- Function learned

Radial Basis Functions (Kernels hi)

Interpolating function = Sum of Kernels with weigts Wb'?

f00 =3 wh (%

RWTHAACHENHOUSE
UNIVERSITYOF PRODUCTION

[XXY) ° °
e oo . .
IERE] ° .

Rudolf Reinhard
CoE Conference
October 24th-25t 2013
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Solution Ansatz (Part 2): Meta-Modeling

Design-ot-numenicall | |

O—>

Improvementof Metsmodel |
Qualty

Planning of laser cutting
process

Experiments (DOE) cutting process
/
(a) (initial) P Points (d) Adding Points in Sparse Regions
Crestion and Extraction of N al irmati Laa ive Expl oftha | Understanding of iaser
Simulaton Data *  Basedon Simuiation Data Numerical Appraximation » cutting process
(b) simulation of a cutting modal (c) Croating & metamodal

Design Optimization of laser

Sampling of simulation data
(from Part 1)

e e.g. Latin hypercube
Interpolation Methods (RBF)
Validation Methods

e Cross validation techniques
Analyzing Methods

e Multi-dimensional
visualization

*  Global Multi-dimensional,
multi-objective Optimization

e Sensitivity analysis

e Domain decomposition

Demo: Iterative construction of the metamodel applied to 3-D Test function

RWTHAACHEN HOUS

HOUSE —
UNIVERSITYQ!:.F.’BQ.DHQ'I:I.O.I\! Rudolf Reinhard, July 315t 2013, ICPR 22 w |‘® =
Formula Editor: Make use of it
f
f—l
-(B n X;
Bg (y) f ( E(y)) l
fH(B:)) N X,
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Enhancement in wire-based laser
deposition welding

Wegener, M.
maximilian.wegener@ipt.fraunhofer.de
+49 (0)241 8904-334

Keywords:
wear, laser deposition welding, flexibility, productivity
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Abstract

Laser deposition welding is an efficient method for applying high quality coatings to im-
prove wear and corrosion resistance. However, a deficit is the limited flexibility in terms of
varying the deposited run’s geometry which is required when the filler material must be
connected optimally to the actual geometry of the base material or when maximum
productivity is requested. The research should explore whether the flexibility of the laser
deposition welding and productivity can be increased through a specific variation of the
surface power density. Up to now, modeling of this process is not possible because the
material flow is highly unsteady in time and place. Reasons therefore are the unknown
properties of the molten pool through the unsteady temperature field and thus varying
viscosities, the influence of the gas pressure of the shielding gas and sublimation and
chemical reactions. A major goal of this research proposal is to explore this process in an
explanation model and to examine correlations to the process parameters.

Bibliography

Klocke F, Brecher C, Wegener M, Heinen D, Fischer B, Do-Khac D (2012): Scanner-based
laser cladding. In: Proceedings of the 7th International Conference on Photonic Technolo-
gies. Furth, Deutschland, 12.-15. November 2012
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HURTRLE Enhancement in wire-based laser
deposition welding

Cluster-Conferences 2013

= Fraunhofer
IPT Dipl.-Ing. Maximilian Wegener
Fraunhofer IPT
Aachen, den 24. September 2013
© RWTH Aachen University MIMCHEN H[]USE
UNIVERSITY OF PRODUCTION
Motivation

Costs due to wear

A

Source: Deutsche Edelstahlwerke (2008), Fotolia, Wéltien Gruppe

© RWTH Aachen University MIMCHEN H[]USE Page 1
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Motivation
Wear protection and repair

Reduction of wear due to
coatings

B [ncrease of life time

® Reduction of costs an
resources

Breakdown due to damage
of the part

®m Exchange of the “spare
parts”

B Repair due to targeted

Thermal spraying Deposition welding material‘s deposition

For high quality and expensive parts a good wear protection and in case of part's damage a
repair is usually appropriated.

Source: Linde, MTP Metalltechnik

© RWTH Aachen University

Page 2

UNIVERSITY (

Technical Approach for coating and repairing

Laser deposition welding

Laser beam

Deposited

run Wire

Process principle of laser deposition welding

Cross-section of a deposited run

Advantages compared to conventional
deposition welding

m High precision due to little and local
energy input

®m High coating quality due to low dilution of
filler and base material

Needs — Increase in efficiency for laser
deposition welding

B |ncreasing of the processing speed
®m Improving of the process stability

m Variation of the deposited run‘s geometry

© RWTH Aachen University

Page 3
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Scanner-based laser deposition welding
An innovative process for large-scale deposition welding

N ) Process characteristics
Mirror
m Use of a laser scanner with mirrors for
Laser scanner moving the laser beam
Laser beam ® The width of the molten pool can be
adjusted by the beam deflection

Wire Capability
B Increase in productivity

m Flexibility concerning varying deposited
runs’ geometry

Shielding gas
Molten pool

Deposited run

The process is supposed to combine the known advantages of laser deposition welding and an
increase in productivity and flexibility.

© RWTH Aachen University N[WWE { N

Page 4

Process analysis of scanner based laser deposition welding
The extension by a laser scanner causes deficits

No Connection Deficits
® An empirical process layout does not

afford a homogenous connection and
affects the quality of the deposited runs

B Small stochastic fluctuations of process
parameters lead to changes in deposition
results and process interruptions

— Connection
— Cracks
— Pores

Cross-section of deposited runs

Up to now, a stable process control for laser deposition welding with an adjustment of the
deposited run’s geometry is not possible.

© RWTH Aachen University mUHIWE . 0L

Page 5
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Adjustments of the process control for minimizing the deficits
Specially aimed modification of the surface power density

«— A
,_______; ______ Motion of the
' . i laser beam Low power
1 1 !
- Wire feedi
! "
: High power
1 -
' I :
1 . :
:_______l_______l Low power
1
— A
Process determining parameters Resulting quantities

m Surface power density
— Laser power

— Focal spot's shape/size ® Quality of the deposited runs
— Laser beam’s position/deflection

m Work piece feed rate

B Geometrical parameters
(e.g. wire’s position)

m Deposited run’s geometry

— Connection
— Heat affected zone

© RWTH Aachen University Page 6

Agenda

Introduction
Target and research hypothesis

Scientific approach

© RWTH Aachen University
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Enhancement of the of the process borders of laser deposition welding
Problem and target

m A stable process control for laser deposition welding with
an adjustment of the deposited run’s geometry is not
possible up to now

m The effects and interactions for deposited run’s origin in
response to the modification of the surface power density
have not been clarified

®m There is no model to explain the deposited run’s origin
with unsteady surface power density

m Development of a inductive, analytical-empirical
explanatory model for deposited run’s origin
— Explanation of causes and effects in submodels
— Synthesis to an explanatory model

Scientific target

© RWTH Aachen University mIMGHEN H{JUSE Page 8
UNIVERSITY OF PRODUCTION
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Enhancement of the of the process borders of laser deposition welding
Research hypothesis and research questions

The deposited run‘s geometry can be adjusted by specially aimed modification of the local

and temporal surface power density. This enables the increase of the procedure‘s
flexibility and to produce a homogenous and little dilution.

—~————

— Research question 1 — 1 Research question 2 —  Research question 3 —

Which physical How can the surface How can the surface

mechanisms cause and power density be power density be

determine the flow of the controlled to achieve a controlled to achieve a

material? specific geometry of the homogenous and little

deposited run? dilution?

© RWTH Aachen University mIMGHEN HBUSE Page 9
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Agenda

Introduction

Target and research hypothesis

Scientific approach

© RWTH Aachen University 'WMCHEN H{]USE Page 10
UNIVERSITY OF PRODUCTION

..OOCC.DIDODOU
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Inductive, analytical-empirical modeling
Explanation of causes and effects in submodels

Description in submodels The specific
Level of reality

m Melting behavior

® Heat input Melting Chemical —
behavior reactions .

B Dynamics in the molten
pool

‘ | Dynamics
Synthesis to an 7 in the
molten pool
explanatory model

inductive

®m Knowledge-based and
robust process layout

Plasma
dynamics

® Variable adjustment of the Ablation
deposited run’s geometry

The general
Level of model

© RWTH Aachen University WCHEN HOUQE Page 11
UNIVERSITY OF PRODUCTION
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Development of the submodels

Experimental investigations of the process determining parameters

Experiment

Process parameters

(
=)
£ '% m Laser power
g‘ E m Focal spot’s shape and size
5 m Laser power
_E‘ ®  Focal spot’s shape and size
§ m Laser beam’s position/deflection
ac ®  Work piece feed rate
2 _ ® Laser power
E g m Focal spot’s shape and size
9 g— m Laser beam’s position/deflection
= ® Work piece feed rate
G © v "
S E m  Wire's position and
[a) -feeding speed
© RWTH Aachen University MMCHEN HOUSE Page 12
UNIVERSITYOf PHODUCTION
Deductive enhancement of the process borders
Draw of conclusions basing on the explanatory model
Model based enhancement The general

of the process borders

B Process robustness

m Quality of the deposited

runs
B Productivity

Disturbance

quantities
Process Resulting
parameters quantities
—: —
s
Process
-  ——

deductive

Level of model

The specific
Level of reality

The use of the model is supposed to increase the productivity and flexibility without reducing

the advantages of laser deposition welding.

© RWTH Aachen University
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Enhancement in wire-based laser deposition welding
Summary

Laser deposition welding

m Advantages compared to conventional deposition welding
— High precision due to little and local energy input
— High coating quality due to low dilution of filler and base material

® The use of a laser scanner is supposed to combine the
known advantages of laser deposition welding and an
increase in productivity and flexibility

® Up to now, a stable process control for laser deposition
welding with an adjustment of the deposited run’s geometry
is not possible

Scientific approach

®m Inductive, analytical-empirical modeling by the explanation of
causes and effects in submodels
— Melting behavior
— Heat input
— Dynamics in the molten pool

®m Deductive enhancement of the process borders by drawing
of conclusions basing on the explanatory model

© RWTH Aachen University Page 14
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Value-oriented layout planning using the
Virtual Production Intelligence (VPI)
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Keywords:
Factory Planning, Layout Planning, Virtual Production Intelligence
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Abstract

In the context of a continuous globalization of economic activities, producing companies
are facing growing market dynamics. This leads to shorter technology and product life cy-
cles and a growing diversity of variants, caused by the production of customer individual
products with smaller quantities. Due to this competitive environment, factory planning has
to focus on value-adding activities. To realize a "value-oriented factory planning", the im-
pact of decisions has to be known prior to and during the planning. If these mechanisms
are well known, the specific planning project can be adjusted to the ideal ratio of costs and
benefits.

Layout planning plays a significant role in factory planning, as it must integrate previous
planning results and defines the later production structure on a very detailed level with a
long-term impact on the building. In order to integrate the concept of value-oriented fac-
tory planning in the planning of production layouts, a layout assessment approach using
the “Virtual Production Intelligence” (VPI) platform is presented. Key aim of this layout as-
sessment approach is to measure an existing layout, which can arise from an existing facto-
ry or a layout planning project, and provide information about its “fit” in regard to produc-
tion targets and boundary conditions of the specific production.
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Value-oriented layout planning using
the Virtual Production Intelligence
(VPI)

Cluster-Conferences 2013

Kai D. Kreiskother
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UNIVERSITY
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Producing companies need to adapt their production strategy

frequently to remain competitive

- . > Environmental changes Frequent (continuous)
Dynamic in sales figures/ quantities and turbulences adaption of production

Increase of customer individual

Shorter technology and
product life cycles

products with smaller quantities

© RWTH Aachen University MMCHEN HUUSE Page 1
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The adaption of production is realized in factory planning projects

sEEEE BB EE G
CEE BB
FEERFBBERSBEERIBEE RSB
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EEEBEREEB 64 LT e NI OEE SRS REBE RSB
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EEgnee
. Establishment ) . o EEmEaEss
Setting of S a;)f tshe © Concept Detailed Preparation Monitoring Ramp-up srasssss
objectives project basis planning planning for realization realization support Wik

Frequent (continuous)
adaption of production

Structure planning
Dimensioning of resources
Production control
Logistics Layout planning
Information flow /
Communication 4 /

5
[
‘
.

Layout planning is a key task in factory planning as it integrates and combines results which partially
have been developed independently before

© RWTH Aachen University

Layout planning?

In scientific theory... In industrial practice...

A n_a

MinTF = lp * Z SN FarDpxXyrXy (1)

fm] jm] km] =]

it i

> X;=1 foralli=l.n 2
J=1

Z,\}f =1 forallj=1..n )

Xy=1 if facility is located/assigned to location *”.
Xy=0if facility not loca assigned to location *f7,
F.. ie the flaw hatwesn nwn fasilitioe i and I

Key question: What is the value added by a (changing) production layout? |
Source: Koopmans TC, Beckman M (1957) Assignment problems and the location of economic activities. Econometrica 25:53-76;
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An in-planning integrated layout assessment helps the planner to
pursuit a value oriented planning

varant 2/ new —ee] m Assessment of layout variants

regarding their impact on the

achievement of the production targets

(cost, quality, time)
- variant 1/ existing . .
C wew ‘ ® Taking into account

— Companies (strategic) production targets
Sagen

— Boundary conditions (Lot sizes,
guantities, processes, technologies etc.)

= J

Drehen

Schleifen

m Holistic approach assessing different

domains

— Logistics
— Transparency

variant 1/ — Changeability

existing — Communication
variant 2/ =
new Costs  Quality Time — etc.
© RWTH Aachen University MIMCHEN HDUS Page 4
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Five fields of action have been derived from the identified
requirements for a value-oriented layout planning

Fields of action

Requirements

Description of production targets

Pursuit of the added value through layout planning

Considering the individual targets

Description of boundary conditions of production
of the production \

' Description of assessment domains
‘&‘ Description of layout properties

Considering the individual boundary
conditions of production

Provide an objective assessment and project over-
arching benchmarking

Assessment of production layout

Page 5
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The layout assessment is realized by comparing the layout with an
abstract ideal layout using “assessment domains”

Description of current layout m——e

Description of layout properties

— Description of ideal layout

Description of production targets
Description of boundary conditions of production

Description of assessment domains

— Assessment of production layout

Determine fit between theoretical ideal and current Vg{(‘g’&%g
layout and impact on the achievement of production .
= variant 2/

targets

Costs  Quality Time new
© RWTH Aachen University MIMCHEN H{]USE Page 6
UNNERQTY Uf:olfiipp; l(z-l.]p. L]
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The specific ideal layout is described abstractly using assessment
domains based on production targets and boundary conditions

— Production targets

Quality

Adherence to
delivery dates

Operational

Change costs Lead time

costs

Invest costs

|, Boundary conditions of production

|r Description of ideal layout using assessment domains

UNNEBQTY D‘FIOEE(IJQD; l(z-l.]p. L ]

-------------

© RWTH Aachen University MIMCHEN H{]USE Page 7
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The ,current” layout is described using assessment domains based
on object positions and orientations

—  Description of layout properties

Object positions V“ Object orientations

Open space Visual axis between Representation of Buffer in visual range
between objects objects the process of source and sink.
VR I

Description of current layout using assessment domains

© RWTH Aachen University MIMCHEN HOUSE Page 8
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The assessment approach is integrated into the Virtual Production
Intelligence (VPI) platform at RWTH University

Virtual Production Intelligence (VPI)

Factory
planning

Avrtificial
intelligence

Semantic
technologies

Process

planning

Immersive
visualization

Resource
planning

Computer
Engineering science

© RWTH Aachen University MIMCHEN HOUSE Page 9
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immersive layout

Demonstration case: Layout assessment will be integrated into

planning tools

3D model

Re-integration of changes
in 3D model (e.g.

positions)

Factory planning desk

aixCAVE

B Immersive, intuitive factory planning by integration of
— Factory planning desk
— aixCAVE

— VPI platform

Visualization of the factory scenario in the aixCAVE by
real-time-connection with the factory planning desk

Enrichment of the factory model with additional
information distributed by the VPI platform, e.g.:
— Object properties
— Material flows
— Layout assessment

—  Object properties
Material flows

Layout assessment g

Manipulation of factory scenario (e.g. position or
properties of machines) in the immersive environment
of the aixCAVE.

Re-integration of changes into the data models of the
factory planning desk and VPI platform

© RWTH Aachen University

pmm = =~ ®m Models that were created with factory planning desk
@ can be displayed in the aixCAVE (360° Virtual Reality
4 3D)
VP! platform m  Realistic review of proportions and visibility
RWTHAACHEN HOUSE _ Pagelo
UNIVERSITY OF PRODUCTION
el i et 1

Outlook

Work packages for the next months

WP |: Tool integration

m Boundary conditions

Real time layout data

VPI platform

Calculation of
key figures

Factory planning
table

Costs  Quality Time

WP lll: Development of holistic software solution

Visualization of planning data in 3D layout
(enrichment)

Assessment of different layout variants

Real time transfer of changes in visTABLE model to
changes in aixCAVE

Readout of data from VPI platform for the application
in the VR model (virtual planning cockpit)

Costs
Invest 85% —
L ey —

Change
;
Time = !

Lead time
Delivery dates
Change time [ 771

3D projection

2D layout on touchscreen

Assessment dashboard

© RWTH Aachen University
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Value-oriented layout planning using the VPI
Summary

B Producing companies need to adapt their production
MAN more frequently. Thereby, they have to focus on value
N adding activities to ensure economic efficiency.

o — ®m To pursue a value orientation in layout planning,
_ planners need comprehensive and significant feedback
regarding the impact of their decisions

B Feedback instruments (e.g. key figures) need to take
into account individual (strategic) targets of the
production as well as individual boundary conditions.

® The approach will be demonstrated using the VPI
platform for data integration and exploration.
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