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4.1 Final publishable summary report

1. Executive Summary

The main objective of MuProD project is the devetemt of a new Innovative Quality Control
System that will drastically change the currentcapt of End Of Line (EOL) quality control, going
beyond currently established methodologies suchSiassigma and SPC. It will prevent the
generation of defects within the process at sirsjfgge and the propagation of defects between
processes at multi-stage system level. This Quéldgtrol System will be proactive, offering three
different solution strategies to avoid End Of Loefects:

1. Elimination of the predicted defect through adjustin of process characteristics by
proactively intervening on the inputs to the precgsocess parameters, etc.),

2. On-line reworking of the product in order to elirata the defect,

3. On-line workpiece repair through defect eliminatairconsecutive process stages.

With the aim of achieving this concept of the ptogec quality control system solution, the
Consortium has identified and planned the follon8wgentific and Technological Objectives:

I. To definethe MuProD Quality Control system with respect to external intelligent sensoring and
inspection techniques, intelligent external acttgtononitoring and prognosis models, integrative
correlated multi-stage solutions and proactive mdrapplied to the real-lifdJse Cases that the
project will cover.

II. To integrate intelligent and synergetic sensors for in-process multi-data gathering ana
process inspection techniques for product multi-data gathering into the productichain. And to
develop an Information Sharing Platfarto integrate the carried out developments into rmmon
platform

[ll. To develop intelligent external actuators to adjust the process depending on the process
variations, compensating deviations in real time.

IV. To develop monitoring and prognosis models for process/fixturing/machine level that
integrated will predict the defect in the procesd| prevent the defect generation by in-process
control and will be integrated into the operatidanming/execution.

V. To develop new integrative solutions for proactive quality control in correlated multistage
systems to prevent the propagation of defects ¢oetid-of-line by on-line rework and product
deviations compensation.

VI. To develop a proactive control to offer three different solution strategies atqass stage level:
process characteristics adjustment, reworking i@pgeng of defective parts.

VII. To construct Demonstrators in three Application Domains, integrating the teclogical
developments for demonstrating in real-life Usedsabe applicability of the MuProD approach.

The combination of these technologies (called atehd of the project as the ZERO DEFETCT
MANUFACTURING METHODOLOGY: ZDM2) has made up a uensal system able to be
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integrated into different production processesfdgsibility has been demonstrated in machining and
assembly processes at both macro and micro predalds. The integration of the in-process Quality
Control system into the production chains will rmize the amount of defective part production,
increasing process capability in mass productiod,equivalent reduction of defect amount in small-
lots and customized product manufacturing. Applicatdomains in the project have included
emerging strategic European sectors such as thdugtron of electrical engines for sustainable
mobility, large-part manufacturing for the wind pewsector and the production of customized
micro-intravascular catheters as high value medioadiucts for the aging society.
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2. Summary description of project context and objectives (not exceeding 4 pages).

Traditional quality control methodologies, such & Sigma (used across the manufacturing
industry as a way of improving processes throughsifstematic removal of defects) or SPC (method
of monitoring a production process through the eiseontrol charts) methodologies among others
are currently used in mass production. Their maawback is being End Of Line methods, as they
are based on off-line inspection of defective patguusually carried out at the final stage of the
manufacturing chain, having already accumulatedhal possible defects of the production chain,
and lacking the ability of acting as in-process liquaontrol systems. Consequentially, if a fault
occurs in an early step of a long process chamymaber of subsequent operations are performed on
the defective work piece, which consume resouroesgenerate waste but do not add value. Once
the defect is detected during end-of-line testihg,defective product can only be recycled.

Traditional quality control and Six-Sigma approazhshow poor integration of the information
gathered from sensors with process and system kdgetbased models. Traditionally, only simple
data sets are processed to obtain black-box marfedsacterizing the process response under
variations of the process conditions and paramefBngse models do not help in presence of
unexpected disturbances on an item-to-item basispily enable to forecast the impact of known
process deviations on the production of defectiems. These tools are typically used post-process
for identifying “out of control” process conditioreg off-line to identify proper process capability
Improvement actions.

Many developments around adaptive techniques ang loarried out to adjust the process inputs to
meet final requirements, but these solutions daada into account the system level dynamics, thus
they do not offer solutions throughout the manufang chain.

Industry is demanding solutions to avoid End OfeL{izOL) failures, solutions able to predict the
defects before they are generated and solutionmoediately react and act over the generated
defects when they are detected, without having & wntil the final stage of the manufacturing
chain.

Industry has to face manufacturing targets thatemen more challenging when they have to deal
with new complex products of bigger/smaller sizar@de of new materials and with more severe
quality requirements. To this purpose, industrgesnanding new flexible technological solutions to
enable the on-line inspection of such productscesithe only use of time-consuming off-line
inspections performed by CMMs (Coordinate Measurgnvachines) is not economical any more.
These measured data must be the base for the generimodels that can predict what will happen
in the process.

Small-lots producing companies are requiring newaligg control techniqgues and methods that
instead of being based on process capability cdar{igapd for mass production but not so applicable
for small or unitary batches) are based on newemscadapted to their needs.

Industry cannot achieve these solutions themsealves in-line-metrology controlled processes are
not available on the market and require a highreféd interdisciplinary engineering, design,
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modelling and programming activities to be devetbp&/'hereas up to now manufacturing industry
has been working on the process and machine optiemsor implementation of different methods
and monitoring systems, no on-line and in-procesagiive quality control system exists yet.

Therefore MuProD system will solve the current tettions that are observed in classical Six Sigma
approaches:

1. In-line, in-process control is possible but onlynslering one process signal at a time
and very simple statistics on this signal (meananae, range).

2. Six Sigma does not incorporate process adjustndriag the execution of a process,
being limited to process monitoring with very siméedback, such as “the process is in
control or out of control?”

3. Six Sigma does not consider the possibility of udahg intelligent adaptable fixturing
systems.

4. Workpiece based monitoring (Statistical Quality @ob) is only implemented by using
post process product inspection, therefore the prede is not used as an in-process
sensor and defects are not predicted and prevented.

5. Statistical Quality Control only relates to featwbose specifications are dimensional
(diameter, hole length, surface roughness, etcepntigtric features cannot be tackled
with SQC approaches.

6. On-line rework via interaction with the machine tohis nowadays impossible.

7. Currently available on-line defect repair policigs not include product repair through
compensation at downstream correlated processsstage

8. The analysis of the impact of local defect managenpelicies on the global process-
chain logistics, quality and economic performarscedampletely neglected

Technological advances in sensoring have enablge hariety of process signals to be gathered
real-time during the process execution at extrerhé@i acquisition rate. The main open scientific
and industrial issue is how to synthetize suchrbgeneous, multi-source, multi-scale signals data
for advanced proactive process control purposesvadays, no solutions to this issue are available
on the market. However, high speed computing psmresare available, thus enabling advanced
models to be integrated on-line to proactively drprocess control. Thesvolutionary MuProd
Quality Control system framework provides the tools to gather and fuse the different process
signal patterns, to predict the generation of defects basing on the coupling between these
signals and in-line workpiece geometry metrology data and to proactively control the process

to prevent it to generate the predicted defect. It will be a universal solution adaptable to erént
size batches, from mass production to small-latsneo unique customized parts.

In mass production contexts, high throughput isiregl, and therefore repairing the product on-line
may negatively affect the production rate of thetem. In the MuProD framework, repairing items
in line is performed by means of two possible awgiqi) rework the part in the same clamping by
interacting with the machine controller or (ii) adfing the process parameters at the downstream
correlated stages to eliminate the defect. The &éiction entails a re-processing of the part at the
machine thus affecting the process cycle time,eMfie second action only entails the adjustment of
process parameters at the downstream stages, walypuficantly affecting the process cycle time,
thus it is directly applicable also to mass produrctontexts.
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Concerning the first option, in MuProD the decismmthe convenience of reworking the product on
line is taken coherently with cycle time constrajnwith the overall system logistics dynamics and
after an evaluation of the economic benefits ofdpad rework. Clearly, on line product rework

increase the machine cycle time and may affecptbduction rate of the system. However, if the
machine where rework is operated is not the batlknthe effect of product rework on the

production rate may be very minor, while havingreag positive effect on the product quality, thus
making in line rework convenient. In the MuProD nfrework such decisions are taken by the
process-chain analyser that estimates the econboooaenience at system level of local rework
decisions.

Summarizing, the MuProD approach allows povevent defective parts production and
propagation instead of identifying defective items after thegvd been produced, thus allowing
drastic increase in the process capability, als@rioall batches down to “one-of-a-kind” customized,
make-to-order products. The innovations broughth&market by MuProD with respect to existing
solutions are highlighted iRigure 1.
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Figure 1: Vision of MuProD Project
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Three industrial end users have participated inpitugect with the main goal of carrying out the
demonstration activities througReal-life Industrial Use Cases from three Application Domains
(AD). The Application domains include emerging tac European sectors such as:

e ADI1, MuProD Industrial Case Study |I: Assembly chain of an €electrical drive for sustainable
mobility.
The partner responsible for constructing this destrator has beelRobert Bosch GmbH.
e AD2, MuProD Industrial Case Study Il: Precise large-part machining of components for
the gearbox of windmill-building industry.
The partner responsible for constructing this destrator has beerGamesa Energy
Transmission.
e AD3: MuProD Industrial Case Study IIl: Sustainable Micro-production of micro-
intravascular catheters as high value medical productsfor the aging society
The partner responsible for constructing this destrator has beeBNK1, Srl.

The demonstration of MuProD results has the foltgnaims:

1) To integrate the MuProD system into current production plants, in real-life situatioiws
demonstrate their validity and use for nearly zeéetect productive processes.

2) To focus the research activities on sogpecific and emerging sectors of the European
industry.

3) To focus the research tasks to those Industrial Ceses from the very beginning of the
project.

4) To definethree demonstration scenarios for applying the breakthrough MuProD system for
proactive Quality Control system foonstructing three respective Demonstrators.
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3. Description of themain S& T results/foregrounds

The research activity in MuProD has been tackledhfthe WP1 to the WP6, being the distribution

of WP as indicated in the next schema:

WP1: Specifications of Use Cases and Industrial Applications

A 4

\ 4

A 4

A 4

\ 4

WP2: Synergetic sensor
and inspection systems

- Process data gathering
sensors

- Product inspection
techniques

- In-line measuring

- Information sharing
platform

WP3: Process/machine
models formonitoring
and adjustment

-Multi-resolution/multi-scale
data fusion.

- Cognitive systems

- Sim. model development
- In-process monitoring

- Proactive control

- Process stability region

- Process optimization

WP4: Intelligent fixturing

-Design & development
- Control development

- Laboratory testing

- Measurement

WP5: New integrative
solutions for proactive
Quality Control

- Correlation Modeller

- Process-Chain Analyzer

- Validation and Testing

- Production/Inspection Planner
- System Level Defect Manager
- Set-up manager

WP6: New process-chain
oriented workpiece repair
solutions for zero defect
propagation

- Classification of defects
- Evaluation of product
repair alternatives

- Parameter adjustment at
downstream stages

- In-line rework

Process Level: Zero Defect Generation Multi-stage System Level: Zero Defect Propagation

MuProD solutions

N

AD1: Electric drives
Automotive sector

AD2: Huge parts
Windmill sector

AD3: Micro parts

WPT7: Demonstration and field testing Medical sect
edical sector

WP8: Dissemination and Exploitation of Results

WP9: Project Management

- WP1 aimed to identify the specific features and chiréstics of the three industrial Use Cases and
to define the requirements for the MuProD proactjuality control system.

- WP2 aimed to identify and develop synergetic procesta dyathering sensors and innovative
inspection techniques for product inspection. irelexperimental data measurement was carried out.
An Information Sharing Platform was developed.

- WP3 aimed to develop process/machine models for mongoand adjustment that based on
different data analysis techniques (statistical emghitive systems) developed predictive models for
zero defect generation at process level.

- WP4 aimed to design and develop intelligent clampimgfieturing offering new innovative
features such as to adapt themselves to the regemts and needs of the process and part.

The first part of the project, namely WP1-4, focusaly on one single process stage, which can be
assumed as isolated from the rest of the produstystem. And the developments go directly linked
to the prevention in the generation of the defdatzontrast to the previous WPs, WP 5 is the first
one that takes into account the multi-stage bel@wd the production systems and therefore the
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interaction between the different processes. Thhe, regarded process cannot be treated
independently of the other process stages any riibeework in these WPs are directly linked to the
propagation of defects during the different stawfabe process.

- WP5 aimed to develop new integrative solutions for tevelopment of the proactive Quality
Control solution at multi-stage system level foradefect propagation.

- WP6 aimed to develop new process-chain oriented wedeirepair solutions, classifying the
production defects, evaluating the repair altevesti defining the parameter adjustment and
determining if rework is or not feasible.

- WP7 addressed demonstration through the integratiopre¥ious WP developments into the
manufacturing chain and subsequent validation tiitand overall assessment.

The results of each of these WPs are described now:

WP1: Specification of Use Casesand Industrial Applications

In this WP, the MuProD Consortium has analysedhhee industrial cases and has defined in detalil
the Use Cases of the three Application Domains. Speeific characteristics and features of each of
the use cases have been identified, characterib#gigcommon features as well as the features that
are specific only to one or some of them. Besitles,current process and production chain have
been analysed, in order to establish the referpoc# and values that will be used at the end ef th
project to measure the results obtained with MuPsolDtion.

With this vision, in this task the following actiles have been carried out:

» To define common and specific characteristics lierdifferent use cases.

» To define the reference process capability or dgfemduction of the different use cases.
» To analyse the main features that most affect tbegss and final product.

» To define the aspects to be improved to achieve*defect” production.

» To characterize the defect causes in the diffdsiet Cases.

= To define the actions to be carried out in ordeadtwate on the defect prevention.

The main outcome of this first stage was the dediniof the requirements and characterisation of
the defect causes of the current manufacturinggsses that will be applied to the three specific
MuProD Application Domains.

After the collection of data, the MuProD Consortibias tackled the following activities:
» To define the requirements for the MuProD proactjuality control system to be developed:

Requirements associated to the intelligent andrggtie sensors.
Requirements associated to in-process inspectabmigues.
Requirements for the Information Sharing Platform.
Requirements associated to the data fusion models.
Requirements associated to the simulation modelgrémgnosis.
Requirements associated to the sensorized intelligeuring.

ok wbhR
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7. Requirements associated to the integrative systenpsoactive quality control.
8. Requirements for the feed-back control systems.

» To specify the hardware systems to be developed.

» To specify the software interfaces for connectimgjvidual models and new technical solutions,
covering also the programming languages, softwaigineering methodologies and software
tools for developing collaborative working enviroants.

» To define the specifications for the information dets that are underlying in the MuProD
Information Sharing Platform.

= To define the normative and standards that the ®IDFProject will adopt and extend in the
technical Workpackages when building software agnegating the different prognosis models.

This activity supposed the basis for sharing d#ifértechnological points of view and for reaching
common understandings within the consortium abdoeiMuProD concept.

Finally, in the future, the MuProD concept of agutive quality control solution will be applied to
innovative industrial scenarios, which are not cedeby the three application domains (AD) within
this project. Thus, the European industry will depezero defect production chains for industrial
manufacturing end users that will go far beyondagwing the performance and productivity of
current production systems. In order to reach tigesds two major subtasks were completed in Task
1.3.

The first one dealt with implementing the MuProteyn into other industrial scenarios. Therefore,

it was necessary to define characteristics andifeatof a generic MuProD solution with a universal

architecture. By analyzing the three AD their comnetements were used to define the structure for
a generic AD, which is able to describe all indastproduction systems. Basically, it was about

creating a template for AD and using this tempésdoasis for a universal MuProD system.

WP 2: Synergetic sensor systems and techniquesfor innovative in-process data gathering

In this WP the requirements of the synergetic amdlligent sensors for process signal or product
data gathering for the three Application Domainsengefined. The gaps in terms of sensor and data
gathering process to meet zero defect manufactumitige processes considered have been identified
and the appropriate inspection techniques and serswve been developed, tested and selected.
Finally, a new software tool (namely tHaformation Sharing Platform (ISP))for efficiently
collecting, distributing, processing, compressing archiving the huge amount of data collected in
real-time by the MuProD process signals and megsottata gathering system was developed.

WP3: Processsmachine modelsfor monitoring and adjustment

In this WP Monitoring and prognosis model have bdewveloped. These models are based on data
from product, process, fixture and machine and thiglyallow to prevent defective part generation
through efficient operation planning, inline prog@sonitoring and proactive control. In detail,
* Innovative techniques for integrating multi-scalaylti-resolution data provided by different
sensors (coming from the WP2) have been developed.
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* New tools have been developed in order to recocistine geometry of the machined surface
and to combine this model of the machined surfaitle @ontrol charting to quickly react to
unwanted changes of the machining process.

e Multibody models have been developed including ihieraction until the mechanical
behavior and the control algorithms in order taagbthe required fixture.

* A mechanistic model and some experimental anahgie been developed in order to get the
cutting coefficients characterization.

* Modeling tools and sample models that would laterused (in WP5) as the basis for the
proposed test-generation methodology has beenajmackl

« A proactive control strategy has been developedsising of process-signal-based and
workpiece-signal-based controllers which keep tloeegss stable and the workpiece feature
within certain tolerances.

* A methodology to analyze the R&M performances abaplex system taking into account
also ageing effects have been defined in this thkls methodology has been applied and
validated on a selected case study; in particllar AD3 has been selected as the most
suitable for the purpose.

WPA4: Intelligent Fixture

All the tasks of this WP4 had two different focuskat have been analysed independently: large
parts and small thin-walled parts.

Large parts

In this task, the activity was focused on the Apgiion Domain (AD) 2, the industrial case of

GAMESA and two different adaptive fixtures have meeveloped, taking into account the different
phases of the machining process. Each of the @stircludes some active elements which will help
to adjust the part related to the machine. Moreowgth some control algorithms, these active
elements acted properly in order to adjust the piede with the required tolerances.

Small thin-walled parts

The mechanical and mechatronic design of the actasmping devices (with PZT actuators inside)

and of the fixturing system prototype has been deted. FEA model and analysis, together with a
preliminary mechatronic simulation have been cdroet to prove the systems against mechanical
requirements (stiffness, frequency, strength,).

WP5: Development of new integrative solutions for proactive quality control in correlated
multi-stage systems

Task 5.1: Correlation Analyser: modelling qualityrelation in consecutive process stages.

In this task a tool which is able to analyze theeation between deviations of a workpiece feature
for different process stages of the productionesyishas been developed.

The most suitable tool identified for quantifyingose relationships is the cross correlation fumctio
from stochastic mathematical theory. It is a powlerhethod which allows identifying similar
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behavior in two signals and it is easy to impleneend requires few computational effort at the same
time. A special case of the cross correlation fimncis derived for calculating the correlation imde
This value is obtained for each pair of measurgdads and can be displayed in the correlation index
matrix. In that way, it is possible to illustrateet correlations of all measured signals within a
production system or sub-system in just one mafrhe calculation of the correlation index and
consequently of the correlation matrix has beenempnted in Matlab as a GUI application, which
is able to analyze data collected in the MuProla ditucture. This software is called ‘Correlation
Analyzer Tool'.

As a result, it can be noted that the proposecetadion analyzer is a general tool and set of natho
that can be applied to very different and evenuwently unknown future industrial scenarios and
production systems.

Task 5.2: Process-Chain Analyzer: integrated qyalind production logistics model of the
correlated multi-stage manufacturing / assemblyesys

In this task an integrated method for capturingdyieamics of the workpiece flow in order to predict
its performance measures in the fields of workpigeality, production logistics and economics has
been developed. One output of Task 5.1, namely ghality correlation structure between
consecutive process stages, forms part of sevemeders and variables that have been considered
as inputs of the model derived in Task 5.2. Theeio8ix factors are the duration of each process
stage, reliability and maintainability models, #atity of time and/or part buffers, inspection tsne
and efforts, quality control feedback informatidomis and costs.

The accuracy of the analytical methods developedhf® Process Chain Analyzer in Task 5.2 has
been certified in Task 5.3 by integrated modeldation and testing.

Task 5.31Integrated Model Validation and Testing

The methodology and requirements from its suppgrtools were defined in WP1, the testing-
knowledge ontology on which the tool is based wagetbped in WP3 and the expert system itself
was implemented and tested in this task.

The methodology includes several adaptations dimtigces that have been successfully used in the
general domain of Verification, Validation, and fieg of Engineered Systems. The testing tools
have not been used before in the domain of proolugiiocess testing, and we have shown that their
success in simulation based hardware could be tegh&are as well. The model-based aspect of the
technology has been developed and in task 3.5. Merfecused on the test generation process itself.

The test generator's objective is to perform syd@nal functional testing. This mainly focuses on
testing the integration of components that areymesl to have been already independently tested.
The approach taken for this is transaction-basstthte— i.e. the testing of the production systgm b
simulating "orchestrated" scenarios that each weslmultiple components in the production
system. The test generator generates large numbetsch system transactions. In general this is
done with random generation — but the random bigtion of the transaction properties is biased by
the tool's internal testing-knowledge and can bdrotied by the user through test-templates.
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These test templates are written with a languageigded for test specification which is
automatically adapted to the terminology of theteysunder-test through the testing-knowledge
ontology.

The test template is one of several sourcesoabtraintsthat the test generator must conform with.

Other sources include the testing knowledge inatf®logy and the requirements coming from the
system architecture itself. The core technologydusethe test generator is constraint-programming
which enables it to model and solve large condirpioblems as can be expected in the test
generation task.

The methodology has been integrated and develapetd ENKI use case.

Task 5.4: Production /Inspection Planner: Servieedl compliant integrated production /inspection
allocation and planning

The goal of this task was to develop a packagedhsists decision making for the allocation and
configuration of inspection machines in a manufacty system where both production and
inspection machines interact for the quality condfgarts. The dynamics of the production logstic

and quality are taken into consideration in the eflgyment of a systematic methodology for
production/inspection planning. This aims to imggdthe current industrial practices where similar
decisions are often made based on rule of thumb. this purpose a framework that can
communicates with other packages in MuProD to perf@ quantitative analysis of optimal

inspection planning tools is developed.

Task 5.5System Level Defect Manager

The main goal of this taskwas to develop a general framework for the integraedlysis of a
production system by considering the impact ofsiesy level policy on both the production logistics
and quality performances. The package includegréifit modules that enable this objective. These
interoperating functional modules are the defimtiand representation of system level defect
manager based on individual stage level policy, #red adaptation of Process Chain models to
characterize the system policy and quality contamifigurator. In order to optimize a system, this
package of modules iteratively invokes the Proc&sain Analyzer, which was developed in Task
5.2, and analyzes the impact of alternative quatignagement action policies. This analysis aims to
evaluate different configurations including bothsembly stages, processing stages as well as
inspection stages dedicated to the measurementodligt features under feasible and alternative
defect management policies. The overall goal of ftaenework is to optimize these alternative
solutions and reach a system level optimal polayef given production system.

Task 5.6 Set-up Manager

The main goal of this task was to develop a ropustiuction scheduling method in order to handle
sequence dependent set-ups with the objective mimaing makespan or tardiness. The developed
algorithm is related to a robust production schedumethod that should preserve its feasibility
upon verification of unexpected disturbances, ueetgd processing time and unexpected setup
times, that are common in complex, time consumimgilti-stage production processes. The
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technique that is adopted is a simulated annealiggrithm programming that enables including
inherently uncertain characteristics of the proauctscheduling problem within the problem
formulation.

WP6: New process-chain oriented workpiecerepair solutionsfor zer o defect propagation

Task 6.1: Defect Classification in View of their Mdgement

The main goal of this task was to develop a clesdibn method and framework for the detected
defects in view of the possible actions for théfeeive management. This framework considers as
possible options the following alternative scensirio

* no intervention,

e scrapping and

» workpiece repair.
A first evaluation schema between these alternativas proposed that compares these actions
considering as criteria the impact on the procéssgnclogistics, the value of cumulated processing,
the workpiece value and possible damage risks damdtream equipment. A tool to compare and
rank the options was developed in Matlab. The defges identified in the three ADs were mapped
according to the developed framework considerirgy gpecific technical feasibility issues of the
different actions.

Task 6.2: Evaluation of alternative methods to repafective workpieces

According to the MuProD approach, several defeahagament actions are possible if a defective
workpiece is identified: no reaction, scrappindin@ rework and downstream repair. Each one of
these alternatives has an influence on parametée evorkpiece and multistage production system,
like the workpiece cost, the rework duration, teeverk cost any many more. In this task, a cost
function taking into account all of those param&t®as developed in order to solve a minimization
problem that identifies the best rework option ass(smallest cost value of all alternatives).ths
number of alternative rework operations is knowme global minimum and therefore a global
optimum can be found. After applying the identifieglvork operation to the plant, a parameter
adjustment of the cost function weights is donethWlithis task, a prototype version of the software
performing the steps described above was implerdeintéatlab. The prototype uses defect lists
identified in the three AD in Task 6.1.

Task 6.3: Defect repair through proactive parametdjustment at the downstream stages

The main goal of this task was to develop a metioodlownstream deviation compensation. The
Enki case was not suitable for this kind of defeeinagement policy as the tubes cannot be repaired.
In case of Gamesa, the cross correlation analymawved that there are no significant correlations
present between different process stages, so tvatsiream repair was applied only to the Bosch
AD. As deviations in the magnetic field of singletar stacks were created in the previous process
stages (upstream) by the magnetization processhanstack properties, the goal was to compensate
those deviations by applying an optimal strategytha downstream assembly stage, where SP
laminated steel stacks are assembled to form oiwe. rdwo possible downstream compensation
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methods were investigated in detail for the eleatiives production, namely sequential assembly
and selective assembly.

data base

controller -
defect | l
OeCurs | ¥

Process 1 Process 2 Process 3 Process 4

Figure 2:Basic principle of downstream compensation

Task 6.4: Proactive control for instantly reworkinfworkpieces in the present clamping

This task aimed at developing methods for repaidefective workpieces clamped in the current
process stage. It was based on the productionmsyatalysis and defect analysis done in previous
tasks and work packages. The main idea of inlimerk is that both, inspection and correction take
place in the same process stage. The prerequiditésas that the relevant workpiece feature can b

measured and corrected in the current process. Sthgerestricts the choice of possible processes i

the three AD. The main focus of this task was orlADd AD2 as no repair is possible in AD3. The

tubes produced by Enki cannot be corrected if diewia in the geometry or material properties are
detected. The only feasible reaction to deviatisrscrapping the tube.

defect sensor data

|::> workpiece :::>
- Ar

— > +—> machine —| DB
set-points P = machine data k

process

N

controller

Figure 3: Inline rework means that the defect is detected and ctadein the same process stage.



MUPROD

WP7: Demonstration and field testing

The objective of the demonstration activities ha&erb to validate the technological solutions
gathered in WP2 to WP6, integrating the technoklggievelopments into the three Industrial cases.
Since the 3 industrial pilots showed different eleéeristics, the way that each development has been
implemented has been different, but it has provenApproach to Zero Defect Manufacturing by
applied research.

Task 7.1: Production of electrical drives for elécdl cars BOSCH

Improving the material efficiency in the productiof electric drives is necessary as the electric
automotive sector is growing very fast. In AD1, a&thod for early defect identification and
downstream compensation, which allows defect reéolicaind consequently waste reduction, is
presented. This reduces the waste motor partsr (stdoks) and decreases the amount of rare earths
to be recycled. A new inspection device (the séedatlemonstrator) was developed that allows a
space-resolved in-line inspection of single rottacks as well as assembled rotors, in the same
inspection station. This inspection device wasizedl as a demonstrator system. The inspection
results were used as input for the downstream cosgti®n methods, selective and sequential rotor
assembly. Both methods combine stacks that arefdaterances in such a way that the final rotor is
within the specified limitations. Thus, low qualiparts form a high quality assembly without having
to scrap stacks and magnets

The MuProD solution in this case has included foktall the development of a new sensorized
system to measure the magnetic field of the magnetsder to launch the Downstream Repairing
solutions in next stagesi@ure 4).

Figure 4: New tests bench and measurements of correct magnetic field in magnets

The downstream compensation identified methodsdcbealsummarized as follow: Inline rework of
the rotor can be done either by rotating and sprtite stacks or by replacing defective stacks. In
both cases space resolved measurements of the ticdggie are necessary.
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Figure 5: MuProD-controller structure for the magnetization process with corresponding tasks.

Two main strategies were investigated in detailXbrl. The following table gives a short overview
about them.

Strategy 1 Strategy 2
Rotor assembly with inspection Rotor assembly with sub-processes
single s single |::> |:"> I::>
stacks g stacks 1 2. 3. 4
F final rotor
= £ =
@_ﬁ |::> I::>% |::> % é final rotor
— — — = B DE
ﬂﬁ scrap 9 C -  S— —
(out of ! ;
ot — tolerance) [nsp o=t wolinsp Je--t b [Tinsp. et - insp. e
(in mluer:;ce) @ E
Rework effort | Disassembly necessary No disassembly necessary

Table: Comparison between Strategy 1 and 2
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Task 7.2: Demonstrator AD2: Machining line of sratl production of windmill gear-box large-
sized components, GAMESA

Gamesa’s application domain corresponds to the faatwing of small-lot large-parts (i.e. planet
carrier) for the gear-box of wind-mills, for the vd power sector. Ever increasing energy demand
and the search for “green energy” is leading tomtlamufacturing of windmill towers able to produce
higher power, demanding taller and higher size aomepts requiring new high added value and
lighter materials/cast iron. Apart from the currdefective production that these high part prodycin
companies might have, the manufacturing of partdana new materials increases the defective
operations and therefore defective parts

The inspection of large-sized parts is a veryaltitask mainly due to the size and the high amount
of geometrical points that shall be measured. Atdtate of art although some developments have
been carried out to inspect the geometry of patidewthey are located on the machine, manual
measurements are carried out in several criticaltp@f the part in order to control any defective
measurement.

This task, presents the AD2 Demonstrator devel@pede task 7.2 “AD2: Machining line of small-
lot production of windmill gear-box large-sized cooments”, which is one of the three tasks that
Work Package 7 - Demonstration and Field testinghpreses. Starting from the universal
technological advances and digital tools develdpettie research tasks, specific software instances
and technological solutions have been developeamtder to integrate them in the demonstrators of
the AD2, to prove the effectiveness of the propdsadvations in the windmill technology industry.
The main result is the set-up of a demonstratiapetion system for the sustainable zero-defect
production of large-sized gear-box components apeyander the MuProD concept.

This report describes all the work done in task TRe developed technologies that have been
validated in the Gamesa industrial case and shavdte demonstrator can be summarized in:

Figure 6: Implementations included in the Task 7.2 in the AD2
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Model based process/machine simulation

The main goal with this result has been to developadvanced integrated simulation models to
capture the interactions between the machine aedwabrkpiece in traditional manufacturing
processes.

New software, named Dynpro, has been developedinwitie project. This software integrates
advanced mathematical models whose outputs likeutteng forces are obtained immediately only
introducing non-complex input parameters like theorgetry of the tool or the material of the
product.

The main goal of this task has been to developdaareced integrated simulation models to capture
the interactions between the machine and the weckpn traditional manufacturing processes

To reach these goals, the following activities hbgen performed in this activity:

. | dentify Operationsand Toolsfor AD2

Taking into account the operation description piledi by Gamesa, critical operations and tools were
identified in order to focus the model developmentAD2 user case. A brief resume of the most
representative operations, tool and materials s@septed in the next table.

Materials GGG70L, ADI900, ADI1000, Others
Operations External Turning, Boring, Internal Twmayi Threading, Milling
Tools CNMA, CNMG, ..., DNMG, RCMT
. Define the M echanistic Force M odel

Geometric model and coefficients characterizatiestst adapted to different materials, tools and
operations.

. Softwar e utility development

Utility tool for rapid calculation of the output durning operations: cutting forces, expected
maximum and mean roughness, torque and power cqtgumsStability analysis.

. Machine & Tool characterization tests

The First approach allows to predict and identisflection as an error source and minimize
vibrations analysing machine-tool system.

The next section provides guidelines followed dgriime demonstration in Gamesa. On the one hand
the application of the results obtained in Task @4the development and integration of process
models in a real case of Gamesa production systesmperformed.

In the demonstrator the four modules of the Dynpodtware (static, dynamic, deformation
monitoring) were validated. The validation stepsave

1. Firstly a simulation of the process is conductedlentify the optimal machining conditions
(depth of cut, cutting speed and feed rate for egmbcific operation). As a result of this
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simulation cutting forces during machining will bbtained.

2.
3.

Process stability is simulated to evaluate theipoig of chatter in the operation.
Deformations caused by the previously simulatetirayiforces will be evaluated.

The machining operation was conducted following ¢baditions recommended by DynPro.
Cutting forces during machining were evaluatedh®/rmonitoring module. If the predictions
were not adequate cutting parameters could be raddi obtain a zero defect operation.

Finally, by measuring once machined workpiece,atyravaluate the accuracy of the models
and the correctness of the predictions. A repogeiserated by DynPro with the results of the
simulations.

MEPE®D

User: Guest [sSimutation: Simulation2 |Date: 17-06-2014 |

Process: Tuming
Operation: straight luming

Level of finishing: medium

Geometry:
Tool
Mame Type Mame
DMNMG1 10408 rhombicss POHNL-11 rhombicSs

Material: Nodular-peritic cast iron (SG) (ps=1350)

Cutling parameters:

Cutting parameters
apfmm] 125
D{mim] 100
[tmm/rev]: [0.25 Flmmmin]: 318
ve[m/min] l4p0 Sipm] 1273
RESULTE
Forces Prsbved
z . ==
5 .. 1 = 2|
x £
| e o st e et b a2 Jxe
RN T T"a:'mf}.:% T 3 '| ' Yool '
[ Power k] ]
gt [Poaer 28 ]

oo
. — T , 1

20 Che

Figure7: Example of report obtained by Dynpro st
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Adaptive and smart fixturing system

On the WP4, two different fixtures were designed tftie machining process of the planet carrier
G8X, depending on the part zone to be machineds @&tdaptive fixture has been designed for the
Phase 2, as it is the most critical one in termeeqtiired tolerances. In this case, the fixturetbas
center the planet carrier relative to the cuttingl twith a maximum diametric run-out of 10um
measured in the central hole of the planet cara®r can be seen in thigure 8

Figure 8: Acceptable run-out of@0um for machining in Phase 2

Set-up of the part on the fixture

According with the specifications obtained in poas project tasks the intelligent fixture was
manufactured and assembled. Result it is showedeapigure9.

Figure9: Intelligent fixture set-up

It has to be pointed out that part positioningrisaal due to the few millimeter gap existing besn

the actuators and the part. Hence, actuators aeeted to the minimum so a non-desirable contact
risk is reduced.
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Figurel0: Part positioning and the gap betweendhwiator and the part

Set-up of the fixture on the machine

In the case of Gamesa, the planet carrier G8X ashined on a Pietro Carnaghi vertical lathe with
pallet system. Due to the pallet system, one panmt loe set-up while the other one it is being
machined. Then, the pallet would turn around aedother part would be machined.

Figurell: Pallet operation
Demonstration

On the previous task, the three actuators have bealuated individually. However, in order to

center the part, there have to be a movement ithtke directions as it can be seen in the diagfam
theFigure 12

Figure 12: Spindle movement vs part displacemdatiom
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As it can be seen in the previous image, the abgds to move the center of the part (PC) to the
machining operation center (MC), with a precisiaglolv 10pum. However, it is important to be
aware that these equations present the theoreticakment of the part. Thus, these equations
simplified the real movements since they do not tako account two physical phenomena:

» Actuators do not applied the displacement forcé ait exact gap between them of 120°
* There is not just a translation movement of the, fpaut a rotation as well.

Due to these reasons, in order to obtain a pamm@lent below £10um, an iterative process has to be
followed. This alignment iterative process is shdwe the diagram of theigure13.

PART
ALIGNMENT

Part
pesitiening MACHINING

Measurement Out of
gauge range?

ITERATIVE

PROCESS

CNC
Correction values

PLC -PC
transference

Actuators
movement

Figurel13: Allignement iterative process

Multi sensor system and information sharing platfdtSP)

The monitoring activity has been focused in theiagn from nominal diameter during the boring
process of the planet carrier. The use of extezeasors (hydrophone, touch probe, dynamic sensor)
and internal signals of the machine, have alloveedetermine a relation between the tool wear and
the features of these signals. These kind of mongdechniques and diagnostic systems could be a
vital way for automation in the future.

In order to efficiently collect, process and sttire huge amount of data collected in real-timewa ne

software has been developed, called the Informa&iwering Platform. The ISP is a central software
tool for collection, storage and analysis of manffecent measurements and to apply analysis
methods on this data. Data sources can be serstens; machine controls or other software tools.
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As a result, the ISP links together most of thelyam® and control tools developed during the
MuProD project.

Figure 14: Integration architecture of AD2

In order to select, develop and evaluate the mastopriate sensors, experimental tests have been
executed to gather real process and product datésimdustrial case.

The experimental tests and specifically the sigaald data acquired during their execution have
allowed the achievement of these objectives:

- To support the correct election of sensors aspdction techniques.

- To validate the feasibility of sensors and insipedechniques.

- To optimize the process parameters.

- To obtain data for the adjustment and validatibtihe models to be developed.

Automated geometrical inspection of parts

As it has been told before, the machining procésiseoplanet carrier is divided in two phases, whic
are due to the change of orientation in the pathEorientation means one quality control actioth an
one machining operation. Their quality control igdied in automatic or manual. Every beginning of
series has an automatic measuring control of ed&sey which validates the machine setup.
Afterwards every control is done manually by themedechnician performing the machining process
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by means of calipers and manual measuring tools. éfforts in this task have been focused in
investigating the improvement and substitution frmi@nual to automatic 100% control.

The measurements have been carried out using @ptidclass model with Trimek’s high precision
Gantry CMM (coordinate measuring machine). For thsk have been performed different test to
asses:

* Accuracy
* Repeatability
e Multi resolution

As we explain before there are two types of con@matomatic and manual. The first one performs

measurements of cylinders, inner and outer and plositions with respect to a general reference. In

the case of the manual process it only performsmtbasurement of the cylinders themselves as the
operator doesn’t have a general measurement reEeeenhe is using manual tools.

Figure 15: Setup configuration

The main achievements in this task can be sumnthiize

» The repeatability of the equipment isub in production environment.
= The tendencies of the measurements results aréacdns

= Master part concept is viable

= Possibility for 100% control of phase 1 and phase2
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Task 7.3 Demonstrator AD3: Micro-production of neigntravascular catheters as high value
medical products for the aging society

The work conducted in this Task 7.3 focuses ondémonstrator AD3 in terms of their objectives
inside the project, its development and, especitdily main results achieved by the consortium.

Within the MuProD project Enki had identified 2 aseof intervention:

1. Active die with 3 control loops
a. Loopl control and management of active die
b. Loop2 dynamic control of parameters during extrnspyocess using in line geometrical
measurements
c. Loop3 off line manual control of geometry. Possipito set up manually parameters directly
on loop 1
2. Inline black spot inspections with cameras

Regarding the first activity, after simulation aedgineering of components it was possible to
develop the active die.

o Characterization and calibration of thermocouptes®ited in the Active die

HAN

Figure 16: Calibration of the thermocouples

o Off line and in line testing in Enki

o Engineering and manufacturing of the mechanicabkg@in and die) necessary for the extrusion
process
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Figurel7: Mechanical parts of the active die

o In-line tests to check mechanical active die fuortdi

Concerning area 2, after analyzing the proposedtisal within the WP7 the trials started, first in
the Lab and then in line on the extrusion lines.

= Active die with 3 control loop







Figure 18: Sensorized Muprod active die and the different control loops

The initial tests on the viscosity control carriedt with the aid of the active die were not very
satisfying therefore within WP6 we further studted problem and a new solution was advanced. It
was decided to develop a smaller pin and die amtbioa new session of trials.

The tests continued within WP7 and the resultsheyeind of the project were excellent.

= Black spots control with cameras

Figure19: Cameras solution — in line test

During WP7 tests carried out highlighted the neitggs implement changes and calibrate the
system allowing us to improve the results.

The results hereafter were shown during the lasttimg and completed also this second area of
intervention.

1) Materials: improved knowledge for more efficient tube prouoe

2) In-linecontrol of black specksand gel:
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Hefore MuProD After MuProD
* From 20to 100% bassd on qualtty * 100% cortrol
Delayed control {hours or days) .
= +100/150% over-productionto ) iﬁﬂ:giiﬂﬂnhn Repagabion
compensats defsctive pant
* Mo real-time information « Real-time waming (negative drifts)

Rozss lewel : Iz o Defect Generaton
Quality improvement: 30% Tests and implementations will continue.

3) In-lineviscosity control by means of the active die:

- No real-time information - In-line control of thebe thickness
- Delayed corrective actions :D - Possibility to atgisring production
- Defective production

As the main conclusion, it can be highlighted thatresults have been very promising and the Enki
will be able to improve its finished products qbali
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4. Potential impact and the main dissemination activities and Exploitable Results

Potential impact

The main result of the project is the innovativeogmtive Quality Control System that will
drastically change the current concept of End QfelLguality control, going beyond currently
established methodologies such as Six-sigma and. $RE involved end-users will be able to
implement a “zero-defect manufacturing” solutiooirtheir production system at different levels,
that is, at one-stage process level as well asudti-stage production chain, so that MuProD has
grouped the Impacts by Application Domains and togpction levels:

1) Impacts of MuProD results in the manufacturing lofea mass production line of electrical
drives for electrical cars, at different productlemels forEuropean Automotive Industry.

2) Impacts of MuProD results in the machining lineacgmall-lot production of large-sized parts
for the gear box of windmills, at different prodiact levels for European Windmill
Industry.

3) Impacts of MuProD results on the micro-machining amcro-extrusion of customized micro-
sized catheters, at different production levelssoropean Medical Industry.

4) Environmental and Social Impacts associated to MDA?Project along the manufacturing productic
processes.

1. Impacts of MuProD results in the manufacturing lié@ mass production line of electrical drives
for electrical cars, at different production levids European Automotive Industry.

Nowadays 12-15 millions of automobiles with combwstimotors are produced in Europe. In the
future it is expected that a rising percentaget@up0% in 2020 world wide) of these automobiles
will be sold with electrical power train machin@sild hybrid, strong hybrid, EV). To keep the
main adding value within Europe, the industry needecured production method for this product
which is a new class or product. So far it has néeen manufactured in the expected amounts
and quality requirements, thus the current manufag way is not appropriate for it and
therefore new methods have to be developed.

The major manufacturing costs correspond to the afomaterials (copper wire, lamination stack,
spindle) while labour costs, energy, etc. are miribhne single manufacturing steps join
components to each other into step by step moreplexmassembled parts. The disassembly
process, due to defect production, without matéoss becomes very difficult. After the complete
manufacturing process, almost nothing can be redylshck into production for reasonable costs.

Therefore, the earlier an error is detected higimeount of material costs are saved. State of the
Art is the “End-Of-Line” testing which leads to &gldinancial and productive loss. Realistically,

it can be assumed a production volume of 1.000p206 p.a.. Cost estimations show a total loss
of 0.5%. Manufacturing cost of each of the elealrimachines is about 500€. So, if 80% of the

loss can be reduced, then a cost saving of appet&lyn2Mio€ per year could be achieved. The

expected effect is increasing due to the increageaduction volumes over the years



MUPROD

2.

4.

Impacts of MuProD results in the machining lineacmall-lot production of large-sized parts for
the gear box of windmills, at different producti@vels forEuropean Windmill Industry.

Today, technical solutions for the sustainable safé production of large-parts for windmill of a
power of 4,5MW in the market. Up to now, the higheswer that windmills could produce is
2,5MW. The increasing demand for higher power nettes manufacturing of larger-sized
products. Therefore, the use of lighter materiadégeded and thus new high added value cast iron
is demanded. The main drawback of the manufactusingigher size products made of new
material is the complexity of the machining proctsg causes extremely high product variability
and defect rate in the different operations. Iis tAD, the MuProD consortium will tackle this
problem with the proposed technological and methamical innovations and will deliver an
integrative quality and process control solutiomtthvill stabilize the process enabling the
sustainable production of such added value products

Impacts of MuProD results on the micro-machiningl anmicro-extrusion of customized micro-
sized catheters, at different production levelsHoropean Medical Industry.

Today, technical solutions for the sustainable potidn of micro-catheters with diameters in the
order of 0.1-0.2 mm are not available in the markée smallest micro-catheters that are on the
market feature diameters down to 0.5mm an@niCGhickness. The main drawback is the
complexity of the process that causes extremeli pigpduct variability and defect rate (up to
80% for d=0.2mm). In this AD, the MuProD consortiumill tackle this problem with the
proposed technological and methodological innovatiand will deliver an integrative quality and
process control solution that will stabilize th@gess enabling the sustainable production of such
added value products. The impact on the healthhef ageing European society will be
tremendous, since medical technologies to cureiquesly uncured diseases will be given to the
market. The manufacturing process for producinge“ah a kind” customized and single use
micro-catheters consists in three main processstagsequence, two of them dedicated to the
production of the customized micro-extrusion diacformilling and micro-EDM) and the last
operation dedicated to the micro-extrusion of thétrmaterial multi-layer micro-catheters.

Environmental and Social Impacts associated to MuProD Project along the manufagjuri
production processes.

* Impact on resource reductioithe integration of MuProD into production chaindlweduce
the resource consumption in the different manufagguchains due to:

o The reduction of defects and therefore defectiveera;

o Components will be usable in disassembly processiding material waste
generation;

o The machining process will be optimized, and thass Iresources used (cutting tools
and coolant).

* Impact on resource reductioffime reduction and resource reduction have a highact on
the energy consumption, so the integration of M@Psolution into production will reduce
the energy consumption.
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Use of alternative energy sourcéihe application domains of MuProD project enhatiee
production and use of “green energy” sources, liadute “green-house” effects.

Impact on life saving and diseases prevention/cufée sustainable production of
miniaturized micro-catheter will permit to coveethurrently uncovered peripherical regions
of the human body (40%) where currently uncuralelsedses take place (strokes, intracranial
aneurism). The treatment of atrial fibrillation (il is an excellent example. AFib is a
common phenomenon that is often underestimated.roXppately four to six million
Europeans suffer from it; 20% of all strokes restdin the condition, which often remains
undiagnosed and can increase the risk of a strokéold. Unreported cases of AFib are
estimated to be 2.5 percent of the population. Bgpbelieve that as a result of the
demographic shift, occurrence of the condition wiiltrease. In addition to the serious
physical and emotional aftermath of strokes for gkeeple concerned, the overall economic
implications amount to euro 38 billion per yearBaorope and lay a heavy burden on the
European economy. Micro-catheter ablation theragy leelp lead to a significant overall
improvement, as well as to a complete cure of llheds. According to recently published
figures by the Journal of the American Medical Asation, patients who undergo a catheter
ablation show significantly less AFib symptoms amgjoy a considerably enhanced quality
of.

Economics value for the European Socigégrording to the study reported by Eucomed,
there is a parallelism between the European andimy#ct concerning the adoption of
medical technology for heart attacks cures. Acewydo this study, the change in treatment
costs for this disease since 1984 has been 10§@ar$igenerating an outcome change of 1
year in life expectancy. Since 1 year increasefénexpectancy has a value of 70000 $/year
for the society the net benefit of using medicathtelogy for curing heart attacks is
60000%/year; thus, it is well worth to invest in B&o provide solutions to help curing such
diseases.

Impact on other sectorsThe 4th of November, an Airbus A380 aircraft hadforce its
landing after indications of a failure of the NoeRgine. Examination indicated that the
engine had sustained an uncontained failure ofintexmediate Pressure (IP) turbine disc,
produced by the axial misalignment of an area ohter-boring having produced a localised
thinning of the pipe wall on one side that produdatigue cracking. The zero-defect
production or early defect detection would haveide® such a tricky situation. MuProD
solution would have avoided it.
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Main Dissemination and Exploitation Activities

Dissemination of results has been a key activitydlb MuProD partners. Therefore, the MuProD
consortium has created a dissemination plan withénTask aimed at maximizing project impact.

The main aim of the awareness and disseminationha@a been to address the following issues:

i. Spreading the project's results to the largest ipessconcerned audience and targeting
stakeholders, such as manufacturing industry pesgidesearchers, and society in general.
ii. Encouraging different manufacturing sectors to enpént MuProD results.

Most of the dissemination and communication workhii MuProD has been based on fruitful
communication, cooperation and coordination amofigpartners of the consortium and on
interaction with WP8 — Dissemination and Explodatof MuProD Results.

MuProD dissemination actions were classified ihit@é main categories, according to the exposure
level allowed by each category. These categoress ar

- Direct communication
- Visibility
- Informative actions

To achieve the dissemination goals of MuProD, eactsortium partner made the following
contributions:

i. Coordinate publications of MuProD products with WE&der.

i. Share and transfer relevant knowledge to MuProinpes directly and/or through the website.
iii. Initiate workshops and seminars.

iv. Identify relevant conferences for disseminatioiProD results.

v. Conform to dissemination and exploitation plans.

vi. Propose and encourage student and researcher grghiagrams.

The MuProD consortium has been very active in tlsseinination activities. For example some of
the most important conferences and publicationdistesl below:

Conferences and Fairs:

- CIRP Conference on Manufacturing Systems,"(281%' May, 2013) in Setubal(Portugal)
where EPFL disseminated his results on the Set-apager.

- EMO 2013: (18 -21%" of Sept 2013) and™International Conference on Stochastic Models
of Manufacturing and Service Operations, SMMSO 2013y 2013) in Seeon Germany,
where Politecnico di Milano took part.

- NAMRC 41% North American Manufacturing Research Confered€® (14" of June,2013)
in Madison (USA) where Politecnico di Milano wavited to show the results in the Task
3.2.

- 3rd International Electric Drives Production Comefece IEEE 2013, October 2013 in
Nurnberg, Germany where the University of StuttgaBosch and Politecnico di Milano
showed the first approach of the results in thekTas.

- Medtec 2013, October 2013 in Italy where ENKI tqoaict.
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- Manufuture 2013, October 2013 in Vilnius, Lithugnighere Politecnico di Milano and
Tecnalia took part as partner in MuProD and theteltdZDM.

- Manufuture HLG, November 2013 in Mannheim, Germanmlyere Tecnalia showed the on-
going work in the cluster 4ZDM

- Metromeet, March 2014 in BilbaoFair focused ispeaction techniques lead by Trimek,

- 4ZDM EU Cluster withing the CIRP #4Design Conference, April 2014 in Milano, Italy,
where Technion, Tecnalia, Bosch, the UniversityStfittgart and Politecnico di Milano
showed the results in MuProD in the different aggdion domains.

Figure 20:Angelo Merlo (Mach4), Marcello Colledani (Sciertiffoordinator of Muprod) and Ainhoa Gorrotxategi
(Coordinator of MuProD)

List of Publications:

5th Manufacturing Engineering Society InternatioBahference in June 2013 in Zaragoza UPV-
EHU

NAMRC 41 - 41th North American Manufacturing Resta€onference in Madison, Wisconsin
(USA) 10 - 14 June 2013, POLIMI

3rd International Electric Drives Production Comefigce in October 2013 in Nurnberg
(Germany), BOSCH, USTUTT and POLIMI

METROMEET, March 2014 in Bilbao, TRIMEK

CIRP 24th Design, April 2014 , POLIMI, TECHNION, TRALIA, BOSCH, USTUTT

9th CIRP Conference on Intelligent Computation ianfvdfacturing Engineering, July 2014 in
Naples, USTUTT,

VVvV VWV V VY

By the other hand, the main objective of the WPBKT& 2 was the development of the Technology
Exploitation Plan. Exploitation covers the direntlandirect use of the knowledge gained during the
project, for creating and marketing products anocesses or for creating and providing services
after the project ends. So that The Technology &tgilon Plan allows the commercialization of

project results, as well as the development optimener agreements and product refinement issues.
During the project, the partners have worked in Blan for the Use and Dissemination of

Foreground — PUDF -. The final version of the PUfdlatains information on:

» Dissemination of foreground

» List of Exploitation results

* Exploitable foreground and its use

* Plan of contingency defined to mitigate the majsks of the project and progress of the
actions defined
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The Key Exploitable Result of the project is the combination of the technatabresults into a
working methodology called “ZERO DEFECT MANUFACTURG METHODOLOGY: ZDM2),
described as the Exploitable result n° 1. This oadlogy could be used for any industrial case and
it is the way to help in the exploitation of therresponding developed solutions depending on the
context.

The exploitable results achieved during the progaead the potential impact and use of each one is
listed below:

Exploitable Results Potential impact and use

- The consortium has validated the methodology
different scenarios.

- It is easy to integrate in any production system.
It allows a strong reduction of defective p:
increasing the productivity of any production syste

The ISP offers import/export functions in orderfit
Information Sharing Platform the needs of different manufacturing systems frg
variety of application domains.

- High precision accuracy dixtures (no workpiec
distortions)

- Vibration chatter reduction (high quality macimg)
- Ease of integration in already commercial mac
tools

- Strong reduction of machining setup (reductior
throughput time)

- Suppression of further machining stepecessar
for remedy actions

Fixtures designed for specific purposes but als
Intelligent fixtures for large parts | enough flexibility to be reusable and exploitald
different industrial application

Zero Defect Manufacturin
Methodology (ZDM2)

Adaptive and smart device for err
free fixtures for small parts

Process monitoring technology baj
on multi-scale, multi-sensor dg
fusion for high responsiveness wh
identifying manufacturing proce
deviations, applicable to small bat
productions

Active die including temperatul This new device will provide the possibility
control for controlling microjachieve active control of the micro-extrusion psse
extrusion processes With this device,a desired material velocity prof
along the tube section can be obtained by contg
the temperature in the die sections, which in
locally affects the material viscosity.

Ability to include data gathered from different sers
with different resolutions and acquisition spgeslich
as optical systems, touching probes, etc.

Analytical based software tool f
integrated quality/productio
logistics and economic analysis
multi-stage process chains

Controller architecture for ne|This approach contains all steps nhecess
process-chain oriented workpig classification, decision taking and controlling

Software tool designed for a specific scope, iniclg
both a simulation based module and an analy
module for a wide range of applications.
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repair solutions for zero defg

propagation

reparation process.

The controller architecture for repairing defec
parts will be interesting for twtypes of customer
producers of expensive parts and enterprises
mass production systems

Innovative assembling and testi
methods for electrical drives.

- Prognosis model for assembling electrical drives
- Self-adapting assembling processes

- In-process measurement, data processing
process adaption

- Reduction of defect parts

LDA (Life Data Analysis), R&M
(Reliability and Maintainability) an
LCC (Life Cycle Cost) integratg
methodologies for repairab
machines/system parts

Novel strategic methodimgy for decision makin
about maintenance actions management taking c
wear phenomena: a company can limit the invest
in internal software and resourceskiag for the
service on demanguaranteeing a high producti
level (higher rate and qual)t thanks to an easy a
fast way to assess its reliability.

Micro-machining process modellif
tool based on advanced mechani
models for prediction of forces a
workpiece geometry in micro-millin
operations.

It is the first tool for predicting foreeand work piec
geometry in micranilling processes available on {
market

DYNPRO: Utility tool for rapid
calculation of the output of turnir
operations: cutting forces, expec
maximum and mean roughne
torque and power consumption.

The utility will use basic but sound information
define the best tool path and program for turi
operations, which is of interest for both the maehi

A Robust production/setup schedu

-Effectively handles usdrased balancing of tw
production lines, different product types, seque
dependent setups and random yield

-Quickly generates a realistic production sche
which can be used directtythe shop floor

nce

New methodologies for inlin
inspection of extruded polymer tub

These new systems/devices allow:
In-line or off{ine inspections on geometrig
dimensions.

Improved M3 Multi-sensor, Massi
Measurement software suite

Full cloud of point software package




5. Address of public website of MUPROD Pr oj ect

The URL direction of the MuProD Project websiteh#p://www.muprod.eu

6. Contact Detailsfor MuProD Consortium

Project Coordinator: Ms. Ainhoa Gorrotxategi (ainhoa.gorrotxategi@tecnalia.com)
Company: Tecnalia Research &Innovation

Partners in the project:
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Israel Institute of Technology

Universitat
Stuttgart

POLITECNICO
DI MILANO
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