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Abstract  Complex products development relies on establishet tasted
processes that embed software applications in hmoitdive PLM systems.
Many efforts are performed by companies to impringr development process
by means of research projects. However the tramsfezsearch results into in-
dustrial processes implies a high level of riske Thaturity assessment and the
proof of usage are two criteria that help decrepsire risky transition. Tech-
nology Readiness Level (TRL) methodology and usagmass are tools
which provide evidence associated to those twergait In this paper, a meth-
odology is proposed to guide stakeholders in theldpment of usage scenario
in the frame of TRL methodology. Thanks to the mwgd methodology, at the
end of the research project, the proof of usagethadnaturity of engineering
technology products are validated and could sugpeit industrialization.

Keywords technology transfer, PLM process improvement,aegesteering,
maturity, TRL, scenarios, proof of usage, BPMN

I ntroduction

PLM provides enhanced tools and methods to perfiesign and engineering in
industry or service activities. Thus PLM is focusau engineering data manage-
ment, CAD data handling, engineering document memegt, different natures
of bill of materials; it supports the main engiriagrprocesses, like authoring, data
creation, engineering changes, assessment andvafpioetween different de-
partments or companies. It is expected from PLMesygs to control access rights
to the data as read-only, RW, print, via rolesaibes within an organization or in
an extended enterprise. In the recent decadespvmprents in engineering meth-
ods have been mainly brought by means of masstwedinction of digital engi-
neering [1]. Thus digital engineering is an impottpart of R&D efforts in large-



scale companies, with digital mockup, multi physsiswulations, optimization,
virtual reality and support to PLM processes (clengxtended enterprising, data
exchange...).

Aerospace industry develops very complex productsause of the multiple
kinds of technology involved (materials, electranicontrol...) and the accurate
tools in use to assess and optimize the behavianddircraft [2]. R&D depart-
ments from the major aerospace companies are mefssiwolved in the im-
provements of both the technologies embedded iprihaducts (airplanes, helicop-
ters, launchers, satellites, drones) and also thads and tools (PLM tools) in
use for the development process itself. From aamadble business perspective,
both innovative R&D results are required, the fiosies to deliver best in class
products to the customers, while the seconds airedatcing time to market, de-
veloping more customized products and optimizinghan design resources pro-
duction. This paper focuses on that latter kindesfearch results, namely R&D
propositions for methods and tools improvements térad to improve PLM tools
seen as a support to digital engineering processes.

Managing research and innovation implies managimgeskinds off risks. Indeed
new technologies produced by research project otglite developed and de-
ployed inside industrial projects. Therefore, reskegrocesses should allow stud-
ying and anticipating all related impacts and disamce that might occur when a
new technology is inserted in industrial projedthe technology insertion relies
on a multidisciplinary decision that implies dississs, contradictions and argu-
ments. Actors of these multidisciplinary teamsiakgéted to decide on a go/no-go
way based on the maturity of the new technolodgieg. how could a “piece of
technology” be defined as mature? How could theaesh process be steered in
order to answer maturity requirements’?

In the field of product technology (aircraft systamd components), the maturity
is assessed thanks to the technology readinesk (IER&) methodology during
R&T projects. Let's remind that this paper dealthwhe field of method and tools
(M&T). Using TRL methodology in the field of engiaeng methods and tools
opens the following issuei this TRL methodology transferable for such kifid
products?Methods and Tools have not only to show a highllefesfficiency
from a scientific and technical point of view, khbhey also have to be usable by
stakeholders. In other words, the proof of usagsuoch method and tools has to
be realized as soon as possible. New resourcestbave proposed in order to
adapt the TRL methodology to this field and to i and assess the proof of us-
age in research proces@hich resources could been associated to the TRh-me
odology, and how to better anticipate the prootishge of new technology prod-
uct? Finally how to qualify those resources?

The study was realized in Eurocopter Company, thaufacturer of helicopters
from EADS Company. An action research methodologg \@pplied in order to
propose answers to the research issue. As andafdioe research process but also
of the industrial process, the researcher analflzeds-is situation of the technol-
ogy transfer. The analysis pointed ways of improeeinsolved by the integration
of scenario inside the TRL methodology. A scenamathodology was developed,
and then evaluated on a case study.



The first part of the article explains the majoncepts used as the TRL method-
ology, the proof of usage and the scenario. Therskstep presents a new ap-
proach for assessing M&T maturity and proof of w#sabhe third part validates
the approach on a Eurocopter case study.

1 Definition and Concepts

1.1 Maturity of atechnology product

Research projects aim, in one hand, to study nelntdogy products and, on the
other hand, to reduce risks and uncertainties &tsdcto their future integration
into industrial projects. The Technology Readinkssel (TRL) methodology,
developed by the NASA [3], is the tool presentlyuse for assessing technology
product maturity. A TRL is a key milestone where thansition from each TRL
requires a review to ensure that specific critbaae been considered, completed
and validated. The methodology is built around néawels of readiness [4], rapid-
ly described in Figure 1. From our experience, TaRis a critical level. Indeed it
represents the first level of applied research.

However, the TRL methodology is initially developfed space technical products
and our study focuses on engineering technologgdumts (processes, tools and
methods dedicated to designers and engineershelASA TRL methodology
and criteria adaptable to engineering technologygpet? Indeed aircraft and en-
gineering technology products transfer successada@@pends on the same crite-
ria. Engineering products need to be adopted lyrduisers. The concept of usage
needs to be integrated inside the TRL methodology.
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Fig. 1. TRL scale



1.2 The proof of usage

Engineering technology products are dedicated sigders and are used during
aircraft development programs. We distinguish aentrway of working, the AS-
IS situation where technical and business issueglantified.

The integration and use of new engineering tectgyofroducts in a new way of
working, the TO-BE situation [5], reduce and/ongolhose issues.

Users interact with new technology products andsiecess of user/technology
products interactions depends on the success lofidéagy product integration in
their functional environment. Therefore requirenseahd functionalities of tech-
nology products have to be co-studied with finarasn order to anticipate their
future usage in TO-BE situation. Furthermore thecess of user/technology
products interactions depends on users. As [6]tpaint, a prescribe usage is dif-
ferent of a real onelhe success of user/engineering technology prodtmtac-
tions is called the proof of usagk is validated and verified into a TO-BE situa-
tion. The Figure 2 illustrates relationships betwéechnology products and AS-
IS/TO-BE situations.
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improvments

Integrated into
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requirements for

To-be Situation ‘

Supports

Technology products Proof of usage ‘

portfolio

Fig. 2. Relationships between Technology Products, AS@SBE situations and Proof of
usage

1.3 Scenarios

Scenarios are used in different scientific comniegias human computer interac-
tion (HCI), software engineering, information syate requirement engineering
and as strategic management community. All thosanmonities have different



definitions of scenarios and use them with différgmals. [7] and [8] have written
two complete papers about scenarios in those differommunities. Furthermore,
[8] proposes a global and shared definition ofenacio:

“A scenario is a description of the world, in a ¢ert and for a purpose, focusing
on task interaction. It is intended as a meansoofmunication among stakehold-
ers, and to contain requirements engineering fraT or more viewpoints”

The final aim of a scenario is to explore and apdite a future usage of a product
or system [6]. Thereforgcenario is a pertinent tool for assessing the pafaus-
age.Description, context, task are items that definegasscenario. In the context
of requirement engineering, [7] proposes a clas#ifin framework based on four
views: form, content, purpose and lifecycle; thelvese qualified by facets and at-
tributes.

Technology products aim to improve a current situratharacterized into an AS-
IS scenario. The integration of new technology pitsl is realized into a new way
of working, the TO-BE scenario.

2 A new approach for assessing engineering tools maturity
during Resear ch projects

The aim is to assess the maturity of engineeriobrielogy products during R&T
projects in order to anticipate development phases.

It has been seen that the TRL methodology congitt monitor and assess the
technology products maturity but seems not sufficia the case of engineering
products. It is proposed to integrate the concéprraof of usage as new criteria
of TRL methodologyThe proof of usage proves the coherency and validtite
user/technology products interactioi®oof of usage is validated thanks to analy-
sis of scenarios.

A new approach is proposed in order to associatef mf usage and scenario with
technology readiness levels. The methodology, tithisd in Figure 3, is applied
between TRL3 and TRL6. The AS-IS scenario is defimden TRL 3 is assessed
and it is not modified all along the process.

— Phase 1: Analysis of usage scenarios

First Step: Creation and analysis of the AS-IS aderbased on scenario frame-
work [7]: it is a diagnostic step which describesvhstakeholders work and col-
laborate today in order to answer technical andnless issues. Based on the AS-
IS scenario, ways of improvement are identified

Second Step: Description of TO-BE scenario basesicenario framework: it is a
picture of an improved AS-IS scenario which impliee use of new technology
products. New technology product answers previoagsvof improvement. Users
have to plan new processes, new ways of workingahticular, they do not have
to be afraid of change [9].

— Phase 2: Technology product requirements and pyp#s




First Step: Based on TO-BE scenario: actors are #blformalize technology
product requirements (characteristics, architecipeeformance, integration, inter-
faces).

Second Step: Rapid prototyping of technology preéglunost of the time technol-
ogy products are already developed thanks to relsgapject but they have to be
adapted to the previous identified requirements.

— Phase 3: Prototypes and requirements validation &Rl assessment

First Step: Execution of the TO-BE scenario in T associated environment:
At TRL4, critical components are developed andestith simplified data in a
laboratory environment

At TRL5, the whole system is developed and testithl simplified data

At TRL6, the whole system is tested with real data

Second step: Validation of the adequacy and cobgrbatween the TO-BE sce-
nario developed and the initial requirements. ¢htelogy products are not vali-
dated, iteration is realized on requirements-pyp@tsteps.

The maturity is assessed thanks to the TRL questios, based on evidence pro-
vided by the TO-BE scenario. Associated to the padaisage, a work has been
done on the TRL questionnaire in order to adapurtgtcriteria to engineering
technology products. For confidentiality restricisp the questionnaire and pro-
posed criteria could not be shared.

Validation of the

to-be scenario As-is process Validation To-be scenario
\ \
| Test To-be scenario | Test Requirements N
| | 1 >
TRL3 /TR / TRL5
assessment _ assessment assessment
Development Requirements Development

Fig. 3. Description of the two interlocked processes: TIREkar process and cycle usage
scenario process

3 Validation of the new approach on a Case study

An application of the new approach on engineeragghmhology products in Eu-
rocopter Company is described in this part.



3.1 Construction and analysis of AS-IS scenario

Two issues are treated in the scenario:

— Atechnical issue consisting in the thermal intégraof helicopter engine
into its compartment. Ventilations have to be desdyon the compartment
in order to ensure the cooling of the engine.

— A business issue consisting in ensuring a collah@&avork between in-
volved actors. The actors work with non-interopératools in different
firms.

The two issues were identified by users duringrinéevs and are described in a
narrative text. The case was studied in the frafm@ Buropean research project
named CRESCENDO [10].

The AS-IS scenario describes all activities andadatchanges currently imple-
mented for answering previous issues: the verificand validation of ventila-
tion design of the engine compartment. The sceneai® modelled collaboratively
between involved actors. A business process modslhwilt by one of the actors,
progressively thanks to interviews and reviews withers actors. Because of con-
fidentiality restriction, the business model coudt been shared. A high-level
process, represented in Figure 4, is rather prapose

Four actors are represented: the engine manufactbeeCAD designer of the de-
sign office, the aerodynamic engineer and the théengineer. Ten main infor-
mation flows leaning on activities, each of themdelted by an arrow, are identi-
fied. A narrative text, joined to the process mbdg] explains the different steps.

——> Knowledge exchange

——> Data exchange

Fig. 4. Business model of the AS-IS scenario



3.2 TO-BE scenario: technology products requirements and prototypes
validation

Thanks to the AS-IS scenario, ways of improvemeaidentified:
— new tools for tracing and storing all data and kisalge exchanged
— new working method in order to facilitate the meshstep but also in or-
der to reduce the number of model data set up aledlation
— new modelling and simulation workflow

--=-=> Knowledge exchange 9

—> Data exchange

Fig. 5. Business model of the TO-BE scenario

Those improvements are translated into four teauylbproducts, integrated in-
side a TO-BE scenario, illustrated on Figure 5. dvidénprovements concern the
calculation workflow and data management. It wasppsed to realize automated
coupling between aerodynamic and thermal discipline

Table 2 summarizes the four technology products.

Table2. Technology products to develop in the TO-BE pssagf the usage scenario

TP Technology product Action solved

TP1 Collaborative calculation wolkerative automate calculation workflow
flow

TP2 New tools and methodsorA benchmark is realized in order to find the




model set-up and calculation tool for each thermwadl aerodynamic disc
pline with the best interoperability

TP3  Surrogate model of the engintmprovement and better precision of thegjies
behavior

TP4 Data management Data management in order to trace and sto
knowledge, parameters and data exchanc
along the TO-BE process.

The TO-BE scenario illustrates all the interactitwesween the technology prod-
ucts themselves and with the firm ecosystem. Tladyais of this TO-BE scenario
contributes to the formalization of technology protilrequirements and to their
development. Then developed technology products rteans prototypes, are
tested in the TO-BE scenario. Thanks to the exesutwo aspects are verified
and validated:

- the global result of TO-BE scenario and so the TEOsBenario

- the technology products characteristics and aliitgnswer to user’s ex-

pectations

3.3 Maturity assessment in a per spective of technology transfer

Final step is to assess the maturity of technologgucts. A TRL review is or-
ganised and all criteria are discussed. The TRjetad implies conditions of exe-
cution of the TO-BE scenario, which means on previstep.

For a TRL4, TO-BE scenario is executed with sinpdifconditions (light CADs,
local environment, few users). The success of TOsB&nhario validates the proof
of usage.

Furthermore, the TO-BE scenario illustrates techgwlproduct requirements, en-
vironment and interactions. Thus, the scenarionig@ppropriate tool that allows
assessing the technical maturity and the proofsafja of engineering technology
product.

Conclusion and Per spectives

This paper focuses on the monitoring of researshlt® namely R&D proposi-
tions for methods and tools improvements that tenidprove PLM tools seen as
a support to digital engineering processes. The Tithodology is used during
research project for assessing technology prodattinity. Proposition is done to
improve this methodology in the case of engineeteapnology product. A new
criterion is defined: the proof of usage. It trateb the success of the interaction
between users and technology. Associated to thef pfausage, scenarios are de-
veloped. Two typologies are defined: AS-IS and TB-4enarios. Scenario sup-
ports the proof of usage assessment. Scenariosoadeveloped with impacted
stakeholders and are modeled under Business Prbtmdsl Notation (BPMN).



Thanks to models, TRL criteria are assessed artdigds technology require-
ments, interfaces, performance, and applicationsthEBrmore stakeholders can
forecast usage related technology products.

However, several TO-BE scenarios could be propaadditional works have to
be realized on this issue. How could we choose detvseveral TO-BE scenari-
0s? How to evaluate them?

A global approach is proposed in order to monitsearch project advancement
from TRL3 to TRL6. The validation of TRL6 is thekéor technology transfer in
development phase. Current approach covers “teapimohnd business aspects”
thanks to the maturity and proof of usage but wddaut “financial aspects”?
Does the proof of usage justify the investmentpractice the multidisciplinary
decision at the transition is also based on a legsitase. Technology products
have to prove their added-value. The concept obfpob value [11] has to be de-
fined and integrated in the methodology proposequhbirn 2.
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