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COMPLEX PROJECT, COMPLEX INNOVATION PROCESSES: EFHNCE FROM AN
AIRCRAFT COMPANY

I. INTRODUCTION

The concept of complex product systems (CoPS)lagively recent. CoPS can be defined
as high cost, engineering and information technplatensive customized products, systems,
networks and constructs (Hobday, 1998). The CoR$acteristics differ from mass products,
and also the way of acting in its administrationl &ine applicable concepts has been shown
different. The traditional concept of simple protfudoes not seem to be suitable for the study
of CoPS.

The literature about complex product systems has lggowing, in recent years. Scholars
suggested that CoPS represents a distinct and tamp@nalytical category for the purposes of
innovation research, company strategy, project gmant and government policy (Zhang &
Igel, 2001). Hobday (1998) proposed six dimensitma distinguish CoPS from simple
products. One of those is innovation process.

Innovation process might be understood as predefeguence of activities, from idea to
launch e.g. (Cooper, 1999). Based on contingenpyoagh, Salerno et al. (Salerno, Gomes, da
Silva, Bagno, & Freitas, 2015) identified eightfelient innovation processes. Although these
recent works represent an important advance inrstateling how firms manage innovation,
they do not focus on complex project.

Aircraft is a typical example of complex productssidering either the number of parts of
the products or the number of functions designatienproduct (Griffin, 1997). The traditional
innovation process does not seem appropriate trideghe complexity of this product with
its systems and subsystems, customers and supflledollowing research question guides
our research: which are the innovation processgdosed for managing a complex project?

Through a qualitative case study, this paper sdeksnvestigate which innovations
processes are applied to manage the developmantafplane. From eight types of processes
suggested in the Salerno classification, it wasiptes to identify seven processes used in the
production of the two different jets studied — Rimar800 and Legacy 450. It was also possible
to identify that they may be applied in parallel.

The paper begins with a brief review of the litarat Section 3 describes the methodology
used in this research. Section 4 offers an introdndo each different innovation process
suggested by (Salerno et al., 2015) and examplaswfPhenom 300 and Legacy 450 can fit
each one. Section 5 presents the conclusions.

Il. LITERATURE REVIEW

A. CoPS

The notion of complexity that defines CoPS is bémm the significant number of
customized components and the vast field of knogdethat is necessary to produce those
components and the whole products (Hobday, 1998)ad its seminal article in 1995. The
extent and depth of design and systems integratitivity are much bigger in relation to each
product in CoPS compared with high volume produnctibhe user involvement is also much
higher in CoPS than in standardized consumer gobdactional capability as systems
integration is required to design, engineer andgrate the diverse knowledge inputs and
subsystems that build each CoPS. For exampleaaiefranufacturers (e.g. Boeing and BAe
Systems) have the capabilities to design and iategairframes, aero-engines, avionics and
other subsystems into a finished system (Daviesa&l{a 2000).



Although CoPS are typically purchased by a singleruthe vast knowledgebase needed to
manufacture these products often exceeds the emgigecapacity of a single firm (Hobday,
1998; Davies & Brady, 2000). They are made up ohynateracting components and
subsystems, belonging to different technical figle@sencipe, 1997; Gunawan, 2002). These
industries are involving technology-intensive calpigoods, systems integration, embedded
and largely tacit knowledge and skills, projectdshsnanufacturing, low-volume production
and concentrated and politicized markets with fewyebs and few suppliers (Majidpour,
2016).

The creation of a major CoPS often involves extrepreduction and innovation
complexity, not only because they embody a widéetanof distinctive components, skills and
knowledge inputs but also because a large humbepmpanies or different organizational
units of the same company often have to work tagetintheir production (Hobday, Rush, &
Tidd, 2000). The production of an aircraft needsgide scope of knowledge in new materials,
software technologies, fluid mechanics, and compatian systems (Naghizadeh, Manteghi,
Ranga, & Naghizadeh, in press).

B. Innovation process

Cooper (Cooper, 1990) has proposed the idea ofdedilhed stages and decision points for
the realization of development projects (Stage-8at&his method of management has been
validated and very well accepted for most of theettgpments. Later, the same author
(Cooper, 2007) has stated that, for projects vatihmological innovation, the traditional way
of managing, using phase-review, Stage-Gate® orE®\G not always adequate. “For non-
traditional projects do not use traditional metho@&henhar (2001) has shown how different
types of projects are managed in different waysthatione size does not fit all projects.

. METHODOLOGY

The purpose of this research is to identifg Bame company might use different innovation
processes when dealing with complex projects. Andemif the same project can use different
innovation processes at different times and / odifferent objectives or even simultaneously.
It is also important to understatite rationale of each kind of process verifying fits with
the 8 types suggested by Salerno ebelter than the traditional innovation processe®dr
process: “from idea to launch”).

A field research has been conducted with two prboiunovation projects, the executive jets
Phenom 300 and Legacy 450, in one company, EmbRewple from different areas,
engineering, customer support, program administmatndustrial designer, market intelligence
and R&D, have been interviewed. In this way, déf#@rapproaches for the same project have
been covered. The saturation concept has beemitdgacto stop.

All the interviews have happened face-to-face amdopmed by the author using an open
semi-structured questionnaire. The paper “Innowatwocesses: which process for which
project?” was made available prior to each intewidhe intention was to allow the
interviewee to be more familiarized with its teriausd concepts. However, only two of the
interviewees have accessed the paper before theigw.

A. Each interview has been structured as follows

* The first part of the interview has been about fim@nal innovation process of the
company in general.

» The second part has been about how innovativegisojise before formalization. What
are the possible project sources in general and schaces have been used for Phenom
300 and Legacy 450.



» The third part has been specifically about thosedxecutive jets. What are the products
characteristics, market characteristics, supplynchdients and post enter into service
developments.

» The fourth part has used the eight different intiomsprocesses suggested by Salerno et
al. Each of them has been explained and, from thatinterviewees have been asked to
bring examples of their application related to pihejects object of the present research.
Sometimes the interviewees have used examplesedel@t other projects; those
examples were not considered on the findings asdlteeof this research, but they
improved the author understanding about their opmiand experiences.

It is important to say that Embraer is a large mattonal company with many different
formal innovation processes. As this research bassked on the projects Phenom 300 and
Legacy 450, the processes related to organizatiomavation and R&D has not been
considered, as well as innovative process of hodotéaster and how to do cheaper, even if
related with Phenom or Legacy.

IV. MAIN FINDINGS AND DISCUSSION

CoPS tend to be produced in projects or small leastdailored for individual users
(Hobday, Rush, & Tidd, 2000). Comparing commereiadl executive jets, this difference is
significant, because prived owners usually buy ame unit of the executive jet. Which is
customized for them. Therefore, executive jets adten projected differently one from the
other, one by one.

In the business jets, the OEM starts the innorgtimcess to build a new aircraft driven by
the market intelligence, and, as soon as thedostept has the technical approval, the loop
producer-user interaction starts. Technical approomes first because of the rigid regulatory
standards to follow, since the airplane must nobilg manufacturable, but projectable and
certifiable. Aircraft industry has to comply witlhe regulations specified by certification
authorities. So the dialog between the OEM anddlelator authorities can shape innovation
paths by dictating matters such as safety issues.

Since the first concept is technically approvednynelients participate in the discussions
until the concept is freezed. But it doesn’'t stbpré. The continuous dialog between the
project team and the user is often necessary. Buha long development cycle, the user
redefines product requirements many times, demgnhdigher performance, capacity, and
reliability, adding, at the same time, further céexgy (Hobday, 1998; Hobday, Rush, &
Tidd, 2000; Dedehayir, Nokelainen, & Makinen, 2Q14)

Embraer designs, develops, manufactures and sedlafts and systems for commercial
aviation, executive aviation, and defense and ggcsegments. The company also provides
after-sale support and services to customers watklwt's seven-aircraft portfolio includes
from the entry-level Phenom 100 to the ultra-ldrgeage 1000.

Phenom 300 is an entry-level jet for eight up &veh occupants. It's a clean-sheet design
project started formally in 2005 and first delivetia December 2009. Embraer’s Phenom 300
light jet earned a reputation as a game changés first year of operation. “Since our launch
announcement of the Phenom 100 and Phenom 30juigetsver a year ago, we have logged
in excess of over 235 firm orders” said Luis CaAd®nso Mauricio Botelho. The editors of
Flying Magazine granted to the Phenom 300 theiri€cghdward as one of the year's most
remarkable accomplishments in terms of innovatusion and determination. It was the most
delivered business jet all over the world in 202@&14 and 2015. The innovative Phenom 300
also granted the prestigious award “Robb Repodst Bf the Best Award” five times: 2011,
2012, 2013, 2014 and 2016 (Embraer Phenom 300)2016



Judged one of the top 15 most influential busir@ssaft of all times by industry press, the
light Phenom 300 is the roomiest in its class. Hmeraft has the best climb and field
performance for any light jet. It is designed f@% lower operating costs and offers the
largest range and speed in its class. It can fanaltitude of up to 45,000 feet (13,716 meters)
and has a range of 1,971 nautical miles (3,650 kmaluding NBAA IFR fuel reserves, which
means the aircraft is capable of flying nonstopnfridlew York to Dallas or Houston to Los
Angeles for example (Embraer Phenom 300, 2016).

The mid-light Legacy 450 is a new breakthroughraitadhat promises a new paradigm in
business aviation by offering features normally ilakée in larger and more expensive
aircrafts. It is a remarkable union of technologg a@esign offering digital flight controls with
full fly-by-wire.

The Legacy 450 replaces conventional controls Vuth fly-by-wire technology. This
technology enables a smoother, more natural fedligigt by translating the manual input
from the pilot electronically rather than mechahycaElectronic fly-by-wire systems increase
the number of control surfaces that can be actusbedltaneously. This allows for maximum
performance and control, while at the same timéucmg the pilot workload and creating a
smoother flight for passengers. Additional flighivelope protection also increases flight
safety. The Legacy 450 and Legacy 500 fly-by-wsgestem has received a prestigious
Flightglobal Achievement Award in the Innovator tife Year category 2010. Embraer
Executive Jets started Legacy 450 deliveries orebxeer 2%, 2015 (Embraer Legacy 450,
2016).

Constructing complex products and systems, as ama#j requires a wide range of
capabilities. Aircrafts are made up of many intérgccomponents and subsystems, belonging
to different technical fields, rarely under contoolownership of one single enterprise (Gann &
Salter, 2000). Just inside de OEM, around two tAodgeople are involved to conceptualize,
design and produce an executive jet, an even rharethis is on the suppliers/partners side.
The role of the supply chain is tremendous: theokews can be responsible for delays in the
schedule for the first flight and for delivery tastomers or can bring an important innovation,
for example. In the work of identifying the innomat processes applied to the Phenom 300
and the Legacy 450, both suppliers and customers wentioned as key players in the
process.

As explained before, the eight types of innovagmwacesses suggested by Salerno et al.
have been used to classify the innovation proceggaged to Phenom 300 and Legacy 450.

A. Process 1. Traditional process. fromideato launch

: Diffusion/
ldea Screening/
; g Development Market/
generation |/Idea selection
Sales
* Encouraging idea = |dea selection * Product development = Inventony/ssles
genaration = Yaluation * Project management
+ Regisiration * Portfolic managament

Fig. 1. Traditional linear process: from idea to launch

Since executive jets are complex products thatbsasplitted into several systems, each
system has, in general, several functions andreatConsidering this, three main cases where
the process one is applicable were found:



» During the main aircraft development cycle, somsteayns are made internally, and other
in the suppliers. On the Phenom 300 and the Led4&0y some systems (like the AMS
system and the eletrical system), that were deeélapternally in the OEM, followed
the process above.

« When the aircraft enter into service, not all teatfires are developed, they are called
follow-ons; the innovation process used for thesthe traditional one. For example, the
Phenom 300 has the standard configuration withdiments or optional items such as
the 7th seat, the belted toilet and the 2-placard(Embraer Phenom 300, 2016). Not all
of these options were ready on the first delivéiye Legacy 450 has even more options
such as forward 2-place divan, belted toilet, fadvside facing seat, wet or dry galley
(Embraer Legacy 450, 2016). As happened with PheB@dy not all the options were
available at type certificate.

+ After some time, the aircraft is in service, itésommended to work on a refresh. In this
case, the process from idea to launch is normakiylu

B. Process 2. Anticipating sales: the tailor-made approach (open order)

The innovation idea is jointly constructed with ®leent; only after this joint construction
the project is formalized (e.g., order and conjrathere is then a period of maturation that
includes the definition of product specificationgpto the order (or sale). The client pays for
the development before the delivery of the prodactjcipating income for the company
compared to the traditional process (process 1)sTthe client finances the development of
product and process. The delivery of the produdsehe process 2 (Salerno et al., 2015).

Initial ideas
proposed and S .
: ales/Order | Development Delive
worked with P Y
client
* Ideaticn, + Contract definition * Product dewelopment  « Acceptance by the
credevelopmant, {instead of markating may be sccompanied client

salection and or sales effort) by the cliant
budgeting * Project managamant

Fig. 2. Anticipating sales: the tailor-made approach (opeter)

Executive jets allow customization. Usually, as deig the airplane is, bigger the
customization is. The customization is not relatmdy to trim and finishing, but to
configuration and special requests too.

Each time that the customer desires a featurendsat’'t been offered before, the innovation
process described above happens. This is very comirivate owners are usually seeking to
meet specific needs. Companies in the fractionatketplace customize looking for
promptness and economy, and, with the customizatienfractional owners have the feeling
that they are flying on their own plane

For instance, in October 2010, NetJets, the pioaedrworld leader company in private
aviation, signed with Embraer an US$1 billion ordeat included 50 firm orders and 75
options, creating a partnership that would deveitpthe NetJets’ Signature Series™ Phenom
300 (Embraer Phenom 300, 2016).

NetJets has specified an aircraft that featuresrazbd technologies to ensure maximum
safety, reliability and operating efficiency as s superior cabin comfort, advanced inflight
entertainment systems and custom cabin designsaifdraft seats up to seven passengers and
features a full refreshment center, custom cabirratnes including a customized galley,
advanced inflight entertainment systems, WiFi andulyy enclosed aft lavatory. It also
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included the Prodigy Touch Flight Deck, based an®&armin 3000 platform enhancing pilot
interface and situational awareness. This markérdtan-service application of this advanced
avionics system (Embraer Phenom 300, 2016).

Part of the NetJets' Signature Series™ Phenom 806wled this second innovation
process of Salerno et al., and another part dfllibwwed the next process depending on the
degree of specification of the request.

C. Process 3. Anticipating sales from a given client specification (closed order)

As opposed to the previous process, the clienracgss 3 has a predefined specification
(e.g., functional requisites or form) that the omtest fit. For the vendor, this process contains
neither idea predevelopment nor a maturation peibodhe specifications. For the firm, the
selection phase involves a decision about whethdevelop the product.

In this process, sales precede development. Evepeififications come defined from the
client, the company may suggest new functionalibespecifications. Salerno et al. found
cases in which companies took advantage of ordeositd platforms that could be utilized in
future projects with other clients (Salerno et2015).

Ideas/
Specifications)] Sales/Order | Development Delivery
by the client
= Discussion and * Conlract definilion * Project management = Acceptance by the
definition of (instead of marketing  « Product development client
specifications or sales affort) may ba accompanied

by thae client
Fig. 3. Anticipating sales from a given client specificatizlosed order)

The process with the specification given by thertlis pretty common in two ways.

 When the customer brings the finishing materiak thea wants to be applied in his
aircraft. In this case, it's necessary to pay ameexmount because the OEM will need to
test and certify its use with the authorities. Efere, it's necessary to do the
development step.

« In the relation so called build to print among OEBKU the supplier. Embraer chose this
path for some parts of the Phenom 300 and the lye¢30. In those cases, Embraer
provided drawings and the supplier was responsasi@roducing the part according to
the specification using the correct materials. Tdesign specifications included
performance and quality requirements.

D. Process4. Sarted by a public or private call

Private contract bids, e.g., when a systems integlaunches a request for bids, such as in
the automotive, aircraft, or home appliances inilest The call usually defines the functional
requirements of the product to be developed. Toe thegins with predevelopment, which
consists of preparing an initial analysis of thasibility of the project for the company
(Salerno et al., 2015).



| Predevelopment/

Elaborationofal Win the call: /
\J : S Development Delivery
|' project to dispute)  diffusion/sales
| the call
* Evzloation of the call » Corvract sgrabure = Projac] rraragement = Anceptanca by the
= Dafirdlion of the proposal  (ingtead of marketing of  « May ba co -devalaped or  clisntfAgancy
» Rasources evalualion: sales aforl) acoompaniad by the = Final répar

neend for exinrmal ones? clisntAgancy
* Regans

Fig. 4. Process started by a call

Embraer Executive Jets participates in customed's &#nd creates bids for the suppliers.

e Either Phenom 300 as Legacy 450 has already ppatexd in private calls. Usually,
companies that buy airplanes call for bid; manyhein need to do this in order to meet
their regulations. When the order includes a largenber of airplanes, this is even more
common due to the bargaining power. Buyers increasgetition within an industry by
forcing down prices, bargaining for improved qualdr more services, and playing
competitors against each other.

» Wide portion of systems suppliers were selectecbiog. The OEM launches a call
seeking for who accomplish with the HLR (high levedjuirement). Those who want to
participate in the call do a pre-development ares@nt their projects. Embraer receives
the proposals and selects it taking into accoumersé aspects, not just the financial
ones, before signing the contract giving the goadhéor development - the seats
supplier, e.g.

E. Process 5. Process with a stoppage: waiting for the mar ket

The first segment in the fig 5 concerns idea gdimraidea selection, development, and
initial diffusion/sales; the product is developedpilot or experimental plant scale. Diffusion
(sales) is performed for a specific market nichg,, ¢he lead users. There is a stoppage in the
process because the perceived market is not largagh to justify further development,
whether in production processes, product spedificabr production facilities. This stoppage
represents active behavior: the development agtigitinterrupted, but the project is not
abandoned because the company directs its eftottsdate” a market (Salerno et al., 2015).

Development| Diffusion Waiting ra,-\ Development| Diffusion

S Seae I | the market 1l Il

— — —
+ Encouraging idea « ldea selection  » Project management  » Firstsales not = Efforts of market  « Scaling up * [rveniony'sales
generation = Vahuation = Product devetopment  big enoughic devalopment * Possible adaptation
* Registration * Porifolio scafaup in product
managemant spacification

Fig. 5. Process with a stoppage: waiting for the market

The process with a stoppage waiting for the maikefuite rare. Only one example was
found concerning the two aircrafts used as objéhisfresearch.

Aircell, that later on had its name changed to Gagas trying to create market for their
products in the beginning of the years two thous&ume clients liked it and installed the
product in their airplanes via STC after receivihg aircraft. A supplemental type certificate
(STC) is a national aviation authority-approved #omajor modification or repair to an
existing type certified aircraft.

Nowadays Legacy 450 customers can already reckeséattory-installed UC5000. UCS
5000 is business aviation’s smart cabin system fGmgo. More than a router, and beyond an



IFE service, UCS is a singular unit that orchestatmanages and delivers data, voice,
entertainment, information, and cabin managemenicss.
F. Process 6. Process with a stoppage: waiting for the advance of technology

This process is similar to the previous one, batgtoppage in this process is caused by a
technological bottleneck within the product or @es development (Salerno et al., 2015).

\] Waiting for
/] the advance
of technology

Development| Diffusion
I Il

Development| Diffusion

Ideas Selection | |

* Encouraging = ldaa selactian * Projact = Tachnobogical  « Searching o dose  » Product final * Inventonysales
idea generation  + Maluation management constraints technological gap development
+ Registration + Portfalio * Product haltecalsup = Monitoring tech - according to the
management development nodegical evolution new tachnaology

Fig. 6. Process with a stoppage: waiting for the advanc¢eatinology

This is not a frequent process, but it's not unusitber.

A Phenom 300's example is the mirror in the inteabthe plane, that was made with
polycarbonate, but the advance of the technologgweldd the use of glass mirror
(gorilaglass).

On the other side, a Legacy 450’s example is tieeofi® polymeric product that imitates
stone. It was used in the finishing of surfacesjestibto water. With the technological
evolution, it has started to be made with a thyetaof real stone (marble and granite).

The use of internet through band KA is another gdlenThe size of the antenna prevented
the use of this feature in smaller planes, so tiernet was provided trough other options.
With the technological advance, lighter and mormgact design has allowed the antenna to
be installed in most of the airplanes.

G. Process 7. Process with stoppage: waiting for the market and for the advance of
technology

Process seven is the junction of the two previousgsses with stoppages. There is a first
stoppage because of technological issues and @qui# stoppage to (actively) wait for
market viability.

No case has been found.

H. Process 8. Processwith parallel activities

The diffusion/sales phase starts before the engrofluct development (Fig. 7). The
development continues until a first version or g of the product is obtained. This first
version does not necessarily have all of the vanat(e.g., models, colors, accessories, etc.),
functionalities, or quality problems solved. Howew&ere is a version of the product available
that enables the company to begin diffusion, wisgherformed in parallel with the remaining
development efforts.

Screening/ Idea

ldea neration 3 Developrment
ge selection P
Diffusion/
Market/Sales
+ Encouraging idea « |dea salection « Project management
generalion = Valuation = Product development
= Registration = Porifolio mansgemant

« Sales start duning developmeant



Fig. 7. Process with parallel activities

This is the Embraer executive jets innovation psecér a new aircraft model. The
generation ideas usually come from the market ligegice, and the selected ones are
technically analyzed and discussed with some dliantil the initial concept is defined. Once
approved, the sales starts together with the dpeetat and both continue after the first
deliveries. The development efforts keep going bsea follow-ons development,
improvements, new configurations and correctiongpba after the aircraft enter into service.

One example is the Legacy 450 extended ralBgéaraer Executive Jets started Legacy 450
deliveries on December %2 2015. On July 12 2016, the Company announced that the
Legacy 450 has received certification for an ex¢ehdange of 2,900 nm (5,370 km). The
improvement has been approved by the regulatiomoaties: ANAC (Agéncia Nacional de
Aviacao Civil, the Brazilian agency for civil aviah), FAA (United States of America Federal
Aviation Administration) and EASA (European Aviati®&afety Agency). The new range, with
four passengers onboard plus reserves, is 329 @gnkid) larger than the first certified range
(Embraer Legacy 450, 2016).

“With this range that surpassed our original taggttte Legacy 450 is definitely the best-in-
class business jetThe Legacy 450’s increased range was certified afteor modifications
to the wing to accommodate more fuel, along witdaips to the Fuel Control Unit (FCU) and
avionics. The extra fuel tank capacity is retrdfitaat no cost for the first aircraft serial
numbers (Embraer Legacy 450, 2016).

V. CONCLUSION

This paper aimed to contribute with the literataeout innovation process in CoPS
(complex product systems). It does not seem passibtlefine a single process of innovation
for CoPS like executive jets. Different processkemoovation take place on it, depending on
the stage it is in - before or after entering is@vice -, depending on the aspect focused -
whether at the level of the product as a wholesyistems, subsystems or parts of a system
(such as a component of a system) - and dependinipeo group of people involved. The
development of Embraer’s Phenom 300 and Legacye#&mplifies it with details.

In addition, different processes happen in paradiehultaneously. The so-called Process 1
by Salerno et al. (traditional process: from ideéatinch) usually takes place in a simultaneous
way with the Process 4 (started by a public orgtevcall) and the Process 8 (process with
parallel activities): Process 1 related to systelegeloped internally, Process 4 related to
systems developed in the suppliers and Procesdatdeto the entire product. Different
processes take place in parallel in different camgsaworking on the same project and also in
the same company, the OEM.

From all those findings, it seems to be clear that“one fits all” approach is not enough
for CoPS. The same project may require differeat@sses. The Salerno et al. classification is
more complete and appropriate. Interesting impbeat for practice and theory outcome from
this research. For theory, it is necessary to wgtded that a complex project is managed in a
network of innovation processes in which some arsilsaneous or parallel. Such innovation
processes can have different logics, demandingréift competencies being articulated for the
success of the project. This was not predicted &igr8o et al. For practical purposes, the
implications are the need to develop an innovasgstem that recognizes that a complex
project requires different processes, with its emanagement logic.

In this research, the processes of innovation withe vast supplier chain directly involved
in the projects hasn’t been specifically invesegiatHowever, it is known that suppliers have



crucial role in projects of the magnitude of arpline. It is important to mention that CoPS
contain a large group of products, and this artocetributes to the understanding of a small
portion of those, so more research is still neagdsaestablish the ideal classification.
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