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A study of supply chain integration in the aeronautics sector

Competitive pressure, high development costs, long lead times, rapidly changing
technologies and the risks inherent in projects combined with the delays seen in the latest
aircraft models (with the rise in costs that these have entailed) highlight the need to
reorganise the supply chain in the aeronautics sector paying special attention to an
improvement in inter- and intra-organisational integration. The aim of the present study is
to analyse the situation of supply chain integration (SCI) in the aeronautics sector using
three dimensions (information integration, coordination and resource sharing and
organisational relationship linkage), considering both internal integration and external
integration with customers and suppliers. A group of first tier supplier experts analyse the
dimensions and assess the degree to which the factors that define SCI have been achieved.
The results enable strengths and weaknesses to be determined and indicate possible
improvements to the situation that is detected with clear managerial implications.

Keywords: Supply chain integration, aerospace, information integration, coordination,
organisational relationship, focus group.

1. Introduction
Companies have realised that internal improvement alone is not enough for them to be
competitive (Arana-Solares et al., 2011). They try to survive in the increasing complexity of the
real world: highly globalised markets, rapid developments in the new information technologies,
increasingly shorter product life cycles and more demanding customers. This context has
changed inter-company relationships, requiring improvements to the supply chain (SC) as a
whole rather than to individual companies (Ketchen and Hult, 2007; Hernandez et al., 2008).
Firms must set their objectives and determine their strategies depending on the SC through
which they add value both to the product and the service that they are offering the customer
(Mikkola and Skjgatt-Larsen, 2004; Alfalla-Luque and Medina-Lopez, 2010). These companies
are inter-dependent since the individual performance of any one member affects all the others
and the efficiency of the entire SC (Cigolini and Rossi, 2008). Managing the SC therefore now
becomes a vital element for survival and business growth, even though research on the subject
did not begin until the mid 1990s (Alfalla-Luque and Medina-Lopez, 2009).

Many papers state the need for a close and integrated relationship between SC partners
(Flynn et al., 2010). Researchers generally agree that a higher level of supply chain integration

(SCI) positively influences the performance of the focal organisation and its supply network
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(Frohlich and Westbrook, 2001; Vickery et al., 2003; Bagchi et al., 2005a; Moyano Fuentes,
2010). This suggests that companies should invest in strategies that promote integration across
the members of the SC (Zhang et al., 2010).

The aeronautics sector is no different to any other in this respect. For about two decades,
competitive pressure in aeronautics industry markets has been permanently on the increase,
although sales markets have shown a strong trend growth (Ecorys, 2009; Rose-Anderssen et al.,
2009). Severe competition, high development costs (Esposito and Passaro, 2009), long lead
times (O’Neill and Sackett, 1994), rapidly changing technologies (Reed and Walsh, 2002), and
the risks inherent in projects (Zsidisin and Smith, 2005), combined with the delays seen in the
latest models of aircraft and the rise in costs that these have entailed (Ecorys, 2009) are all
leading to a need for the SC in the aeronautics sector to be reorganised (Bales et al., 2004; Smith
and Tranfield, 2005). This new SC is marked by vertical disintegration (Ecorys, 2009) and the
search for risks being shared between partners (Rose-Anderssen et al., 2008).

In this context, the aeronautics SC is gaining in complexity (Laframboise and Reyes,
2007). Research studies are needed to improve the management of the new relationship
established between the partners. One of the biggest challenges facing the industry therefore is
improved integration, both internally and with suppliers and customers (Bales et al., 2004) in a
quest for, inter alia, lower costs, improved productivity and quality, greater speed and flexibility,
reduced inventories and faster and more reliable deliveries (Smith and Tranfield, 2005; Ecorys,
2009). Given this challenge, this research develops a study on the aerospace sector focusing on
the SCI of the aeronautics industry.

The aim of this paper is to analyse internal and external integration in the aeronautics
sector focusing on the first tier supplier perspective and the relationships between first tier
suppliers and their main partners downstream -the Original Equipment Manufacturers (OEMs)-

and upstream —the second tier suppliers. Using a focus group of first tier supplier experts, the
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main variables that define SCI are studied in order to establish the current state of SCI in the
aeronautics sector and to determine strengths and weaknesses and any actions that can be taken
for improvement.

The remainder of this paper is organised as follows. Firstly, previous papers on SCI are
reviewed. This is followed by an explanation of the research methodology developed. Next, the

results are discussed. Finally, conclusions are presented.

2. Literature review and research objectives

2.1. Dimensions of SCI

SCI could be defined as the degree to which SC members achieve collaborative inter-
and intra-organisational management on the strategic, tactical and operational levels of activities
(and their corresponding physical and information flows) that, starting with raw materials
suppliers, add value to the product to satisfy the needs of the final customer at the lowest cost
and the greatest speed (Bagchi et al., 2005a; Cagliano et al., 2006; Flynn et al, 2010). As the
definition suggests, both internal and external integration with suppliers and customers has to be
considered. Several papers analyse SCI using this triple scope (Swink et al, 2007; Wong and
Boon-itt, 2008; Kim, 2009). Yet, despite the importance that internal integration has for
achieving inter-organisational integration (Rosenzweig et al., 2003), some papers focus only on
external integration. On some occasions they focus on integration with suppliers and customers
(Frohlich and Westbrook, 2001; Vachon and Klassen, 2007; Quesada et al., 2008; Sezen, 2008),
but on others they focus only on integration with suppliers (Cagliano et al., 2006; Cousins and
Menguc, 2006; Koufteros et al., 2007).

This is not where the complexity of the concept ends, however. Lee (2000) proposes
three dimensions to define SCI and Bagchi et al. (2005b) determine five. As Table 1 shows,
there is a direct relationship between them. The dimensions presented by Lee (2000) will

therefore be taken into consideration when analysing SCI in the aeronautics sector and these will
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be analysed from both the inter- and the intra-organisational angles from the perspective of first
tier suppliers.

[INSERT TABLE 1 HERE]

2.2. SCI in the aeronautics sector

A complex nature characterises the SC in the aeronautics industry, which has traditionally been
dominated by aircraft manufacturers, the OEMs (Bales et al., 2004). OEMs like Airbus and
Boeing possess the technological capacity in design and manufacturing, as well as sufficient
financial capacity, to implement the programmes that the market demands, acting as project
leaders and being legally responsible for the aircraft (Esposito and Passaro, 2009). Since the
development of the Boeing 787 and the A380, the SC in the sector has undergone a structural
change that is forcing the OEMs to become systems integrators (Rose-Anderssen et al., 2009),
manufacturing few parts of the aircraft internally compared to the traditional model of intense
verticalisation (Morton et al., 2006). Boeing has pioneered this process of transforming a
leading manufacturing company into a systems integrator, coordinating strategic marketing,
design and assembly functions instead of producing parts and components. Airbus is following
the trend started by Boeing (Ecorys, 2009).

The aeronautics SC is also seeing its numbers of direct suppliers to OEMs being reduced
(AeroStrategy Management Consulting, 2007). No answers to financial needs and improved
costs and lead times could be found in traditional supplier relationships. The OEMs identified a
potential opportunity to gain a competitive advantage through closer integration with key
suppliers (Rose-Anderssen et al., 2008). It is therefore becoming necessary to forge alliances
with first tier suppliers (Risk and Revenue Sharing Partnerships) that are able to assume part of
a project’s industrial and financial risk, and these are included right from the product
development stage (Bozdogan et al., 1998). The model might even cover not only the research

and development costs but also the cost of test flights and certification. First tier suppliers have
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even demanded that their own sub-system, parts and components suppliers should shoulder
greater financial and technological responsibilities. OEMs have transferred risk down the SC
(Bales et al., 2004; Ecorys, 2009).

But the SC flow does not finish when the aircraft is delivered. Aftermarket support
represents revenue and profit opportunities that frequently exceed revenue derived from the
initial product sale (Farris et al., 2005). The outlook for the air transport MRO (Maintenance,
Repair and Overhaul) market is dominated by the accelerating development of comprehensive
and complicated global aftermarket service networks comprising seemingly infinite
combinations of airlines, OEMs and third-party repair organisations. MRO organisations have
developed broad levels of integration that include complete MRO services, asset management,
and engineering support. Given its importance and complexity, MRO is considered as a
subsector of its own in the aerospace industry.

Within this SC environment there is a need to work towards an improvement of the SCI
(Bales et al., 2004; Ecorys, 2009). The aeronautics industry must work towards this goal as there
is an evident lack of SCI compared to other sectors, such as the automotive sector. Studies have
been done focusing on an analysis of SCI in specific sectors, such as industrial equipment
(Sahin and Robinson, 2005), the construction industry (Briscoe and Dainty, 2005), the
automotive industry (Wong and Boon-itt, 2008) and the manufacture of fabricated metal
products, machinery and equipment (Frohlich and Westbrook, 2001). Multisector studies are the
norm (Swink et al., 2007; Quesada et al., 2008; Sezen, 2008; Kim 2009), although the
aeronautics sector is not included.

Although much has been written about the SC in general, far less has been written
specifically about the aeronautics SC and its integration (Rose-Anderssen et al., 2009). No
articles have been found in the previous literature that have analysed SCI as their core objective.

Some aspects related to the SCI dimensions established by Lee (2000) have been sought in
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studies that analyse the aeronautics SC in general terms or the implementation of specific
practices that affect the SC (Table 2). However, none focus on a detailed analysis of any
particular aspect of SCI in this industry, seeking an overall vision and a step forward in this
respect. The lack of studies is manifest despite the improvement of internal and external
integration being one of the main challenges in the sector (Bales et al., 2004). Unlike previous
studies, this paper puts the accent on an exclusive analysis of SCI using three dimensions
(information integration, coordination and resource sharing and organisational relationship
linkage) while considering both internal and external integration with customers and suppliers.

[INSERT TABLE 2 HERE]

3. Methodology
An analysis of SCI in the aeronautics sector has been conducted by consulting experts by means
of individual interviews and a focus group. Interviews with experts have been extensively used
in the literature with regard to this industry, and numerous case studies have been done (Russell
and Hoag, 2004; Zsidisin and Smith, 2005; Laframboise and Reyes, 2007; Esposito and Passaro,
2009). The focus group is one of the most widely used research tools in social sciences, and
previous studies were found in the literature that use these in the area that concerns this study,
Operations Management in general (Dey et al., 2006; Binder and Edwards, 2010), and SCM in
particular (Oehmen et al., 2010; Tate et al., 2010). A focus group should involve a group of six
to twelve participants in a structured discussion about a particular topic (Barbour and Kitzinger,
1999; Tate et al., 2010). It is particularly useful for exploratory research like that presented in
this study. The stages set out by Stewart and Shamdasani (1990) were used to conduct the focus
group.

Experts from top first tier supplier plants (that have preferred to remain anonymous) in
the sector that are shared risk partners with companies like Airbus and Embraer have been

involved in the study. This means that they are linked to companies that are representative of
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this level (first tier suppliers) in the SC. These experts have a great deal of experience as they
have been at their present company or others in the sector for at least ten years and have held
management positions in Operations Management, Logistics or SCM.

The methodology that was developed begins with a round of interviews with the experts
with a view to informing them of the objectives of the research, discussing the current design of
the SC in the aeronautics sector in a semi-structured individual interview and providing them
with the questions that were to be analysed in the focus group. These questions focused on an
analysis of the dimensions set out by Lee (2000) from an intra- and inter-organisational scope.
The items that determine each of the dimensions had been used in earlier studies (Frohlich and
Westbrook, 2001; Stank et al., 2001; Narasimhan and Kim, 2002; Vickery et al., 2003; Bagchi
et al., 2005a and 2005b; Briscoe and Dainty, 2005; Gimenez and Ventura, 2005; Sahin and
Robinson, 2005; Sanders and Premus, 2005; Cagliano et al., 2006; Swink et al, 2007; Quesada
et al., 2008; Sezen, 2008; Wong and Boon-itt, 2008; Kim, 2009), which gives them theoretical
validity (O'Leary-Kelly and Vokurka, 1998). The second column in Table 3 presents the items
considered in the study.

In the focus group the experts were asked to analyse SCI in the sector. To facilite this
task, they were asked to score each of the items for both internal integration and integration with
customers (OEM) and suppliers (second tier suppliers). To be specific, they had to agree on a
group score on a scale from 1 (no integration) to 5 (maximum integration). The dimensions and
variables were accompanied by a brief description to aid with their understanding.

The focus group was moderated by one of the authors. It began with a review of the
objectives of the project and a brief presentation on the SC in the aeronautics sector, situating
the first tier suppliers in the chain as a whole. Each of the factors and the scores awarded from
the three perspectives under analysis were then discussed. During this stage it was underlined

that participants should not make comments and score solely from the point-of-view of the
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companies in which they were executives, but by adopting an overall view that would consider
the first tier supplier firms as a whole. The quantitative results that were obtained in this
discussion are set out in the last three columns of Table 3.

A qualitative analysis was done of the comments that the experts made about the factors
when justifying the scores that they agreed on for them. The preliminary results were
commented on individually by the experts to fine tune and complete the comments that had been
noted. Additional sources of evidence were also obtained from the articles on the SC in the
aeronautics sector that were reviewed. Multiple data sources, including interviews, focus groups
and a literature review, therefore enable triangulation in the data analysis and provide stronger

substantiation of the results obtained (Eisenhardt, 1989). The data was gathered in 2009.

4. Results

A qualitative analysis of the three dimensions that define SCI has been done in the aeronautics
sector based on the comments made by the experts. These comments support the scores given by
first tier supplier experts to SCI variables (Table 3).

[INSERT TABLE 3 HERE]

4.1. Information integration

In this dimension, external integration has the lowest scores for collaborative planning and joint
demand and replenishment forecasts as the experts state that the information flows from the
OEMs more with a view to informing than really having the goal of achieving agreements on
planning and forecasts. The traditional functional/departmental focus found in the sector has still
not broken down intra- and inter-organisational barriers and impacts on both internal and
external integration.

An analysis of the information sharing and information technology integration factors

shows that experts state that the OEMSs have given priority to connectivity and information
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sharing with their customers over their suppliers. They provide after-sales service to their
customers through web portals where they share information and technical data for aircraft
operations and MRO activities. The web portals increase the visibility needed for costs to be
brought down and increased service in the manufacturing and MRO activities (Farris et al.,
2005). The OEMs have looked for solutions that enable information to flow rapidly, securely
and accurately with their main suppliers through web portals. The aim of these portals is to
control materials, financial and information flows between the OEMs and their first tier
suppliers. However, second tier suppliers and beyond will receive this information once it has
been screened by first tier suppliers who have set up their own portals to communicate with their
suppliers. This will cause a delay and will, on many occasions, trigger a loss of quality in the
information and the bullwhip effect.

Although web portals enable individual customer-supplier communication, they do not
seek any relationships between the suppliers themselves with the aim of integration and
improvements. To this end, companies are developing platforms such as Exostar. The aim is to
create a trusted workspace for secure information sharing, collaboration and process integration
across the SC in which members work together more efficiently and with lower risk. This
system is capable of connecting SC members to allow an exchange of purchase orders, provide
information on delivery slips in transit, manage returns and provide materials visibility. The
system also shows events and exceptions to the delivery programme, synchronising all the SC
members affected by any variation in demand. Exostar enables technical documents, norms,
specifications and designs to be shared, as well as the management of offer processes, which
must be presented via the platform. Finally, it can also help with interfacing between the ERP
systems of the companies involved in the processes (Zuckerman, 2007). Platforms like Exostar

are therefore a clear step forward in integration processes.
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In other respects, ERP systems and communications systems like EDI facilitate internal
processes and enable information to be shared both internally and externally. First tier suppliers
also use ERPs intensively. However, less and less use is made of ERPs the further upstream you
go, where small and medium size companies cannot easily access these tools for reasons of cost
or training, and use specific software applications for the different functional areas that do not
integrate with each other. For this reason, initiatives are being developed with the aim of
facilitating the use of IT tools to sector suppliers at a lower cost through access to basic web
enabled ERP modules. SAP-ECMA is a pre-configured solution, for example, that combines the
different logistics flows and production processes associated with subcontractors in the
aeronautics industry. Apart from covering specific requirements, the processes model included
in this software is based on best practices in the sector. In other respects, ERP systems need to
be improved; they often do not reflect the extra complexity of MRO activities since material
flows in two directions (reverse logistics). This entails the repair order process needing to be
managed manually or the ERP application modified, with the consequent increases in time and
likelihood of making mistakes (MacDonnell and Clegg, 2007).

The visual management system that Airbus and Boeing have on their assembly lines
must be highlighted as far as internal integration on an operational level is concerned.
Production-related information regarding quality, plant engineering and logistics is fed in real-
time through a computer network and projected on huge screens with a view to keeping the line
balanced and running uninterruptedly. This allows the organisation to react immediately should
there be any problems or stoppages. The first tier suppliers and, especially, upstream companies
are still not on the same level of innovation, however. Nevertheless, there are initiatives aimed
at a wider use of visual management with the goal of reducing wastage and improving process

productivity (Parry and Turner, 2006). Visual management has become an important method for
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managing internal processes for second tier suppliers and upstream, as many of these companies
do not have an ERP able to assist in the day-to-day running of their plant.

In general terms, the level of integration is lower for collaborative planning and joint
demand and replenishment forecast factors than for information sharing and information
technology integration. To a great extent this is due to the fact that OEMs use their market
intelligence departments and other sources of information to analyse the markets and
unilaterally lay down production plans for at least a two year period. The aircraft sales process
also has a significant effect on these factors. This process follows a system of contracts with
firm orders and optional orders (non-confirmed purchase quantities). When a customer
formalises a firm order for aircraft there is usually an upfront payment of part of the value of the
contract over the firm amount. Customers therefore delay for as long as they can before
confirming their orders. Nevertheless, given the long lead times optional orders must be
considered in planning, which includes aircraft that have not been allocated to any specific
customers (dubbed “white tails”). This way, an attempt is made to keep a continuous flow going
on the production line throughout the whole chain and to make the planning as flat as possible
(with few fluctuations) so that better use is made of resources.

Integration information is also favoured by inter-company and inter-department contacts.
The OEMs set times for periodic meetings with their first tier suppliers. These programmed

meetings do not usually exist between first and second tier suppliers, however.

4.2. Coordination and resource sharing

This dimension has evident strengths in the common use of logistical equipment, agreements on
delivery frequency and packaging customisation and standardisation. However, aspects such as
shared decision-making and work realignment with suppliers and customers present lower levels
of integration.

The shared decision-making factor is influenced by the OEMs’ need to maintain total
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and direct control over materials, the production process and the way the SC is configured. The
reason for this is that they are legally responsible for the final product during its useful life and
they must know the traceability of all the assembled components. Materials specifications and
even the definition of the production process depend on the OEM’s acceptance. In this regard,
companies upstream of the OEMs have not traditionally had any management capacity that
might guarantee the legal control measures required for aircraft manufacturers. Moreover,
OEMs did not delegate the authority for selecting raw material suppliers to them alleging their
lack of technical capacity. On top of this, second tier and upstream suppliers especially do not
usually possess the financial capacity to put up funds for the purchase of raw materials.
Meanwhile, the few manufacturers certified to sell raw materials to the aeronautics industry that
exist have often come up with obstacles for selling to small companies. This situation has
resulted in there being major obstacles to suppliers regarding raw material management and has
justified tight control by the OEMs.

As a result, the OEMs have dominated the SC, assigning jobs to their suppliers, and
defining the way that the work is balanced according to their vision. It should be borne in mind
that there is only a limited number of qualified suppliers in the sector. From the technical point-
of-view, a great deal of prudence must be shown before any changes are made to the supply
source as perfect interfacing with all other components has to be verified yet again. For the
OEMs, the redistribution of the work load among its suppliers is a complex issue that entails
high costs (certification, testing, engineering, etc.). Nevertheless, internal work realignment is a
habitual practice as companies move their work load from plant to plant depending on
availability and their own interests.

The complexity of the SC has led the aeronautics industry to follow a strategy of
selecting and reducing the number of suppliers which is allowing work loads to be concentrated

in bigger companies, with greater financial capacity and more technical and technological
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resources. And so the SC profile is changing from one of outsourcers who have no mastery over
their processes to one of first tier suppliers with solid resources for managing their raw materials
and their production processes. Notwithstanding, the supplier base is still configured according
to the traditional model in old, stable programmes.

The needs experienced by the sector mean that companies are open to cooperation.
Aeronautical suppliers traditionally group together in associations or clusters to tackle technical
and management difficulties. This practice enables training costs to be reduced and companies
also have stronger representation in the various forums. The clusters usually work well and on
some occasions even lead to virtual companies being created. However, suppliers, especially the
smaller among them, usually demand higher levels of cooperation because of their limited
management structures and technical capacities.

The sector’s logistics take on special importance. There is a common interest in
improving customisation and standardisation of packaging for reasons of cost, safety and
productivity. The process is complex due to the high number of part-numbers and the small
amounts manufactured in each lot. MRO logistics is similarly complex due to the need for a
rapid response to the final customer (e.g. airlines) and to reverse logistics movements that might
be produced. This need for an immediate response is especially important in unplanned
maintenance operations, such as in the so-called “Aircraft on Ground” (AOG) situations, which
indicate that a problem is serious enough to prevent an aircraft from flying. In these cases, when
replacement parts are not available, the supplier must build and deliver the parts urgently.

Supplier plants frequently set up around OEMs with the intention of gaining a
competitive edge from being near the customer. Proximity is a particularly important advantage
for suppliers of aeronautical structures as they are large size products and the savings in
packaging, transport and handling can be significant. In this line, the OEMSs use logistics

platforms to support their operations and reduce costs. Logistics operators have therefore been
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found who provide third-party logistics (3PL) services by transporting, storing and distributing
merchandise directly to the assembly line. But there are also the service providers that serve
OEMs and first tier suppliers. Apart from the tasks carried out by the 3PL, these latter also add
value to the service by handling the merchandise, and cutting the materials and distributing them
to the subcontractors. This allows SC members to individually concentrate on the areas where
they can provide the most value for customers (Farris et al., 2005).

Delivery frequency is overseen by the OEMs and first tier suppliers. "Milk run™ systems
are usually used for the suppliers who are nearest the factories and looking for transport cost
reductions. These systematics take advantage of transport synergy, but can also be regarded as
the starting-point for reductions in lot sizes. The OEMs have begun to demand “pull”
replenishment from their supplier base. However, it is complex for this to be implemented due
to the large numbers of items being handled and the large amounts of paperwork required for the
quality control and traceability of so many items.

The aeronautics industry organises flows of its largest volume products with returnable
packaging to guarantee cost reductions and prevent waste, and also for technical reasons, as the
customised packaging provides greater physical protection to the products transported and
handled between the SC members. Product protection and safety is a major concern given their
high value.

To conclude, it should be highlighted that an improvement in the sector requires the
integration of key processes. In this regard, for example, the development of new products has
broken down the inter-organisational barriers and a high degree of integration has been achieved
in the latest projects driven by high development costs, mastery of the technologies, and the
need to share risks. In new product development it is especially important to design products

that reduce MRO costs throughout their life cycles (MacDonnell and Clegg, 2007).
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4.3. Organisational relationships

This dimension presents the highest supplier and customer integration scores. This can be
attributed to the need for collaboration in the aeronautics SC. Formal communications channels
are set up to this end, especially between the OEMs and the first tier suppliers who hold
systematic periodic meetings. However, the experts state that these meetings are used to transmit
information from the OEMs but are not really discussion forums and are not used to help drive
proximity between suppliers to the benefit of the SC as a whole. There is also unscheduled
communication between the different SC partners because of day-to-day management or
specific one-off needs due to unforeseen events.

Partners should help make the programme successful through communication and
collaboration as their own success is also dependent upon it. Partners should therefore share in
the common goal of satisfying the final customer, and should be aware of the risks that projects
of this magnitude entail. The formula of shared risks and costs provides the necessary incentives
for customer and suppliers to work together and manage complex inter-company interfaces
efficiently. On the one hand, each of the companies individually seeks the best performance
from the transactions for which they are jointly responsible, seeking to cut down internal costs
(Sacristan Diaz et al., 2005). On the other hand, there is interdependence between the
organisations and a shared interest in achieving the success of the SC as a whole. As there are
individual interests and a common goal, inter-organisation processes tend to be more effective
as there is an incentive realignment which means that they share in the risks, cost and reward.
The main benefits for first tier suppliers in this risk, cost and reward sharing system include
long-term contracts, involvement at the outset of product development and selection as the sole
supply source. They can also achieve other advantages as they can purchase raw materials under

an aircraft manufacturer’s contracts that are extendable to its supplier base. These agreements
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envisage significant discounts for negotiated aggregated purchase volumes. The system also
entails an additional benefit for the supplier if total aircraft sales exceed the negotiated number.

Although they might be seen as a benefit of the risk and cost sharing system, long-term
contracts are to a large extent necessary due to the characteristics of the aeronautical product.
The product’s development cycle might be as long as fifteen years and the useful life of an
aircraft, thirty years. This means a programme can be active for forty-five years and, together
with the high development costs, this all requires relationships between SC partners to be close.
Even the relationship with the final customer is marked by this long period of time as aircraft
have to be maintained throughout their useful life and the manufacturer is obliged to stock spare
parts and keep operations and MRO manuals up to date.

However, there is still no specific behaviour aimed at the integration of the organisations
that make up the SC. They all recognise the need for integration, but see it more as an obligation
rather than the result of “firm organisational conviction”. The functional vision that is still
present in companies and hinders the SC focus once more needs to be highlighted. In this
context, lean manufacturing is being introduced into the sector and this will no doubt enable
advances in improving integrated behaviour to be made. The OEMs are consolidating lean
practices on the internal level and are seeking to spread the practice among their supplier bases.
However, the spread of good practice is meeting with resistance given the potential fear of
losing the competitive advantage gained over the competition.

This integrated behaviour should be present in the cross-functional and inter-company
teams that are created to make collaboration effective. Apart from the teams established for the
periodic meetings between the OEMs and first tier suppliers, teams that help to improve
operations processes are also required. When technical problems relating to the products
manufactured by their supplier bases arise, the OEMs and their first tier suppliers usually tackle

the problems jointly with their suppliers, insofar as their knowledge of the processes involved
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allows, by providing qualified personnel and contributing to a quick and effective solution.
However, inter-company and inter-functional teams only as far as specific problems and needs
exist, but not on a permanent basis with the objective of improvements.

To monitor its objectives, the aeronautics industry assesses the performance of its
suppliers. Basically the indicators measure on-time delivery and level of quality (or lack of
quality). When the defined objectives are not met, the supplier companies must present an action
plan for their indicators to reach an acceptable level. If the required indexes are not
accomplished, new business developments between the two firms are normally frozen.

Performance indicators are part of systematic company communication in the sector. The
OEMs communicate results compared to the goal that was set to the highest levels of the first
tier suppliers on a monthly basis. However, internal communication of the results does not
always reach all levels of the organisation. In other respects, although the indicators and the way
that they evolve are known, the experts point out that there are no solid systematics for
achieving improvements in indicators that do not reach their targets which means that, on some
occasions, improvements take a long time to be achieved.

To conclude, it must be stated that the SC is not geared up for applying contingency
plans if need be. Supply sources are, for the most part, unique and as there are no alternative
plans established between the two parties, the SC can easily be broken if one of the links
experiences some accident or unfavourable circumstance. Although the OEMs and the first tier
suppliers usually have risk minimisation mechanisms in place such as supplier audits, normally
there are no contingency plans, just action plans in case some problem arises.

Table 4 summarises the main strengths and weaknesses of each dimension based on the
results of Table 3 (significant strength: 5 points; moderate strength: 4 points; significant
weakness: 1 point; moderate weakness: 2 points) as well as possible improvement actions,

which are analysed in the following section.
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[INSERT TABLE 4 HERE]

5. Discussion and conclusions
An integration strategy between aeronautic SC members is required if the physical and
information flows are to flow smoothly and efficiently. Although variables can be found with
high levels of integration, there are also others that need to be improved. The marked functional
vision that exists in companies in the industry doubtlessly affects the various dimensions that
were analysed. Beginning with information integration, tools, practices and initiatives can be
found that support it, but there is still a clear margin for improvement. The most developed
factor in this dimension is information sharing, although this information does not usually come
from collaborative planning between partners. Exchange of demand and supply information
between the tiers is a key SC control mechanism facilitating the flow of material downstream
from the raw material producer to the final product (Bales et al., 2004). That is why tools are
being created (web portals, collaborative platforms, etc.) that seek real-time, efficient and low-
cost communication and the effective integration of the various SC members. Inter-company
meetings are also beneficial for information integration.

However, evident weaknesses are also uncovered, as integration diminishes upstream.
On one hand, more collaboration is called for in planning, since the OEMs wield great power in
the SC and unilaterally set the plans for a two-year horizon. Moreover, end customer
information does not flow in real time on all levels of the SC. This entails the risk of the
bullwhip effect occurring. On the other hand, upstream communication tools need to be
improved. The second tier suppliers and other upstream members do not usually have the
financial or training capacity to implement ERPs, which means they use tools that are not
integrated into the various functional areas.

Improvement actions are therefore required to achieve an increase in information

integration. A strategic by-process focus would help to improve both internal and external

-19 -


http://dx.doi.org/10.1080/09537287.2012.666870

Alfalla-Luque, R., Medina-Lopez, C. & Dey, P.K. (2013), “Supply chain integration framework using literature review”.
Production Planning and Control, V. 24, N. 8-9, 800-817. http://dx.doi.org/10.1080/09537287.2012.666870

integration. In other respects, second tier and upstream links should be helped to access
technologies that they could address in financial and training terms (Ho et al., 2004).
Applications like SAP-ECMA are in this line. Meanwhile, aeronautics clusters bring clear
benefits such as cooperation between cluster members and knowledge sharing (Emiliani, 2004)
and should work towards providing tools that help to improve integration information upstream.
However, a common concern is that divulged information could be copied by competitors or
shared with them, leading to a loss of competitive advantages. Despite these concerns,
information and knowledge sharing between SC partners offers more positives than negatives;
among other things, it enhances performance.

With regard to the coordination and resource sharing dimension, the highest-scoring
factors are those for agreements on delivery frequency and common use of logistical equipment.
The use of common logistics platforms, “milk-run” practices and returnable packaging are clear
examples of the search for reductions in cost and improvements in SC efficiency. However, the
sector still does not make full use of the opportunities that the “milk run” provides, such as
reductions in lot size of repeatedly purchased materials or, in the final instance, the purchase of
single units, with the ultimate aim of achieving a one-piece flow. In addition, the long distances
and/or isolated locations between where the part is produced or stored and where it is needed
present a logistics challenge, especially for the MRO activities (Farris et al., 2005). The experts
also mention the need to continue advancing in the standardisation of packaging although they
are aware of the difficulty that this implies given the different volumes and geometries of the
pieces and the small lot sizes. As far as cooperation is concerned, they highlight the important
role that company associations or clusters play as driving forces for improvements.

The worst scored factor in this dimension is work realignment with suppliers and
customers. The element that has the greatest influence on maintaining work distribution with no

major changes is cost. The cost incurred by changing suppliers is variable depending on the
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level in the chain where the supplier is located. Second tier suppliers are those who, in theory,
can be most easily changed, but in practice this change is extremely difficult. In addition to the
complex safety-tested and sealed routes, there is an exceptionally steep learning curve in this
sector. When a change is made in a source of supply, the learning curve starts all over again. In
other words, industrialisation begins with new methods and processes, different machines and a
different labour force. These variables accentuate any mistakes and productivity, in this case the
supplier’s productivity, falls. This change reflects on the programme leader by impacting on the
quality of the products received and causing delays in delivery, all of which, in short, generates
increases in cost. Another reason for leaving the supplier base and the work load practically
unchanged is the limited number of companies that operate in the sector. Little opportunity for
finding alternative sources of supply means that leading industries leave their supplier base
virtually untouched. According to the experts, the solution to this problem is complex, as
companies that want to break into the sector have to address a high financial load due to the long
manufacturing lead times and the long payment deadlines. To these are added the demands of
technology, and the quality and certification demanded for becoming part of the supplier base.
The factors for long-term relationships and incentive realignment received the best
scores in organisational relationship. The need to share product development costs has led
OEM s to build up solid alliance relationships with their supplier bases, emphasising long-term
relations. The sector is currently looking for a supplier model with integral management of work
packages and the maximisation of added value. Suppliers therefore have to support each other.
There is a major need for integration as their size, resources and position compared to the OEMs
mean that they have to adopt collaborative strategies if they wish to meet the needs and demands
of aircraft manufacturers. It is very important to share skills, ideas and tools for this reason. In

this respect, the experts believe that specific forums should exist within the aeronautics
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associations or clusters for the exchange of experiences and practices. The best management
solutions put forward should be circulated among the SC members.

The worst-scored factor in this dimension is establishing contingency plans. It is not
normal for the sector to have well-defined plans and alternative solutions in case of some
unforeseen circumstance. It should be remembered that the pieces, components, systems, etc. are
exclusively designed for each model of aircraft, the number of qualified suppliers is limited and
the available means of production, tools, machines, and so on, at each supplier are also
exclusive. Given the special features of the industry, there are few contingency plans. For this
reason the experts consider that a system needs to be established that would appropriately assess
any risks with a view to corrective measures being adopted in financial and technical terms
before any problems were to occur.

Previous literature states that intra-company (or internal) integration is the starting point
for broader integration across the SC (Cagliano et al., 2006). In this respect, on the basis of the
scores awarded by the experts it can be concluded that, broadly-speaking, the level of internal
integration is greater than external integration. Nevertheless, it is evident that there is still room
for improvement. With regard to external integration, it can be seen in general terms that the
further upstream one goes, the lesser the degree of integration. Following the arcs of integration
defined by Frohlich and Westbrook (2001), the first tier suppliers in the aeronautics sector can
be stated to have a periphery-facing arc of integration, although there is greater integration with
the OEMs than with second tier suppliers.

In keeping with Fisher's matrix (Fisher, 1997) the aeronautics product requires an
efficient SC in which the primary goal is to minimise cost. The industry is aware of this and is
starting to incorporate lean manufacturing concepts, albeit belatedly according to the experts.
The current SC set up, with long lead times, intermediate inventory and other wastage during the

process flow, cannot go on unchanged. Boeing has pioneered putting into practice
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improvements in efficiency through implementing lean manufacturing (Rose-Anderssen et al.,
2009). At the present time, OEMs run lean programmes for internal manufacturing. The
programmes are starting to bear fruit and the aircraft manufacturing companies are beginning to
disseminate the techniques that they have learnt among their supplier bases. Lean initiatives will
have a positive impact on improving levels of SCI (Moyano Fuentes et al., 2012).

Logistics tools also have a great potential for improvement in the sector. The use of VMI
is an example of a tool that can drive SCI (Lee, 2000), as can RFID (Ramudhin et al., 2008).
Boeing and Airbus already use RFID systems. This technology should be used increasingly and
should undeniably contribute to improvements in visibility, communication and relationships
between SC members in manufacturing and in MRO activities alike (Ramudhin et al., 2008).
Both VMI and RFID implementation can efficiently contribute to neutralising the bullwhip
effect by providing more accurate information more quickly.

The findings of the present paper have direct managerial implications. For the
perspective of first tier suppliers, the study has brought to light deficiencies that need to be
tackled if the required SCI is to be achieved. All that is left is the complex task of putting the
actions in place for this to be done. Executives in other sectors may also find that the analysis in
this study can act as a point-of-reference for them for improving their own SCI.

This research has been done by conducting a literature review and consulting experts.
The latter entails some limitations that are considered to have been overcome by the
methodological rigor followed and the characteristics of the experts chosen, all of whom have
ample experience in the sector in logistics, SCM and OM. By focusing on first tier suppliers this
study has been able to position itself on a key link between the powerful OEMs and the
fragmented second tier suppliers, with a clear view of upstream and downstream problems.

However, the next objective is to extend this study to OEMs and second tier and raw material
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suppliers with the aim of presenting the situation of the aeronautics SC as a whole and the

different visions that can be had depending on level in the SC that the company occupies.
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Table(s) with caption(s)

Table 1. Correspondences between Lee’s (2000) and Bagchi et al.’s (2005b) dimensions.

Lee (2000) Bagchi et al. (2005b)

= Information integration = |nformation sharing and communication across the supply chain

= Coordination and resource sharing = Collaboration and shared decision-making with network partners

= Organisational relationship linkage | = Collaboration leading to risk, cost, and gain sharing (operational and
strategic collaboration)

Sharing of skills, ideas, and institutional culture

= Organisation

Table 2. Articles that study aspects related to each SCI dimension in the aeronautics sector

Dimension Article

Information Bales et al. (2004); Emiliani (2004); Esposito and Passaro (2009); Farris et al. (2005); Gulledge
integration (1) | (2002); Ho et al. (2004); Laframboise and Reyes (2007); MacDonnell and Clegg (2007);
O'Sullivan (2003); Paliwoda and Bonaccorsi (1994); Pankaj and Larry (2004); Reed and Walsh
(2002); Rota et al. (2002); Russell and Hoag (2004); Zuckerman (2007)

Coordination | Anderson (1995); Bales et al. (2004); Bozdogan et al. (1998); Esposito and Passaro (2009); Gary
and resource | and Pervaiz (2000); Grant (2003); Paliwoda and Bonaccorsi (1994); Farris et al. (2005); Pankaj
sharing (CRS) |and Larry (2004); Smith and Tranfield (2005)

Organisational | Anderson (1995); Bales et al. (2004); Brookes et al. (2007); Cagliano et al. (2005); Esposito and
relationship Passaro (2009); Farris et al. (2005); Frear and Metcalf (1995); Gary and Pervaiz (2000); Morton et
linkage (ORL) |al. (2006); Paliwoda and Bonaccorsi (1994); Pankaj and Larry (2004); Rose-Anderssen et al.
(2008); Smith and Tranfield (2005); Zsidisin and Smith (2005)

Table 3. Ratings for SCI in the aeronautics sector

Level of integration (Tier 1) with
Dimensions Variables Suppliers | Internal |Customers
(Tier2) | (Tierl) | (OEMs)
Information sharing 3 4 5
Information | Information technology integration 3 3 4
integration | Collaborative planning 1 3 1
(1 Joint demand forecasts. Real-time and end customer information 3 3 2
Joint replenishment forecasts 2 4 3
Shared decision-making 1 4 2
Cooperation 3 3 4
Coordination | Work realignment 1 4 1
and resource | Reorganisation of outsourcing. Common use of 3PL 2 - 1
sharing Packaging customisation/standardisation 3 - 4
(CRS) Agreements on delivery frequency 3 - 5
Common use of logistical equipment/containers 4 - 5
Process integration 3 4 3
Design and maintaining of communication channels 3 4 4
Laying down performance measures 4 3 5
Incentive realignment: collaboration leading to risk, cost, and 4 ) 4
Organisational reward sharing ((_)peratlonal and strategic collaboration)

relationship Integrated behaviour 3 3 2
linkage (ORL) Joint establishment of objectives for all parties in the chain 3 3 4
Sharing of skills, ideas, and institutional culture 3 3 2
Drawing up of contingency plans for quick problem solving 2 2 1
Forging and maintaining long-term relationships 4 - 4
Creating Teamwork along SC and cross-functional teams 3 4 3
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Table 4. Main strengths and weaknesses in each SCI dimension

Strengths Weaknesses Possible improvement actions

(++) Information sharing with  |(--) Collaborative Use of collaborative work platforms along the SC (especially
OEMs planning with increased connectivity upstream)

(+) Information technology suppliers Establish systematic and programmed meetings between Tierl
integration with OEMs (--) Collaborative and suppliers upstream

(+) Internal information sharing planning with Increased direct information between OEMs and Tier2 and

(+) Internal joint replenishment OEMs upstream

forecasts

(-) Joint demand
forecasts with
OEMs

(-) Joint replenishment
forecasts with
suppliers

Increased end customer information upstream

Improved upstream communication tools and collaborative
planning

Aeronautics clusters directed at improving integration
information upstream

Adoption of a strategic by-process focus along the SC

Access of Tier2 and upstream to ERP systems and IT tools

Improve ERP systems to reflect MRO activities

(++) Agreements on delivery
frequency with OEMs

(++) Common use of logistical
equipment with OEMs

(+) Internal shared decision-
making

(+) Internal work realignment

(+) Internal process integration

(--) Shared decision-
making with
suppliers

(--) Work realignment
with suppliers and
OEMs

(--) Reorganisation of
outsourcing with

Continue with change from traditional model to one of first tier
suppliers with solid resources for managing their raw
materials and their production processes.

Improved management, technical and financial capacity of
upstream suppliers

Increased limited possible partners upstream

Continue advancing in packaging customisation and
standardisation to achieve more agile and flexible logistics

(+) Incentive realignment with
suppliers and OEMs

(+) Forging and maintaining
long-term relationships with
suppliers and OEMs

(+) Laying down performance
measures with suppliers

behaviour with
OEMs

(-) Sharing of skills,
ideas, and
institutional culture
with OEMs

% (+) Cooperation with OEMs OEMs Increase the use of milk run systems
(+) Packaging customisation/ (-) Reorganisation of |Improve logistics in MRO activities
standardisation with OEMs outsourcing with Reinforced use of returnable packaging seeking cost reduction
(+) Common use of logistical suppliers and waste prevention
equipment with suppliers (-) Shared decision-  |Reinforced role of acronautics cluster to tackle SC partners’
making with OEMs technical and management difficulties
Develop use of VMI and RFID in the sector
Increased intensity of lean implementation
(++) Laying down performance |(--) Drawing up of Develop mechanisms for prevention, contingency plans and
measures with OEMs contingency plans alternative solutions
(+) Creating internal cross- for quick problem |Assess any risk in order to take financial and technical
functional teamwork solving with OEMs | corrective measures
(+)Designing and maintaining (-) Drawing up of Design a monitoring and continuous control process for short-
communication channels contingency plans term solutions
internally and with OEMs for quick problem |Adopt a process approach along the SC
(+) Joint establishment of solving internally  |Develop suppliers competent to execute integral management
E:I objectives for all parties in the and with suppliers of work packages and maximise added value
(@) chain and OEMs (-) Integrated Adopt collaborative strategies

Improve integrated behaviour of the SC partners, for example,
through the use of lean practices

Establish specific forums within the aeronautics clusters for the
exchange of experiences and best practices.

Enhance the creation of cross-functional and inter-company
teams on a permanent basis

(++) Significant strength (+) Moderate strength (--) Significant weakness (-) Moderate weakness
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