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Zusammenfassungen

Additive Manufacturing bietet ein groBes Potenzial in der Luftfahrtindustrie durch die grofe Designfreiheit und der damit
einhergehenden Moglichkeit hochkomplexe und gewichtsoptimierte Bauteile zu fertigen. Weitreichende Optimierungen
der bisherigen Prozesse sind auch im Bereich von Maintenance, Repair und Overhaul (MRO) zu erwarten. Mit Hilfe von
Szenarien wird beschrieben, welche Moglichkeiten sich aus der Integration dieser Technologie ergeben, wobei zwischen
unterschiedlichen Integrationsstadien unterschieden wird. Die Einfithrung von AM als weitere Fertigungstechnologie zur
Reparatur von Ersatzteilen ist dabei der erste Schritt. Die hohe Genauigkeit reduziert den Nachbearbeitungsprozess im
Vergleich zu konventionellen Fertigungsmethoden wie zum Beispiel das Auftragsschweifen. Fiir die schnelle Reparatur
bei unerwarteten Bauteilausfallen, die zum voriibergehenden Flugzeugstillstand fithren, werden groe Anforderungen an
die Logistik gestellt, um die bendtigten Bauteile aus dem Ersatzteillager zu erhalten. Diese Lagerhaltung erzeugt hohe
Kosten und kann durch den Einsatz von Additive Manufacturing erheblich reduziert werden. Distribuierte, generative
Fertigungszentren konnen dabei zu einer weitreichenden Umstrukturierung der bisherigen Ablaufe fiihren, in dem das
benotigte Ersatzteil vor Ort on-demand hergestellt wird. Die sich daraus ergebenden Chancen und Risiken fiir die
beteiligten Unternehmen werden in der Présentation beleuchtet. Es wird gezeigt, inwiefern MRO und OEM Betriebe
davon beeinflusst werden und welche Verinderungen der bisherigen Abldaufe notwendig sind, damit die vorgestellten
Einsatzszenarien umgesetzt werden kénnen.

Additive Manufacturing offers a high potential in the aerospace due to its freedom of design and the ability to manufacture
complex and lightweight parts. Profound changings of the existing processes can be expected for the area of Maintenance,
Repair and Overhaul (MRO) as well. It is described with the help of scenarios which chances result from the integration of
this technology while different applications are considered. It starts with the implementation of AM as another
manufacturing technology for the repair of spare parts. The precision reduces the effort for post-processing in comparison
to the conventional manufacturing methods such as the build-up welding. If an unexpected part breakdown occurs and
the aircraft has to stay on ground, there are high demands on the logistics to deliver the required spare parts from the
warehouse as fast as possible. The storage of spare parts causes extremely high costs and can be considerably reduced with
the help of Additive Manufacturing. Distributed generative manufacturing centers can lead to a far-reaching restructuring
of the existing processes where the required spare part is manufactured locally on demand. The resulting opportunities
and risks for the involved market actors are shown within the presentation. It is described how MRO service providers and
OEMs are affected by that and which changes of today’s processes are necessary to implement the presented scenarios.
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1. Introduction

The global competition forces European aerospace companies to optimize their processes and to become more cost
efficient. Additionally they have to meet the aeronautics’ high requirements to be flexible and react short-term due to a
volatile demand especially in the spare part industry. Only if the aircrafts are ready for operation and airborne they
generate turnover and profit. Maintenance, Repair and Overhaul (MRO) providers have to comply with these needs to stay
in the market and to satisfy their customers. They have to maximize the serviceability of aircrafts. The necessary flexibility
cannot be achieved with conventional manufacturing methods, so extensive warehousing is conducted. Figure 1 shows that
the storage of aerospace parts causes worldwide costs of 4.5 to 6.5 billion Euros every year. 50% of the costs are provoked
by capital lockup [FrLiog].

Source: Author according to [FrLiog]
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Figure 1: Breakdown of the annual costs for warehousing of aerospace parts

Additive Manufacturing (AM) offers high cost saving potential in this area. The technology produces a part layer by layer
and thus does not need any tools and is very flexible. Even complex products can be manufactured at nearly no extra costs.
This enables the OEMs to design lightweight products which decrease the fuel consumption of aircrafts. Additionally,
waste is avoided to the greatest possible extent because the buy-to-fly ratio of AM is usually close to one and thus almost
optimal. The flexibility of the production reduces the storage and logistics costs and a lean supply chain is feasible.

Although there are several advantages, AM is currently hardly used. Within this paper different scenarios are developed to
describe thinkable exploitations of the technology and to give an outlook how foreseeable developments can be integrated
into the existing business models of the market participants.

Today the repair processes need several different process steps. AM can reduce their number with a better near net shape
geometry that needs less finishing compared to welding for example. The aim is to get to an automated process with
further technology developments so that manual handling is avoided as far as possible.

AM does not only affect the production of spare parts but also the supply chain. Nowadays the unpredictable demand is a
problem for every spare part supplier and every maintenance organization. The conventional manufacturing process is
often not quick enough to produce the required spare parts on demand especially due to the need for tools and the setup
time. Therefore a huge amount of spare parts is put in storage to guarantee the delivery in time (cf. figure 2).

Source: Author according to [WHY04]
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Figure 2: Conventional demand supply chain for spare parts in aeronautics

Most companies have undertaken enormous efforts and investments to accomplish an effective supply chain management
to offer a reliable, fast acting fulfillment. The main goal is to achieve high quality for a low price. However, warehousing
hampers to get there. [KPH13]

The specific characteristics of AM offer the chance of being more flexible in manufacturing as well as in fulfilling the
demand of the supply chain. It becomes more and more important not just to offer spare parts and their delivery but to
focus on a high level of customer value. The key aspect is the operation time of the aircraft and to keep the downtime costs
as low as possible. [KPH13]



With regard to EASA formalities there are mainly three different types of organizations to distinguish: The “Part 21/J
Design Organization” is allowed to design parts for aircrafts and to prepare Component Maintenance Manuals (CMM). A
“Part 21/G Production Organization” can manufacture aerospace parts with regard to the manufacturing instructions
given by the Design Organization. “Part 145 Maintenance Organizations” are allowed to maintain aircrafts and to repair
aerospace parts with the repair information given by the 21/J Design Organization. A company is not limited to one
approval but can have different ones. [Hins12]

2. Scenario 1 - AM will be used as an additional repair process in existing MRO Chains

The first scenario envisages that AM becomes an additional repair method in existing MRO chains. During the use of a
part there is often material worn off and the repair process has to restore the original geometry. The application of
material can be done with AM which offers a better accurateness than the conventional welding for example and can
manufacture even complex geometries. This shortens the finishing process and the overall number of repair steps. The AM
repair of worn and defective parts is novel and much more difficult in comparison to the manufacturing of a completely
new part which is currently state-of-the-art for AM. The machine has to know exactly the position of the part. Currently it
is necessary for AM that the parts to be repaired have a ground zero where AM can build on. Further developments might
enable the direct build up on the existing geometry. This reduces the pre-processing effort as the part does not have to be
milled down to a defined level. An important factor is the platform where the part is attached to. It guarantees the fixture
of it and dissipates the heat from the part. Future developments could offer the chance to change the size of the build
chamber within one system. This shall give the required flexibility to choose the optimal solution for every order and saves
the acquisition of machines different sizes.

3. Scenario 2 - AM will be used to produce spare parts

The second scenario describes the application of AM as a spare part manufacturing method. The aircraft manufacturer put
a lot of effort into the transfer to a lean production with conventional manufacturing technologies to be able to react short-
term on discrepancies. Nevertheless the overall supply chain is not fast enough to deliver a required spare part within the
short time frame that is common in the aerospace sector. Due to the shortfall of tools, AM can start to produce products
almost instantly and offers a flexible production for the volatile spare part demand. Especially slow-moving parts that
generate high costs during storage can be replaced by additively produced ones. There are some limitations due to the size
of the build chamber and the speed or the material choice. But future developments will broaden the scope of application
and more parts will be able to be produced by AM. This can be realized in two different ways. On the one hand the OEM
can produce the required part and send it to the MRO provider that ordered it. On the other hand it is thinkable that there
is a database where the production instructions are saved. After the MRO provider detected the defective part it does not
order a new one from the OEM but buys a license to use the manufacturing data from the OEM for an in-house single part
production. In this case the supply chain gets considerably leaner and the MRO provider can react much faster. If the
MRO provider is not able to produce the spare part by itself or has no capacity there are two options. First, the OEM
provides manufacturing capacity by its own and is able to produce the demanded spare part for a MRO provider. Secondly,
a service provider can manufacture the part instead.

In contrast to the easy access for the MRO provider, the digital availability put the security of the information at risk. If the
data is stolen and illegally distributed on the web, the OEM loses profits of the license purchase and has to face product
piracy. For this risk counteractions have to be developed, for example an encryption and a machine-to-machine
communication between the database and the AM system with certified devices that are only allowed to use the data.

4. Scenario 3 - AM will become a necessary technology for MRO providers as
technology emerges and aircraft manufacturers use AM for their aircraft’s design

The next scenario shows the application of AM for the design of aircrafts. The primes like Boeing and Airbus can use AM
parts to enhance the performance of their aircrafts. To reduce the aircraft’s weight in order to save fuel, lightweight parts
are required as fuel efficiency is a major criterion when airlines purchase new aircrafts [Boei12]. The assembly effort can
be reduced, too, because AM can build assembled products or an integrated assembly support. The typical low scale
volume production is another reason to use AM as it does not need to manufacture in batches [Gebho7]. Furthermore
parts can be optimized for their application without the need to be suitable for conventional production. The reliability is
going to be higher for the function-optimized parts. The complexity of parts can increase without entailing higher costs for
the production. Further developments of the accurateness will lead to just a minimum amount of finishing so parts can be
produced just in time. Warehousing can then be significantly reduced while the supply chain gets more agile. So the
primes have a higher flexibility within their production as they often have to decrease and increase the in- and output due
to a volatile order receipt and counter-orders. The introduction of AM by the primes has the positive side effect that the
technology is officially approved and is integrated in the Component Maintenance Manuals (CMM). Then the MRO
providers latest can use the technology to repair defective parts and gain all the advantages that come along with it.

5. Scenario 4 - AM will become a vital part of MRO processes



The last scenario describes an advanced application of AM in the aerospace. The current processes to repair a defective
part are complex and the supply chain is long. A well-developed AM technology can significantly simplify the described
proceeding. It is then possible to manufacture spare parts at the airport where the aircraft alights. Together with a reliable
part monitoring and usage based lifetime prediction, the part can be produced with AM while the aircraft is still in the air.
Therefore the aircraft’s monitoring system has to become more accurate as it has to detect not just the system that failed
but also the exact part that caused the incidence. As mentioned before the costs for warehousing are extremely high in the
aerospace industry. Due to a flexible on-time manufacturing, warehousing and shipping expenses could be significantly
reduced. Thus costs could decrease considerably and the MRO provider could become much more competitive

To reach that goal the AM technology has to be improved in different areas. First of all it has to become much faster in the
production of parts while the build chamber has to become bigger at the same time to manufacture large parts in an
acceptable period of time. Furthermore the surface and dimensional accuracy has to become better to reduce finishing to a
minimum. More materials are necessary to produce parts that fit specific requirements. Therefore a flexible material
processing and perhaps a multi material production are inevitable. To manufacture spare parts at all there has to be a
database containing the manufacturing data provided by the OEMs and primes where a license can be purchased to build
the part additively at the airport.

6. Conclusion

Up to now the introduction of AM in the aerospace industry is hesitant. There are still some problems that have to be
solved but nevertheless there are already applications possible. One major problem is still the certification of the
technology as the process is not perfectly stable and there are many influence factors that affect the part quality. The build
chamber size and the speed of the manufacturing process are both not at the level that they need to have for a full
application in aeronautics. Nevertheless some of the tier 1 suppliers already research applications and try to bring the
technology to the market within the next years to be able to profit by the advantages of AM.

The currently existing business models will be influenced in the future by the use of AM because the technology offers new
potentials. The shape of the change can differ enormously. It depends on the development of the additive technology
within the next years. The faster the technology will develop the more opportunities are going to be provided. The question
is to what extent the “Part 21/J Design Organizations” will make use of the technology. One can assume that the better the
technology, the higher is the chance that the technology is used more often. This is the case especially if improvements in
the areas of surface quality, dimensional accuracy and process control will be achieved. Thus the technology can be used
for a much broader area of applications and can cause further changes of the existing business models.
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