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Abstract

Airbus’ mission is to meet the needs of airlined aperators by producing the most modern
100+ passenger aircraft on the market. One wellveroapproach for the realisation of high-
performance light-weight structures is the applicat of carbon fibre-reinforced plastics
(CFRP), offering the costumer the benefit of lovergy consumption when operating the
aircraft.

For the production of CFRP aircraft components liijuComposite Moulding (LCM)
processes are of major importance as an economiclymtion of highly integrated and
complex-shaped parts can be realised. One majolierige for the further development of
LCM processes is the automation of the processstep

1. Introduction

The latest Airbus Global Market Forecast for 20032 offers a forward-looking view of the
air transport sector’s evolution, taking into aatbdrivers and factors such as population
growth, urbanisation, emerging markets, innovat@oal environmental impact. During this
period, Airbus foresees the need for some 27.3688guayer aircrafts with seating capacities of
100 seats and above, along with nearly 900 nevorfiattuilt freighter aircrafts. The Global
Market Forecast also anticipates more than a doglbdf the world’s overall passenger
aircraft inventory, from 15.000 today to more ttgh500 by 2031. [1]
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Figure 1. Left 20-year demand for 28.200 new passenger anchfraigcraft [2],Right A350 XWB composite
applications [3]

At the same time, it is expected that the worl@ading aircraft manufacturers will face an
increasing competition, e.g. due to new competitensering the market. Taking these
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boundary conditions into account aircrafts need@éomanufactured in the most economic
way, offering the costumer an excellent price-pen@ance ratio. Furthermore, the products
need to fulfil the demands for the lowest possibed consumption and simultaneously for an
increased seating capacity. Regarding the produdfi@ircraft components, the realisation of
light-weight approaches is required. Possible tmehnsolutions are the development of
alternative part designs or new material conceptsadever synergy of both.

One proven approach is the application of fibredieeiced plastics (composites), particularly
the use of carbon fibre-reinforced plastics (CFRRYts made of fibre-reinforced plastics are
characterised by excellent weight-specific mectanproperties. Furthermore, composites
offer the freedom of design, the potential to praiighly integrated structures and very
good resistance against environmental influences.

In modern civil aircrafts like the Airbus A350 XWE3 % of the structural weight consists of
components produced with composites [4] (Figureght). Examples for major components
realised with a significant content of CFRP areftiselage, the wings as well as the vertical
and the horizontal tail plane.

2. Liquid Composite Moulding

Today, the production of structural composite pavith thermoset matrices is realised by a
great variety of manufacturing processes [5]. Cositps with maximum mechanical
properties which are required for aircraft compdseare often produced with prepreg
materials out of epoxy matrices and carbon fib€amnmonly, these are placed and draped
onto a mould and cured in an autoclave [6]. Thdiegprepreg materials ensure a high and
constant fibre volume content as well as a goodregupation of the reinforcement fibres
leading to a high part quality and thus to excelteechanical properties.

For the production of structural components witkieay complex design (e.g. multi-curved
geometry, H-shapes, small radii, undercuts) LiqQmmposite Moulding (LCM) processes
offer a great potential for an efficient production

In LCM processes dry fibre reinforcements are uagdasic material. In a first step, the
reinforcements are processed to near-net-shapéatpeeaccording to the intended lay-up of
the laminate. The geometry of the preform equadsfithel geometry of the part. In a second
production step, the preform is placed into a maarhd impregnated with a liquid resin
system. For the realisation of very high mechanpcaperties epoxy resin systems are used.
After the impregnation, the resin system is cumedhie mould, usually by applying heat in
order to accelerate the curing process.

LCM processes can be carried out in a very ecoreimiay as the basic materials used are
significantly less expensive than prepreg materialsnost cases, no conditioned storage and
processing of the reinforcement textiles are regliDue to the possibility of combining a
large range of fibre reinforcements with differenaisin types a wide spectrum of part
properties can be covered. Complex laminate layeapsbe realised by modern preforming
manufacturing technologies.

Generally, LCM processes are divided into two n@icess groups based on the principle of
impregnating the fibre reinforcement with resine$é are designated as Resin Infusion (RI)
and Resin Transfer Moulding (RTM) processes.
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Figure 2. Left Principle of Resin Infusion (RIRight Principle of Resin Transfer Moulding (RTM) [7]

Resin Infusior(RI) processes are characterised by an impregnafithe fibre reinforcement
that is driven by the application of vacuum to #et-up. As a consequence the maximum
differential pressure usable for the impregnatidérthe fibre reinforcement is 1 bar. Resin
Infusion (RI) processes are commonly used to predaige parts with a thermoset matrix in
a very economic way as only a one-sided rigid maailgsed. Thus, the investment in tooling
Is comparatively little.

The textile preform is placed onto the mould, cedewith a vacuum bag and sealed with
tape. For the fast impregnation of the fibre reioément a distribution medium with a high
permeability is used. Thereby, the resin is disteld very quickly within the medium and the
impregnation of the reinforcement has to be redlisaly in thickness direction of the

reinforcement. For an easy separation of the pam the vacuum bag and activation of the
surface a peel ply is placed between fibre reirorent and the other ancillary materials.

When using thé&kesin Transfer MouldingRTM) process, the impregnation of the preform is
realised by the application of pressure. Compaoeithé¢ Resin Infusion process stiff moulds
are used offering the possibility to apply a diéfetial pressure > 1 bar. Thereby, the
impregnation quality and thus the laminate qualéy be improved.

For the RTM part manufacturing a prepared net-sipae®rm is inserted into the cavity of a

rigid mould, similar to a mould which is used ifeiction moulding. By closing the cavity the

preform is compressed to the final fibre volumeteah For the impregnation of the preform,

the resin is injected into the cavity through omemmre injection gates. After the preform is

completely impregnated, the part is cured at tlgpired temperature and demoulded. The
essential advantage of the RTM process with reggatlle serial manufacturing of composite
parts is that the process can be well automated.

3. CFRP components produced by LCM at Airbus

Within Airbus, high-performance CFRP parts are pmdl for more than 20 years, also
applying LCM processes. Today, the production ofrait components by LCM processes
within Airbus is concentrated in three plants whinte located in Getafe (Spain), Nantes
(France) and Stade (Germany). Per year, significanore than 10.000 parts are produced
using LCM technology and the trend is increasinige parts produced vary significantly in

size, geometric complexity and laminate thickn€&BRP components for all civil aircraft

programmes (Single Aisle, Long Range, Large AitcA880, A350 XWB) are produced by

these production technologies. Subsequently, tlecess chains for the production of
components by RI as well as for the productionashponents by RTM are discussed.
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3.1. Resin Infusion (RI)

An example for the application of the Resin Infusfmocess is the production of angles for
the keel beam of the A350 XWB. A part with a lengthapprox. 4,5 m is produced in a
single infusion step.

Angles for keel beam:

= Programme: A350 XWB

= Laminate thickness: ~ 10 - 20 mm
= Production site: Nantes

Angles for keel beam

-9

— ~ 4500 mm ——

Figure 3. Angles for A350 XWB keel beam, produced in Nant&syrce: Airbus]

The main process steps for the production of thiegra cutting of plies, preforming, setup of
vacuum bag, infusion of resin and curing. Subsetlyethe part is demoulded, deburred and
cleaned. Final process steps are the control gidntequality and trimming, if required.

Resin Infusion and curing Demoulded part

Figure 4. Process chain for the production of a CFRP paRésin Infusion [Source: Airbus]

The main benefits of RI processes are:

» The production of parts with almost any size isgiase, in particular the production of
large-surface parts. There are only very low litiotas in terms of geometric complexity
and laminate thicknesses.

» Parts with a high level of integration can be pmmtiwhich leads to a significant cost
reduction in the subsequent assembly steps.

* The lead time of the infusion process is short hes impregnation of the preform is
realised into thickness direction of the reinforesim

» For the curing of the part no autoclave is requifeg the use of ovens or self-heated

tools high heating and/or cooling rates can besedl
3.2. Resin Transfer Moulding (RTM)

Examples for the application of the Resin Trandféoulding (RTM) process are the
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production of a door surround frame for the maiate® door in Section 19 of the
A350 XWB with a length of about 3 m or of fittingsr the A320 Vertical Tail Plane (VTP).

Door surround frame for maintenance
door in Section 19:

= Highly integrated part

= Production site: Getafe

Linear force fittings:
= 12 parts / aircraft
= Production site: Stade

Airbus A320 (Single Aisle, SA)

Inner i r“: -

Door surround frame Linear force fitting fitting et J

\ £

=, Outer /)

fiting /)

N
3i000imm +«— ~ 450 mm — 0000

Figure 5. Left Door surround frame for Section 19 of the A350 BVproduced in Getafe [Source: Airbus],
Right VTP fittings, produced in Stade [Source: Airbus]

To illustrate the production of CFRP componentsR®sin Transfer Moulding (RTM) the
process steps for the production of VTP fittings flee Single Aisle programme (Airbus
A318-A321) is described in the following. The fitys are used for the connection of the
Vertical Tail Plane (VTP) to the fuselage structiamed thus are subject to very high
mechanical loads during flight. The main procegpstfor the production of the fittings are
cutting of plies, preforming, injection and curin§ubsequently, the part is demoulded,
deburred and cleaned. Final process steps areotiieokof the part quality and trimming, if
required.

One of the major advantages of the Resin Transfaxléing (RTM) process is the feasibility
to introduce a very high level of automation irtte manufacturing process. In the case of the
fitting production an automated RTM production aedls implemented (Figure 6).

Injectionand \\Demoulding and
curing tool cleaning

Cutting of plies Preforming

Injection
unit

Mould
preparation —»
area

Demoulding and __— (=2
cleaning station \

Control unit — =
N B

Figure 6. RTM production cell [Source: Airbus]

This automated production unit was developed tagethith the Composite Technology
Center (CTC) GmbH Stade and finally integrated serdal production environment in 2010.
The production of the parts requires very littlenua operations. Most of the process steps
are performed automatically: First, a preparedqrefis placed into the RTM mould. The
industrial robot, responsible for all logistic taskithin this production cell, places the mould
into the heating press. Afterwards, resin is igdanto the RTM mould by an injection unit.
The mould is heated to curing temperature anditpugdl resin is cured. After completion of
the curing cycle the robot moves the hot mould tmaling station. Finally, the part can be
demoulded and the tool is prepared for the negttmgn cycle.
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Airbus produces structural parts in the RTM proahss to the following main benefits:

» Parts can be produced with a reproducible lamitigitkness. Thus, the fibre volume
content is exactly defined, also for very thicktpde.g. laminate thickness > 50 mm).

» The contour of the part is very accurate which $e&m significant cost reductions in
following assembly steps. Net-shape productionassgble, thus, no further machining
processes are required.

» Almost no ancillary materials are used.

» Parts can be produced with a high level of integnat

* The RTM process can be well automated, as showheiexample above.

4. Challenges

Considering the process chain for the productionstfictural CFRP parts by LCM
technologies, one of the main challenges withircraft industry is the delivery of
components with excellent quality with reduced léate. The benefit of a reduced lead time
during production for the final costumer, the aielj is the accelerated availability of the
ordered product. As the length of the planning zwri and the precision of the demand
forecasts are codependent, shorter delivery tiees o higher prediction accuracy. Thus, the
airlines can predict their demand for aircraftshwat higher accuracy leading to maximum
capacity utilisation of the fleet.

Two general approaches are followed to fulfil tleenédind of a reduced lead time:

» Existent process steps are accelerated: This caredlesed by the introduction of
automation solutions. An optimum degree of autoomathas to be determined in
dependence of the production rate, part compleaity labour costs. Furthermore, the
processing time of the materials needs to be mgdchi Today, the processing time is
substantially defined by the curing time of thamesy/stems.

» Process steps are saved by the production of higtdgrated parts: The workload for the
production of highly integrated structures needdeolower than the workload for the
assembly of multiple parts with low integration éév

4.1. Automation of process steps

Considering the required process steps for theyatazh of CFRP parts automation solutions
are aiming at the acceleration of the preform petida, the injection of the resin, the curing
of the resin, the demoulding of the cured part, ¢cleaning of tools and the application of
release agent (if required).

Besides numerous Research & Technology project®orpeed inside the Airbus Group
several initiatives at other research institutians observed aiming at improvements along
the LCM process chain. Examples are documenteshir2].

One very promising approach aiming at a fully awted, full-scale RTM production line is
followed within the research project “EVo-RTM”, trdated and lead by the Center for
Lightweight-Production-Technology (ZLP) of the GemimAerospace Center (DLR) in Stade
[13]. An intensive exchange between Airbus and DiaR been established to consider serial
production demands from the beginning. The cha#lelogbe solved by the DLR’s research
activities is the development of production teclggl for complex, three-dimensional parts.
Examples for such parts within an aircraft arengigrs, frames and beams. Another challenge
is to provide a process capable of the productfid®©6.000 parts per year.
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The production of 100.000 parts per year leadspgméduction rate of about 20 parts per hour,
assuming a three-shift production. State-of-thevaterials in aircraft industry used for RTM

parts are hot-curing, single-component epoxy resitts curing cycles of 90 min and more. A

reduced cycle time with existent materials requiaesoptimisation of heat treatment. A

promising approach is the isothermal processiny witlownstream curing by splitting cure
time between the heated RTM mould and an oven.

For the needs of automation bi-component resiresystprovide a better handling behaviour
compared to single-component resins and is exantigddl. R as well. The development of a
mature process by controlling the process paraset@me of the project’s scientific goals.

Technological innovations which are gained durindh@s’ research and technology activities
- often performed together with research partnease- continuously transferred into serial
production. Thereby, Airbus is able to produce CFpRd&ts with cutting edge LCM
technology considering highest quality requirememd economic demands at the same time.

4.2. Increase of integration level

Another approach for the reduction of the lead tolneing production of CFRP parts is the
manufacturing of parts with a high level of integra. Thereby, subsequent process steps,
mainly related to assembly of multiple parts witltow level of integration, can be reduced or
even avoided. The benefits of highly integratedpfor the costumer are on the one hand the
reduction of weight leading to lower energy constiorpduring flight and on the other hand
reduced workload for the maintenance of the parts,for fastening elements or connectors.

One example for a highly integrated RTM part is t@®@mposite Multispar Flap” which is
developed and tested in a Research & Technologegirfi4]. Figure 8 illustrates the main
idea behind this development.

( | ' T New design

Current design of A320 outboard flap

Figure 8. Composite Multispar Flap [Source: Airbus]

Today, the outboard flap of the Single Aisle aific/e320 is designed as a differential CFRP
flap. The large number of single parts leads tagh hworkload for assembly. Within the
research project the outboard flap with a lengti,dfm was designed and build as an integral
box in one production step (“one-shot injectioriThe spars are directly integrated into the
closed structure. Thereby, the number of singlespa reduced by -95 % [15]. The
avoidance of subsequent assembly steps leads &vilgspotential of 25 % in terms of
recurring production costs [14]. This RTM part ig@d example of how highly integrated
parts contribute to an efficient production by teduction of lead time.
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5. Conclusions

Regarding the production of high-performance CFRRraft components, extensive
operational experience and process know-how idabtaiwithin Airbus. The application of
CFRP offers a great opportunity to consequentljisedight-weight approaches aiming at
minimum energy consumption for operating the aftcra

For the production of CFRP components LCM proceasef significant importance as the

economic production of highly integrated and comybaped parts can be realised. One of
the main challenges for the further developmentttidse process technologies is the
automation of process steps.
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