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HIGH-PERFORMANGE COMPOSITES

This composites manufacturer is betting its

one-piece 3-D preform and RTM process will
trim weight from today’s fastener-intensive
“black aluminum” aircraft doors.

BY JEFF SLOAN

istorically, one of the most
common, but erroneous,
assumptions made by en-
gineers when a commercial
aircraft component is con-
verted from aluminum to carbon
fiber composites is that the process
is a simple matter of “dropping in"
composites as a I:1 replacement
for the metal — hence, the-collo-
quial misnomer “black aluminum.”
The result is often a structure that,

although it weighs less than its alu-
minum forebearer, is overengineered
and is, therefore, still heavier than
necessary. The risk, of course, is that
the composite-for-metal conversion,
no simple task, is unlikely to be de-
signed in such a way that it takes full
advantage of the mechanical benefits
the composite material could convey.
Today, composites engineers prefer to
speak of “optimizing” a part for com-
posites. That is, when a composite




the total aircraft structures volume pre-
dicted in this forecast. From this, we can
calculate that this year, carbon fiber sup-
pliers can be expected to deliver about
1.17 million Ib (530 metric tonnes) of
intermediate- and standard-modulus
materials to secondary processors to
manufacture prepregs and infusion
fabrics for GA applications. That figure
represents about 7 percent of all CFRP
material shipments to aerospace firms.
During the period from 2011-2020 in this
forecast, about 15.87 million Ib (7,200
metric tonnes) of carbon fiber materi-
als will be consumed. Similarly, glass
suppliers are expected to deliver about
727,520 Ib (330 metric tonnes) of E- and
S-glass reinforcements this year, and
a total of about 99.21 million Ib (4,500
metric tonnes) of glass product during
the forecast period. These reinforce-
ments will be combined with approxi-
mately 3 million Ib (1,336 metric tonnes)
of performance resin systems, primarily
epoxies.

Carbon fiber suppliers can
be expected to deliver about
1.17 million Ib (530 metric
tonnes) of intermediate- and
standard-modulus materials

for GA aphlications.

The weather forecaster’s disclaimer
As noted earlier, wildly fluctuating con-
ditions created a huge impact on the GA
industry and the companies that partner
with and supply composite products
to GA firms. Although economic con-
ditions are generally improving, there
is still much uncertainty about the fu-
ture across the globe. Accordingly, this
forecast assumes that macroeconomic
growth will be slow in North America
and Europe, and emerging markets in
China and Brazil will also be somewhat
moderated.

With the imminent withdrawal of
fighting forces in Afghanistan, one might
assume that there will be a moment of
relative peace, which would be good for
business aviation. It is unfortunate,
however, that new disputes in the Mid-
dle East could disrupt oil exports from
the region that helps mederate oil pric-

es. The inevitable increases in the price
of aircraft fuel could have a dramatic im-
pact on the viability of private aviation,
potentially cancelling out the gains ['ve
predicted for the next several years. The
probability of such a disruptive event
during this decade seems fairly high. As
many a picnicker can attest, sunny days
can turn cloudy and rainy with little
warning. Here's hoping that this com-
posites market forecaster has it right
this time, m

oW

Read this article online at http://short.
compositesworld.com/XTU3QH5W.

Read Chris Red’s previous general aviation
Market Outlook, “Aviation outlook: Composite
aerostructures in General Aviation,” HPC
May 2008 (p. 70) or visit http://short.
compositesworld.com/beBICjGT.
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Massive preform for door molding

Latécoére engineers pose with their fully
unitized, stitched carbon fiber preform for
a Type A commercial aircraft door (outer
skin showing, with stitching that attaches
stringer and beam preforms visible in the
outer door surface). The finished version
seen from the inside (bottom, facing page),
avolds the use of any titanium fasteners.
Latécoére designed and manufactured
this aerostructure with composites in
mind, trimming door weight by 15 percent
compared to composite predecessors.

part will replace a metal one, the metal
part's form, fit, function and part list
do not dictate the composite design.
Instead, the part is reengineered, as if
the part had no history in metal. This
clean-slate approach permits design-
ers to conceive of a composite struc-
ture with the best balance of strength
to weight and manufacturability.

If, where and how composites were
overengineered on The Boeing Co.'s
(Chicago, Ill.) 787 Dreamliner is debat-
able and will be fairly judged only by
history. But because the plane is the
first commercial jetliner to employ
carbon fiber on such a large scale, it's
probably fair to assume that not every
composite part is designed for opti-
mum performance. It's probably also
fair to expect that creative composites
engineers will seek business opportuni-
ties to perfect suboptimum composite
parts on both the 787 and its forthcom-
ing competition, the Airbus (Toulouse,
France) A350 XWB.

One such opportunity has already
been discovered. As early as 2006,
composites manufacturer Latécoére
(Toulouse, France) struck upon the no-
tion that the Type A composite passen-
ger door, the basic structure of which is
dictated by safety requirements, might,
with some creative design and engi-
neering, be made even lighter. Com-
mon to the 787, A350 XWB and
other commercial aircraft, a Type
A door is approximately 2,000
mm tall by 1,250 mm wide by 200
mm thick (78.7 inches by 49.2 inches
by 7.9 inches), with a radius of about
2,100 mm (82.7 inches). It features six
to eight attachment points along each
side. The Type A door varies according
to aircraft model, primarily in the loca-

tion of the attachment points, which
can be positioned as necessary to ac-
commodate hinges and latches, and
the radius, which is dictated by the ra-
dius of the particular plane's fuselage.
Like the rest of the fuselage, the door is
stressed primarily by pressure exerted
from inside the aircraft at cruising alti-
tude — about 3.5 to 4.5 metric tonnes
(7,716 to 9,921 Ib) per fitting.

Jean-Christophe Ichard, head of
composite materials and processes at
Latécoere, says the company's initial
assessment of an optimized Type A
door was promising, but other projects
took priority and the opportunity was
shelved until about 2008. Latécoere
then took up the effort in earnest and
began a design "from scratch” for a
Type A door. The project, called COM-
DOR (short for composites door) focused
on matching the material, tooling and
process with the application. “A new
design approach was followed by
always thinking ‘com-
posites,” not only for
manufacturing
but also for

load introductions,” says Ichard. “The
target was also to be close to certifica-
tion and qualification requirements ap-
plicable to passenger doors.”

The goal, he says, was to develop a
door that features a unified, unbound-
ed, fastener-free structure that could
be molded via resin transfer molding
(RTM). "“The most challenging aspect
was to define a design compatible with
stitching and RTM process,” says Ichard,
"and in the meantime, meeting aeronau-
tical requirements and specifications.”
Also at stake was the labor in-
tensity and cost associated
with about 800 titanium
fasteners currently
employed on =3

Preform platform

Latécodre tested a variety of
preform design structures.
This T-form shows how
structural stitching between
skin and stringers/beams was
developed and tested.
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Type A composite doors to attach sepa-
rately molded stringers, beams and the
frame to the skin of the door. An addi-
tional challenge, then, says Ichard, “was
to design a door structure without fas-
teners in beam and frame areas.” It was
determined that a completely unified
structure that eliminates such fasten-
ers through parts consolidation would
require development of a stitch-bonded
3-D preform compatible with the RTM
process.

To design the door, Latécoere relied
on CATIA V5 (from Dassault Systémes,
Paris, France) with the Composites
Product Design (CPD) module. PATRAN/
NASTRAN software was employed for
component sizing. The company also

A unified structure that
eliminates fasteners

via parts consolidation
would require the use of

a complex, stitch-bonded,
3-D preform.

used other software to optimize the
manufacturing process, such as PAM-
RTM, an RTM simulation program from
ESI Group (Rungis, France), and KUKA
Sim Pro, a robotic programming sys-
tem from KUKA Robot Group (Augs-
burg, Germany). The 3-D structure that
emerged integrates a skin of eight car-
bon fiber plies backed by a box/grid
network of similarly stacked stringers
and beams — six stringers arranged
horizontally to provide load support
for edge fittings and four vertically
oriented beams. All of the fabric and
resin used would be supplied by Hexcel
(Stamford, Conn.), including HexForce
G0926 carbon fiber fabric (370 g/m?
0.38-mm/0.015-inch thick) and RTM6
epoxy resin. From the front, the door
would present a smooth skin to match
the surface of the fuselage. From the
back, the door would consist of string-
ers and beams that provide structural
integrity, with fittings provided at the
end of each stringer for door hardware,

Big, complicated preform
When this stitch-bonded preform de-
sign was settled upon, says Ichard,

engineers sought to determine the
best strategy for cutting, assembling
and stitching the preform's disparate
parts together. In all, Ichard's group
developed 45 fabric forms that would
be used to construct the stringers and
beams and the skin of the door. Ich-
ard notes that the requirements were
straightforward: the cuts must be
clean, without fraying the fabric; the
cuts must not cause thread pullouts;
and the dimensions must be absolute-
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ly accurate to allow precise placement
of the preform in the mold tool.
Latécoere, says Ichard, first as-
sembled the plies and stitched them
together as one large fabric. This was
done on a stitching table, and the indi-
vidual beam and stringer preforms were
stitched in serial fashion (see Step 2,
p. 66). Although Latécoére would not
identify whose stitching machinery it
used, Ichard does say that flat and con-
toured stitches were employed. The &3
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Step 1

Step 4

Step 7

Preforms for the COMDOR are made with
eight layers of Hexcel HexForce carbon fiber
fabric, stitched in 2-D.

The skin is laid atop the tool while preforms
are secured beneath (not visible in this
photo). The KUKA robot stitches through
the skin to attach the stringers and beams
preforms to the inside of the skin.

The RTM system, provided by ISOJET,
injects resin into the tool, shown closed here.
Cycle time was not reported, but Latécoére
spent much time optimizing the molding
process.

Step 2

Step 5

Step 8

Preform shapes vary by function. These
shapes will form the beams of the door and
feature tabs for stitching them to stringers,
skin and a UD laminate.

Step 3

The fully unifled preform is ready for
placement in the RTM tool. Note the
preforms, from Step 3, that bisect the first
two stringers at the top and the bottom of
the structure.

Step 6

Post-mold, Latécoere engineers prepare to
remove the finished door structure from the
tool.

" Source {all stop photos): Latécotre

Step 9

This preform, once stitched, will then be cut
to size with an ultrasonic culter attached to a
multiaxis KUKA robot,

The preform is loaded into the tool, made by
Compose Tools, and prepared for RTM.
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The finished, demolded door. Note the
square corners. These will be cut and
trimmed to create a radius that conforms
with Type A door specifications.




skin laminate for the door was similarly
assembled, and then the large fabric
was cuf to form, creating the needed
shapes.

The company opted for a 2-D cutting
strategy to produce flat shapes that
would then be folded to build and con-
nect the 3-D preforms. Ultrasonic cut-
ting via a KUKA robot was used, and
Ichard says quality from this method
has been excellent. The resulting flat
pieces vary in shape and size, depend-
ing on where and how they are used in
the door. The longest preforms are the
horizontal stringers that consist primar-
ily of flat, eight-ply laminates about 5
inches/127 mm wide and almost as long
as the door is wide. These are intersect-
ed by the vertical beams of the same
width, which are tabbed and sewn into
the stringers perpendicularly (see step
5, p. 66) and feature another tab for a
T-bond with the skin.

The result is a fully
unified structure that is
smooth on the skin side,
with 3-D frames, beams
and stringers stitched to

the back side. J

Next, Latécoere was faced with the
daunting task of placing, securing and
stitching together the 45 preforms and
-the skin. This, says Ichard, is where
much of the company's proprietary
technology resides. However, he did
reveal that Lateccere designed the
stitching tool, but had it manufac-
tured by an unidentified third party.
This tool, designed to resemble the
shape of the door, is oriented horizon-
tally for the stitching operation, with
the outside of the tool facing up and
the inside of the tool facing down. The
skin fabric is placed atop the tool fac-
ing up toward the stitching head, at-
tached to the end of a KUKA multiaxis
robot that works over the tool. On the
underside of the tool, meanwhile, the
3-D preforms that will form the string-

ers and beams of the door are held

in place against the back of the skin,
ready to be stitched into place against
the skin laminate. The robot works on

top of the tool, stitching through the
skin and into the preforms on the oth-
er side.

How the preforms are held in place
under the stitching tool, Ichard would
not say, except to admit that “it is very
tricky and complicated.” Radius fillers
were added at the intersection of sev-
eral skin, stringer and beam sections.

“The company also stitched on top of

each stringer and beam a stack of uni
carbon fiber plies to provide stiffness.

The result is a fully unified carbon
fiber fabric structure that is smooth on
the skin side, with 3-D frames, beams
and stringers stitched to the back side.
This one-piece structure is now ready
for molding. Design of the RTM sys-
tem involved Latécoere, Compose and
RTM specialist agency PPE (previously
known as Pble de Plasturgie de I'Est
(Saint-Avold, France), as well as injec-
tion machine manufacturer ISOJET
Equipements (Corbas, France). The =3
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preform, says Ichard, is hand placed in
the Compose tool, skin side down. The
cycle time for the structure was not re-
vealed, but Ichard admitted that signifi-
cant development work went into mak-
ing sure that, during infusion, the resin
would fully wet out the preform and
leave no dry spots.

The as-molded part is nearly net
shape, requiring only cutting and trim-
ming of the radii at the corners of the
door frame to conform to the door

shape. This is done with a 5-axis ma-
chining center. The stringers also are
drilled at the ends to facilitate installa-
tion of door attachment fittings. Ichard
reports that Latécoeére's COMDOR door
weighs 15 percent less than current
black aluminum composite door de-
signs. Further, he says that tests show
the pull-out strength of the stitch-bond-
ed stringers and beams at least equals
that of the current design, which em-
ploys titanium fasteners,
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Moving forward

The COMDOR door, it turns out, is just
the beginning for Latécoeére, and it will
be followed by the company's effort
to place this structure on a function-
ing aircraft. Ichard says Latécoére has
moved into phase two of composite
door development, having launched
the Maaximus project. Partially funded
by European government agencies,
Maaximus will develop a fully func-
tional door that incorporates copper
mesh in the skin for lightning protec-
tion, glass fiber in selected locations
to protect against galvanic corrosion,
and a different thread for stitching.
(Ichard was careful to note that all of
the preform and molding technology
developed for COMDOR and Maaximus

The COMDOR is just the
beginning for Latécoére,
and it will be followed
by the company’s effort
to place this structure
on a functioning aircraft.

- is owned and controlled solely by La-

técoére.)

The Maaximus door, Latécogre hopes,
will weigh 5 percent less than the COM-
DOR door, for a total 20 percent weight
reduction, thanks to material and pro-
cess optimization.

Ichard says the company expects to
test the Maaximus door under pressure
on a test fuselage barrel structure be-
ginning in September 2012 and ending
in January 2013. If all goes well, this
testing should be followed by a techno-
logical readiness review in March 2013,
and then full fuselage barrel testing in
the 2013-2014 time frame. After that,
Latécoére expects to place the door on
an in-service commercial passenger air-
craft. m

Read this article online at hitp://short.
compositesworld.com/IV8aCQHT.




