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X-Cor™ which is pinned through at least one ply of dry composite reinforcement to provide a mechanical lock between the pins and
an inboard and outboard interlock layer. Bonding of the locked-in ply with the inboard and outboard results in improved structural
performance and damage tolerance.
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COMPOSITE AIRCRAFT FLOOR SYSTEM

BACKGROUND OF THE INVENTION

[0003] The present invention relates to an aircraft floor system, and more
particularly to a lightweight floor panel with an advanced sandwich core structure with a
mechantical interlock.

[0004)  Curmrent aircraft floor systems incorporate thin metallic or composite
prepreg skin materials adhesively bonded to either a metallic or non-metallic honeycomb
core. Recent improvements in machining technology have lead to the use of high speed
machined aluminum floor designs for rotary-wing aircraft. High speed machined floor
designs require less tooling and have higher tolerances, but may not achieve the weight
benefits of composite floor systems.

[0005] Although composite floor systems are generally lighter in weight than
metallic floors, composite floor systems may be more expensive and labor intensive to
manufacture compared to metallic floor systems.

[0006] Current typical aircraft composite floor system floor panels utilize a
honeycomb core material with pre-cured fiberglass or prepreg composite skins bonded
thereto in a large heated press or autoclave. Local hard points and edge closeouts are
typically accomplished using an epoxy potting compound.

[6007] Current composite floor system floor panels may require relatively
complicated and labor intensive process steps including: pre-curing of the inboard and
outboard skins; cutting, machining, and forming of the honeycomb core; local densification
of the honeycomb core at attachment hard points and edge closeouts; preparation of the skins
and core assembly for bonding; assembly of the pre-cured skins, lay-up of film adhesive
layers for bonding; curing of the assembled skins, adhesive, and core; secondary machining,

densification, and splicing operations of the honeycomb core matenal, and multiple
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processing cycles in an autoclave, oven or press, to complete fabrication of an individual
panel.

[0008] Moreover, usage of honeycomb core structures in rotary-wing aircraft
composite floor systems may suffer inherent moisture absorption in service due to the open
cell structure. Such moisture absorption may result in increased weight and resultant
performance degradation over a prolonged time period.

[0009]  Accordingly, it 1s desirable to provide a lightweight aircraft floor system

that 1s manufactured in fewer steps yet meets or exceeds design requirements.

SUMMARY OF THE INVENTION

[0010] The aircraft floor system according to the present invention includes a
composite panel with an advanced sandwich core technology which can be manufactured in a
single step process using traditional prepreg autoclave processing, resin film infusion (RFI),
or combinations of these techniques.

[0011] The composite panel generally includes an inboard (non-walking surface)
layer, an inboard interlock layer, a core layer, an outboard interlock layer and an outboard
(walking surface) layer. The advanced sandwich core material may include K-Cor™ or X-
Cor™ with composite skin materials such as, for example, carbon, fiberglass, quartz, etc.
depending on the desired weight, durability and cost requirements for the floor design. The K-
Cor™ material 1s pinned through at least one ply of dry composite reinforcement to provide a
mechanical lock between the pins and an inboard and outboard interlock layer resulting in
improved structural performance over standard K-Cor™ materials. Moreover, damage
tolerance of the tloor system (i.e., impact resistance) i1s also increased. Composite inboard
and outboard layers are then bonded to the locked-in ply.

(0012] Densification of the core layer in reinforcement areas facilitates the
integration of recessed mounted components such as cargo tie-downs and seat pans as well
as attachment of the aircraft floor system to the airframe,

[0013]  The aircraft floor system provides: weight reduction; minimization of
adhesive matenal; reduced potting compound usage; single co-bonding manufacturing
process; and increased damage tolerance capability.

[0014] The present invention therefore provides a lightweight aircraft floor

system that 1s manufactured in fewer steps yet meets or exceeds design requirements.
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[0014.1] According to a broad aspect of the present invention, there i1s provided a
composite panel comprising: a core layer having a multiple of pins; an inboard interlock layer
having at least one ply mechanically interlocked with said multiple of pins; an inboard layer
bonded to said inboard interlock layer, said inboard layer having a first number of plies; an
outboard interlock layer having at least one ply mechanically interlocked with said multiple of
pins; and an outboard layer bonded to said outboard interlock layer, said outboard layer having a
second number of plies of a first type and a second type, said first type being different than said

second type, said second number of plies being greater than said first number of plies.

[0014.2] According to a further broad aspect of the present invention, there is
provided a composite tloor panel comprising: a core layer having a multiple of pins which form a
truss structure; an inboard interlock layer having at least one dry composite reinforcement ply
mechanically interlocked with said multiple of pins; an inboard layer bonded to said inboard
interlock layer, said inboard layer having a first number of plies; an outboard interlock layer
having at least one dry composite reinforcement ply mechanically interlocked with said multiple
of pins; and an outboard layer bonded to said outboard interlock layer, said outboard layer
having a second number of plies of a first type and a second type, said first type being ditterent

than said second type, said second number of plies being greater than said first number of plies.

-7 -
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The various features and advantages of this invention will become
apparent to those skilled in the art from the following detailed description of the currently
disclosed embodiment. The drawings that accompany the detailed description can be briefly
described as follows:

[0016]  Figure 1A is a general side perspective view of an exemplary rotary wing
aircraft embodiment for use with the present invention;

[0017] Figure 1B is a perspective view of an airframe section of the rotary wing
aircraft of Figure 1A with an outer skin removed illustrating a floor system mounted therein;

[0018]  Figure 2 1s a top view of a floor system having three composite panels;

[0019]  Figure 3A is an expanded view of a composite floor panel;

[0020]  Figure 3B is a sectional view of the floor panel taken along line 3B-3B of
Figure 3A;

[0021]  Figure 4A is a sectional view of the floor panel illustrating the multiple of
layers therein;

[0022] Figure 4B is a chart describing the layers;

[0023] Figure 4C i1s a K-Cor™ core layer;

[0024] Figure 4D i1s a X-Cor™ core layer;

[0025] Figure 5A 1s a perspective partial fragmentary view of a preformed
component recessed within a composite panel according to the present invention;

[0026] Figure 5B 1s an expanded view of the floor panel;

[0027] Figure 5C i1s a sectional view of the armored floor panel taken along line
5B-5B of Figure 5A;

[0028]  Figure 6A is an expanded view of a floor panel;

[0029] Figure 6B i1s a sectional view of the floor panel taken along line 6B-6B of
Figure 6A;

[0030] Figure 7 1s a sectional view of a reinforced area; and

[0031]  Figure 8 is an exploded view of a reinforced area adjacent an opening;
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DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENT

[0032] Figure 1A schematically illustrates a rotary-wing aircraft 10 having a main
rotor system 12. The aircraft 10 includes an airframe 14 having an extending tail 16 which
mounts a tail rotor system 18, such as an anti-torque system. The airframe 14 includes an
airframe section 14A. The main rotor assembly 12 is driven about an axis of rotation R
through a main gearbox (illustrated schematically at 20) by one or more engines 22. The
main rotor system 12 includes a multiple of rotor blades mounted to a rotor hub. Although a
particular helicopter configuration 1s illustrated and described in the disclosed embodiment,
other configurations and/or machines, such as high speed compound rotary wing aircraft with
supplemental translational thrust systems, dual contra-rotating, coaxial rotor system aircraft,
turbo-props, tilt-rotors and tilt-wing aircraft, will also benefit from the present invention.

[0033] Retferring to Figure 1B, the airframe section 14A, here illustrated as a
cabin section, which may include, inter alia, a multitude of frame members 24 and a
multitude of beam members 26 which support an aircraft outer skin 28 and a floor system 30
(Figure 2) formed preferably of a multiple of composite panels 32. The multitude of frame
members 24 and beam members 26 are preferably arranged in a generally rectilinear pattern,
however, any arrangement may be used with the present invention.

(0034] Preterably, the multi-functional floor system 30 1s fabricated from the
individual composite panels 32 that are, for example, mechanically attached to the existing
airframe as conventionally understood. The composite panels 32 are preferably attached to
the lower tub structural frame members 24 and beam members 26 through fasteners 34 which
are located through a flange edge structure 36 (Figures 3A and 3B) of each composite panel
32. The tlange edge structure 36 need only attach the composite panel 32 to the airframe
section 14A as the composite panel 32 1s supported upon the frame members 24 and beam
members 26 (Figure 2). Alternatively, the integrated floor system 30 can be design and
manufactured as a single unit.

[0035]  Referring to Figure 4A, each composite panel 32 is manufactured as a
sandwich structure having a multiple of layers bonded together. The composite panel 32 may
be manufactured 1n a single step process using prepreg autoclave processing or resin infusion
techniques, such as, for example, resin film infusion (RFI), or combinations of these

techniques. It should be understood that other fabrication methods will also benefit from the

present invention.
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[0036] The composite panel 32 generally includes an inboard layer 38 (non-
walking surface), an inboard interlock layer 40, a core layer 42, an outboard interlock layer
44 and an outboard layer 46 (walking surface). It should be understood that various methods
may be utilized to bond each layer to the adjacent layer and that various thicknesses (number
of plies) within each layer may be utilized with the present invention. It should be further
understood that the composite panel 32 itself may be but one layer in a floor system 30
having a multiple of layers which may further include, for example only, an armored layer. In
but one disclosed embodiment, the inboard (non-walking surface) layer 38 1s approximately
0.008 inches thick, the inboard interlock layer 40 is approximately 0.008 inches thick, the
core layer 42 1s approximately 0.75 inches thick, the outboard interlock layer 44 1s
approximately 0.008 inches thick, and the outboard (walking surface) layer 46 1s
approximately 0.039 inches thick.

[0037] Preferably, the first two outboard surface plies of the outboard layer 46 are
XN-05 woven carbon fiber that has a high compression strain. One inherent limitation of
carbon fiber is that it traditionally does not strain much before it breaks (i.e., it 1s very brittle).
The XN-035 strains much further than traditional carbon fiber when in compression, which i1s
the state of the top surface of a panel when impacted. Since the XN-05 1s a dry commodity
(instead of pre-impregnated with staged resin), it is combined with at least one resin film ply
(Figure 4B). Below the XN-05 are four plies of intermediate modulus woven preimpregnated
carbon fabric/prepreg. The interlock layers 40, 44 preferably include one ply of dry carbon
fabric (interlock layer 44) is locked-in on outboard of the core layer 42 with the pins 48 and a
ply of film resin.  On the bottom surface of the core layer 42, in addition to the inboard
interlock layer 40, is one ply of woven carbon prepreg and a ply of film resin (Figure 4B). It
should be understood that the plies of film resin wets (supplies resin to) the interlock layers
40, 44 but becomes part of the laminate and 1s thus generally not considered a separate ply
per se. These plies are laminated to the other plies through the film resin ply, integrating the
core layer 42 with the inboard layer 38 and outboard layer 46.

[0038] The core layer 42 1s preferably an advanced core material such as K-
COR™ or X-COR™ (Figure 4D) manufactured by Albany Engineered Composites. of
Mansfield, MA USA. K-COR™ and X-COR™ can be manufactured in a multiple of forms

and thicknesses. The core layer 42 includes a multiple of pins 48 which are inserted into a

lightweight carrier 50 to form a truss-like support structure with the inboard interlock layer
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40 and the outboard interlock layer 44. The lightweight carrier 50 i1s preferably a Rohacell®
foam which 1s a ‘closed cell’ type foam that is highly resistant to ingress by water. This
confers an advantage in situations where water absorption and freeze-thaw cycles may
otherwise be problematic. The pins 48 are preferably manufactured of a non-metallic
material such as carbon, fiberglass, quartz, Kevlar, ceramics or other material which provide
desired mechanical, electrical and magnetic properties. The pins 48 may at least partially
pierce at least one ply of the inboard interlock layer 40 and the outboard interlock layer 44 to
form a bond/mechanical lock therewith.

[0039]  The core layer 42 preferably incorporates K-Cor™ is a patented material
manufactured by Albany Engineered Composites in which the lightweight foam carrier
incorporates rigid composite pins made from fiber (i.e., fiberglass, carbon, aramid, quartz,
ceramic, etc.) and resin (i.e., epoxy, BMI, cyanate ester, etc.) in a truss-type arrangement to
yield structural performance. Alternatively, the core layer 42 may incorporate X-Cor™ |
which 1s substantially similarly to K-Cor™ except X-Cor™ has sharp pin ends in order to
penetrate a prepreg composite facesheet, whereas the pins used in K-Cor™ are bent over and
bonded to or between the interlock layers 40, 44 and the respective inboard layer 38 and
outboard layer 46.

[0040] Both of these core materials are manufactured on computer-controlled
machinery utilizing design CAD data for direct core assembly manufacturing. It should be
understood that although a particular shape of pins having particular shaped end is disclosed
in the illustrated embodiment, other members will benefit from the present invention.
Additionally, the pattern of the pins, insertion angle, pin diameter, and the number thereof
may be tailored to accommodate various strength and stiffness requirements. Thus,
dimensional tolerances are greatly improved over honeycomb core structures, engineering
changes/modifications are more easily incorporated, and touch labor is significant reduced
due to the automated pin insertion and foam cutting operations. Additionally, both X-Cor™
and K-Cor™ can be tailored, even within the same panel, to accommodate various core
strength and stiffness requirements and are not restricted to the traditional honeycomb core
“L” and “W” directionality properties.

[0041] In the case of the K-Cor™ preforms, the pins 48 which extend beyond the
lightweight carrier 50 may be only partially cured. The pins 48 are then folded back over the

interlock layers 40, 44 under the action of moderate heat and pressure. That is, after the pins
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48 are tolded over the interlock layers 40, 44 in a press, the preform may be placed into an oven
to complete the cure of the pins 48. The inboard (non-walking surface) layer 38 and the outboard
(walking surface) layer 46 are then adhesively bonded onto the respective interlock layers 40, 44
during the final cure. That is, the pins 48 are typically already cured prior to the preform being
utilized in the lay up. The present invention involves the use of K-Cor' " with pins 48 that extend
through at least one ply of dry composite reinforcement (inboard interlock layer 40 and outboard
interlock layer 44) prior to the pins 48 being bent over. This process ensures a mechanical lock
between the pins 48 and the inboard interlock layer 40 and the outboard interlock layer 44
resulting in improved structural performance over standard K-Cor'™ materials. Moreover,

damage tolerance of the floor system (i.e., impact resistance) is also increased.

|0042] The interlocked layers 40, 44 require the addition of resin to the ply, which may
be accomplished via a ply of film resin (Figure 4B). The inboard (non-walking surface) layer 38
and the outboard (walking surface) layer 46 are disclosed herein as resin infused or
preimpregnated materials. Traditional prepreg autoclave processing in conjunction with resin
infusion processing such as, RFI, may also be used to facilitate a lightweight single step

manufacturing process.

[0043] The inboard layer 38 and the outboard layer 46 material 1s of a low modulus and
high strain to failure capability such as, for example only, fiberglass type materials. Fiberglass
materials, however, may be heavier than carbon based materials and, as such, may offer less
weight reduction such that, in addition to fiberglass type materials, the inboard layer 38 and the

outboard layer 46 may be manufactured from, either singularly or in combination, carbon, S-

glass, E-glass, Dyneema®, Spectra®, Kevlar®, etc. depending on the desired loading conditions.

|0044] The composite panel 32 facilitates the integration of recessed mounted
components P such as cargo tie-downs 60 (Figures SA, 5B, and 5C) and seat pans 62 (Figures
6A and 6B) typically required 1n a rotary-wing aircraft floor system 30. As seen in Fig. 5A, the

cargo tie-downs 60 may include a cargo tie down ring 162, and one or more stud seats 164
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within a floor pan 166. The cargo tie-downs, 60 may also include a tub beam 168 and

floor attachment screws 170 on the front side thereof, as depicted by frontward forcing

arrow 172.

[0045] In general, densification of the core layer 42 is required In reinforcement

areas 64 (Figure 7) where fasteners or preformed components will be transferring load

into the composite panel 32. Local densification is achieved through a multiple of closely

spaced vertical pins 66 which are perpendicular to the composite panel 32 in the desired

-7q -
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reinforcement area 64 (Figure 7). These vertical pins 66 provide strength equivalent to
standard epoxy syntactic matenials at a significantly reduced weight (i.e. 20 pcft vs. 45 pcf).

[0046]  Referring to Figure 7, the reinforcement area 64 generally includes the
multiple of closely spaced vertical pins 66 which are generally equal or slightly shorter than
the thickness of the core layer 42. The core layer 42 preferably includes a rebated area 67
during the pressing process when the pins 48 are folded over to form the K-Cor™. The
rebated area 67 1s a generally recessed or reduced thickness area of the core layer 42 with a
generally ramped transition to the primary thickness (also see Figures SA-5C and Figure 6A
and 6B).

[0047]  Preferably, the multiple of closely spaced vertical pins 66 fit between the
pins 42 of the K-Cor™ to further reinforce the reinforcement area 64. That is, the multiple
of closely spaced vertical pins 66 are in addition to the pins 48 of the K-Cor™ in the
reinforcement area 64. Additional doubler plies 68 are preferably inserted within the rebated
reinforcement area 64 prior to bonding of the inboard (non-walking surface) layer 38 and the
outboard (walking surface) layer 46. The reinforcement area 64 essentially densifies a small
region of the composite panel 32 such that a hole h can be formed to receive a fastener f. The
fastener f, for example, allows the composite panel 32 to readily fastened to the airframe
(Figures 3A and 3B).

[0048] Retferring to Figure 8, the reinforcement area 64 may also be located
adjacent an opening 70 formed within the composite panel 32 to receive the component P
such as the cargo tie-downs 60 (Figures 5A, 5B, and 5C) and seat pans 62 (Figures 6A and
6B) typical of a rotary-wing aircraft floor system 30. Doubler plies 68 need not be provided
as the component P provides a flange area Pf (Figure 6A) which is engaged within the
rebates. The rebated opening likewise receives the inboard (non-walking surface) layer 38
and the outboard (walking surface) layer 46 for receipt of the component P.

[0049] It should be appreciated that the composite panel may also be utilized for
floor panels and other panels such as in fixed wing aircraft, ground transportation vehicles,
etc and that various panel sizes, layer combinations and depth of layers may be utilized and
specifically tailored to provide the desired panel.

[0050] It should be understood that relative positional terms such as "forward,"

" n

“aft,” "upper,” "lower,” "above," "below," and the like are with reference to the normal

operational attitude of the vehicle and should not be considered otherwise limiting.
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[0051] It should be understood that although a particular component arrangement

1s disclosed 1in the 1llustrated embodiment, other arrangements will benefit from the instant
invention. Although particular step sequences are shown, described, and claimed, it should be
understood that steps may be performed in any order, separated or combined unless otherwise
indicated and will still benefit from the present invention.

[0052] The foregoing description i1s exemplary rather than defined by the

limitations within. Many modifications and vanations of the present invention are possible in

light of the above teachings.
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CLAIMS:

1. A composite panel comprising:

a core layer having a multiple of pins;

an inboard interlock layer having at least one ply mechanically interlocked with said
multiple of pins;

an inboard layer bonded to said inboard interlock layer, said inboard layer having a first
number of plies;

an outboard interlock layer having at least one ply mechanically interlocked with said
multiple of pins; and

an outboard layer bonded to said outboard interlock layer, said outboard layer having a
second number of plies of a first type and a second type, said first type being

different than said second type, said second number of plies being greater than

said first number of plies.

2. The panel as recited in claim 1, wherein said multiple of pins form a truss
structure.
3. The panel as recited in claim 1, wherein one end section of each of said multiple

of pins are folded over said inboard interlock layer and an opposite end section of each of

said multiple of pins are folded over said outboard interlock layer.

4. The panel as recited in claim 1, wherein said core layer includes a multiple of

closely spaced vertical pins which form a reinforcement arca.

5. The panel as recited in claim 4, wherein said multiple of closely spaced vertical

pins each define a length generally equal to a thickness of said core layer.

6. The panel as recited in claim 4, wherein said core layer defines an at least partially

rebated area within said reinforcement area, said at least partially rebated area includes a

ramped edge.

-10 -



CA 02640218 2011-09-29

7. The panel as recited in claim 6, further comprising a multiple of doubler plies within

said at least partially rebated area.

8. The panel as recited in claim 7, wherein said multiple of doubler plies are bonded

between said inboard interlock layer and said outboard interlock layer.

9. The panel as recited in claim 4, wherein said reinforcement area is defined adjacent an

edge of said composite panel.

10. The panel as recited in claim 9, wherein said reinforcement area defines a fastener hole.

11.  The panel as recited in claim 4, wherein said reinforcement area is defined adjacent an

opening through said composite panel.

12.  The panel as recited in claim 11, further comprising a preformed component mounted at

least partially within said opening.

13.  The panel as recited in claim 12, wherein said preformed component 1s a tie-down.

14. The panel as recited in claim 12, wherein said preformed component 1s a seat pan.

15. The panel as recited in claim 11, wherein said reinforcement area defines a fastener
hole.

16. A composite floor panel comprising:

a core layer having a multiple of pins which form a truss structure;
an inboard interlock layer having at least one dry composite reinforcement ply mechanically

interlocked with said multiple of pins;

- 11 -
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an 1nboard layer bonded to said inboard interlock layer, said inboard layer having a first

number of plies;

an outboard interlock layer having at least one dry composite reinforcement ply mechanically

interlocked with said multiple of pins; and

an outboard layer bonded to said outboard interlock layer, said outboard layer having a second

17.

18.

19.

20.

21.

22.

number of plies of a first type and a second type, said first type being different than said

second type, said second number of plies being greater than said first number of plies.

The panel as recited in claim 16, wherein said outboard layer is a walking surface

comprising;

at least two outboard plies of said first type;

at least four inboard plies of said second type, said at least four inboard plies being
inboard of said at least two outboard plies relative to said core layer; and

at least one resin film ply between said at least two outboard plies and said at least four

inboard plies.
The panel as recited in claim 17, wherein said inboard layer includes only one ply.

The panel as recited in claim 17, wherein said first type is a woven carbon fiber that has

a high compression strain.

The panel as recited in claim 19, wherein said woven carbon fiber is an XN-05'"

woven carbon fiber.

The panel as recited in claim 17, wherein said second type is a plain weave prepeg ply.

The panel as recited 1in claim 21, wherein said second type 1s an intermediate modulus

woven carbon tabric prepreg ply.

_ 12 .
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23. The panel as recited in claim 17, wherein said inboard layer comprises only one plain

weave prepreg ply.

24.  The panel as recited in claim 1, wherein said outboard layer is a walking surface
comprising:
at least two outboard walking layer plies of said first type;

at least four inboard plies of said second type, said at least four inboard plies being
inboard of said at least two outboard walking plies relative to said core layer; and

at least one resin film ply between said at least two outboard plies and said at least four

inboard plies.

25. The panel as recited in claim 24, wherein said inboard layer comprises only one ply.

26. The panel as recited in claim 25, wherein said only one ply is a plain weave prepreg ply.

- 13 -
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