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(57) Abrege/Abstract:

A tank forcontaining a fluid, such as fuel, oll or gas within a chamber (7). The walls ofthe chamber are partially defined by a rigid
structure havinganopening,- and partially defined by an elastomeric diaphragm (38) which Is attached around its periphery to the
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(57) Abrege(suite)/Abstract(continued):
rgid structure and covers the opening In the rigid structure. An attachment frame (9) engages the diaphragm and the rigid

structure, and extends around the periphery ofthe diaphragm. The attachment frame has a first portion which engages the
diaphragm, and a second portion which Is positioned outside an outer edge of the diaphragm and attached to the rigid structure.
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& (57) Abstract: A tank forcontaining a fluid, such as fuel, oil or gas within a chamber (7). The walls ofthe chamber are partially
N efined by a rigid structure havinganopening,- and partially defined by an elastomeric diaphragm (8) which is attached around its

periphery to the rigid structure and covers the opening in the rigid structure. An attachment frame (9) engages the diaphragm and
the rigid structure, and extends around the periphery ofthe diaphragm. The attachment frame has a first portion which engages the
diaphragm, and a second portion which is positioned outside an outer edge of the diaphragm and attached to the rigid structure.
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TANK FOR CONTAINING A FLUID WITHIN A CHAMBER
FIELD OF THE INVENTION

The present invention relates to a tank for containing a fluids such as fuel, oil or gas, within
a chamber. The tank 1s typically, although not exclusively, installed on a vehicle such as

an aircraft.

BACKGROUND OF THE INVENTION

Most modern aircraft now use fuel tanks incorporated into the airframe structure and use
the wing or fuselage skins, spars and ribs as the boundaries. These boundaries are
currently made from rigid structural material such as aluminium alloy or reinforced plastic

composite.

US5983945 describes a wing tank liner which limits the amount of fuel that can be spilled
1in the event of a crash. A necoprene rubber liner 1s suspended within the fuel tank from a

frame or from the tank itself.

It 1s often necessary to divide up a fuel tank into a number of compartments for aircraft
trim, to reduce fuel movements (caused by pitch, roll and yaw) during manoecuvres, and to
produce collector cells for the engine fuel feeds. These boundaries are traditionally made
from rigid material such as aluminium alloy or of reinforced plastic composites. These
traditional materials have a number of advantages such as high tensile strength and
stiffness, however their rigidity makes 1t difficult to remove them for maintenance or tank
internal access, particularly within a confined space. They are also relatively dense and
thus heavy. For example aluminium alloy typically has a density in the range of 2.85-3.05

Mgm™, and reinforced plastic composite materials typically have a density in the range of

1.65-1.75 Mgm"™.

It would be desirable to provide a tank which has a lower weight, easier access for

inspection and maintenance purposes, and the ability to withstand pressure pulses.
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SUMMARY OF THE INVENTION

A first aspect of the invention provides a tank for containing a fluid within a chamber,
wherein the boundaries of the chamber are partially defined by a rigid structure having an
opening; and partially defined by an elastomeric diaphragm which 1s attached around its

periphery to the rigid structure and covers the opening.

The rigid structure may have an element of flexibility, but in general will be more rigid
than the elastomeric diaphragm. Thus the invention combines the mechanical advantages
of a ngid primary structure, with the advantages of an elastomeric diaphragm: namely low
density (typically lower than 1.6 Mgm™, and preferably lower than 1.5 Mgm™) and
flexibility. The flexibility of the diaphragm enables 1t to be easily removed for access to
the chamber through the hole 1n the rigid structure, and then bent or rolled-up to enable 1t
to be stored within a confined space. The flexibility of the diaphragm also enables 1t to

transfer loads resulting from pressure pulses into the primary structure more slowly.

In one embodiment the rigid structure has sufficient flexibility to enable a so-called
“morphing” function in which one or more actuators 1s configured to change the shape of

at least part of the rigid structure to which the diaphragm 1s attached.

Typically the material forming the diaphragm comprises a reinforcement element such as
fabric, randomly oriented short fibres, or any other type of reinforcement. Such
reinforcement enables the diaphragm to easily support both hydraulic/pneumatic loads and
structural loadings. The orientation and/or distribution of the reinforcement can be tailored

to provide increased stiffness in one or more direction relative to other directions.

The diaphragm may have fluid on one side only, or may define at least part of a dividing

wall between two tank chambers - 1n other words with fluid on both sides.

The diaphragm may be uniformly thick, or may comprise a relatively thick region around

1ts periphery where 1t 1s attached to the rigid structure; and a relatively thin central region.

Preferably an attachment frame engages the diaphragm and the rigid structure, and extends

around the periphery of the diaphragm. This frame may be bonded or welded to the rigid



10

15

20

25

CA 02699795 2010-03-16

WO 2009/050510 PCT/GB2008/050942

structure, or more preferably attached to the rigid structure by a plurality of fasteners which
are distributed around the periphery of the diaphragm, each fastener passing through the
thickness of at least the attachment frame and the rigid structure.

The fastener may pass through the diaphragm. In this case, to avoid tearing adjacent to the
fasteners reinforcing material can be provided around the fastener holes. However more
preferably the attachment frame has a first portion which engages the diaphragm, and a
second portion which 1s positioned outside an outer edge of the diaphragm and attached to
the rigid structure. This provides a more compact solution. Preferably the second portion
of the attachment frame comprises a plurality of holes which pass through the thickness of
the attachment frame, each hole receiving a respective fastener which attaches the

attachment frame to the rigid structure.

The first portion of the attachment frame may engage the diaphragm 1n a number of ways:
for instance 1t may be encapsulated within the diaphragm, it may engage one or two

external faces of the diaphragm, and/or 1t may be bonded to the diaphragm.

At least one external face of the diaphragm may comprises one or more protrusions and/or
indentations which engage the attachment frame. These protrusions/indentations may
extend as elongate ridges or channels round the entire periphery of the diaphragm, or may

be more limited in length.

In one embodiment described below, the diaphragm 1s substantially planar and attached to
an clement of the support structure which lies substantially in the same plane as the
diaphragm. However other arrangements are possible, for instance the diaphragm may be

non-planar and/or may form a complete wall of the tank.

In the embodiments of the invention described below, the tank 1s a fuel tank. However the
invention may also be used in other types of tank: for instance for containing hydraulic
fluids, oils (for instance in aircraft bilge areas) or pressurised gas (for instance aircraft
fuselage pressure covers). The diaphragm material must be carefully selected for the

application - for instance a hydraulic o1l resistant diaphragm could be made from ethylene
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propylene diene monomer (EPDM) rubber with a glass reinforcement and aluminium

attachment frame.

In the embodiments of the mmvention described below, the tank 1s an aircraft tank. However
the invention may also be used 1n other types of vehicle such as fuel tanker lorries or ships.
Also the tank may be used 1n non-vehicular applications such as sumps or interceptors in

waste water systems.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described with reference to the accompanying

drawings, in which:

Figure 1 1s an 1sometric view of a fuel tank;

Figure 2 1s a sectional view of the diaphragm:;

Figure 3 1s a section along line A-A 1n Figure 1;

Figures 4-7 are sectional views of further clamping arrangements;

Figure 8 1s a sectional view of a diaphragm with a thinned central region;

Figures 9 and 10 are sectional views of further clamping arrangements;

Figure 11 1s a first schematic sectional view of a morphing wing-box;

Figure 12 1s a second schematic sectional view of the wing-box of Figure 11; and

Figure 13 1s a schematic plan view of a wing-box with the upper and lower skins removed.

DETAILED DESCRIPTION OF EMBODIMENT(S)

Figure 1 shows part of the structure of an aircraft wing box comprising an upper skin 1,
lower skin 2, leading edge spar 3, trailing edge spar 4, inboard rib 5 and outboard r1b 6.
Elements 1-6 define the upper, lower, front, rear and side boundaries of a fuel tank

chamber 7. The mboard rib 5 has an opening which 1s covered by an elastomeric
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diaphragm 8. The diaphragm 8 1s attached and sealed around its periphery to the inboard

rib 5 by an aluminium attachment frame 9 with a set of fastener holes 10.

As shown 1n Figure 2, the material forming the diaphragm 8 comprises a reinforcement
fabric element 11 (in this case four separate layers of fabric) impregnated with an
clastomeric matrix 12. The elastomeric matrix 12 may comprise a fluorosilicone rubber,
for example. This 1s an mert material which will not corrode and therefore does not require
pamting or pre-treatment. An internal interleaf 13 of stiff material 1s bonded within the

diaphragm and extends around its periphery.

The diaphragm material typically has a relatively low density between 1.35 Mgm™ and
[.55 Mgm™. Also the material volume of the diaphragm can be lower than traditional
materials as external stiffening ribs do not need to be added. These two factors combine to

reduce the mass of the fuel tank by a substantial amount.

For example, the elastomer may comprise a fluorosilicone rubber to ABR4-0090A with a
density of 1.455 Mgm™, and the fabric may comprise a meta-aramid to ABR9-0142 with
an approximate density of 1.465 Mgm™. If the aramid fibres are difficult to vulcanise then

other fibre materials such as a polyester or glass may be used.

If access is required into the chamber 7, then the diaphragm can be removed, rolled up and
passed out of the confined wing areca through a manhole (not shown). Metallic or
composite doors have to remain within the wing as they are usually too bulky to pass

through the manhole.

Unlike a conventional wing tank liner as described i US5983945, the diaphragm 1s
fastened to the airframe and feeds loads directly into that airframe. It is also capable of
transferring loads from one end of the diaphragm to the other as a rigid boundary would.
As well as being sufficiently flexible to be removable from the wing, the diaphragm must
be stiff enough to resist hydraulic pressure pulses created by high-G manocuvres of the
aircraft. Tests with a 400mm by 400mm diaphragm have shown that 1t 1s able to fully
contain a 53 psi pulse of compressed air with no leakage and a displacement at the centre

of the diaphragm of 35mm.
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Figure 3 1s a sectional view along a line A-A 1 Figure 1. A plurality of fastener bolts are
distributed around the periphery of the diaphragm, each fastener passing through the

thickness of the attachment frame 9 and the rib 5 as shown 1n Figure 3.

Each bolt has a shaft with a threaded distal end 14 which passes through holes 1n the b 3,
diaphragm 8 and attachment frame 9. The head 15 of the bolt engages the face of the rib 5,
and a nut 16 1s screwed onto the shaft and bears against a washer 17 which in turn bears

against the face of the frame 9.

A compression and corrosion resistant ferrule 18 supports the load of the fastener. If the
fastener were tightened directly to the diaphragm 8 then the material would suffer cold

creep and this would manifest itself as apparent torque relaxation of the fastener system.

The interleaf 13 reinforces the rubber and fabric diaphragm where 1t 1s weakened by the
fastener hole. The interleaf 13 also doubles as reinforcement so that 1t may provide
stiffness to resist the bowing force (1n the x direction) between the fasteners at a point mid

fastener pitch caused by the pressure in the diaphragm being converted into a tension load.

The attachment frame 9 has a channel section as shown 1n order to provide a strong
calming force between the fasteners - at a point mid fastener pitch to oppose the reaction to
exerted load (1n the y direction) this must exceed the reaction load y to give acceptable

sealing.

The assembly method shown 1n Figure 3 has a number of disadvantages the most
significant of which 1s that the diaphragm 1s compromised by the fastener holes and
strength 1s reduced. Secondly the assembly is complex, bulky, massive and therefore

costly. Some solutions to these problems are shown 1n Figures 4-7 below.

In Figure 4 the flexible diaphragm 8 1s manufactured without the interleaf 13. In 1ts place
the perimeter of the diaphragm contains a fully encapsulated bonded wire 20. A channel
21 1s moulded 1 an extemal face 22 of the diaphragm. Note that the wire 20 extends
around the full periphery of the diaphragm, and 1s positioned closer to its outer edge 25
than the channel 21.
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An aluminium attachment frame extends around the full periphery of the diaphragm. The
attachment frame has a return portion 24 which 1s received in the channel 21, and a
peripheral portion 23 which 1s positioned outside an outer edge 25 of the diaphragm and
attached to the r1b 5 by bolts.

The tension load, x, 1s transferred from the diaphragm into the attachment frame using the
bonded wire 20 as an anchor locked 1n place by the return 24 1n the attachment frame. The
peripheral position of the portion 23 allows the fastener load to be transferred directly into
the b 5 removing the need for the ferrule 18. The modified section of the wire 20 still has
to provide a strong calming force between the fasteners - at a point mid fastener pitch to
oppose¢ the reaction to exerted load (1n the y direction) this must exceed the reaction load y

to give acceptable sealing.

Note that the clamping arrangement shown 1n Figure 4 enables the diaphragm to act as a
bursting disk. That 1s, a large spanwise fuel pressure pulse will cause the clamping
arrangement to fail and release the diaphragm, diverting load away from the upper and

lower skins and reducing the likelihood of rupture 1n the upper and lower skins.

In Figure 5 the diaphragm 8 has no bonded interleaf or wire and the assembly 1s reduced to
1ts most simple form. The attachment frame 30 has an arm 31 bonded directly to the
external face 22 of the diaphragm 8 and the frame 1s then able to supply all the support in
both the x and y directions. This 1s because the bonding limits the movement of the
diaphragm & relative to the frame 30 and results 1n a stiffer assembly. Figure 5 1s the

lowest mass and most compact solution and probably the lowest cost option.

Figure 6 presents an alternative option for a bonded diaphragm clamp where the
attachment frame 40 1s bonded and encapsulated within the diaphragm 8. This gives
higher bond strength than the Figure 5 solution and would be suitable where higher loads

are anticipated.

Figure 7 presents a further alternative option for a bonded diaphragm clamp where the
attachment frame 50 engages both extemal faces of the diaphragm 8. This provides a

higher bonding strength than the solution of Figure 5, and also encloses the bonded area so



10

15

20

25

CA 02699795 2010-03-16

WO 2009/050510 PCT/GB2008/050942

that 1t has a greater resistance to mechanical damage. Elastomeric seals 51,52 provide a

fluid-tight seal between the frame 50 and the rib.

Figure 8 1s a sectional view of an alternative diaphragm 60. The material forming the
diaphragm 60 comprises various layers of fabric impregnated with an elastomeric matrix.

The elastomeric matrix may comprise a fluorosilicone rubber, for example.

The diaphragm 60 comprises a relatively thick region 61 around 1ts periphery where 1t 1s
attached to the rib; and a relatively thin central region 62 which reduces weight and
material volume. The central region 62 has only one or two layers of fabric and a thickness
of approximately 0.8-1.5mm, and the outer region 61 has four layers. Two internal
interleafs 63,63 of stiff material are bonded within the diaphragm and extend around the
outer region 61. The central fabric layer passes between these two interleafs. The two
external faces of the outer region 61 carry moulded protrusions 65-68 which engage with

an attachment frame (not shown) and fully seal against fuel leakage.

Figure 9 1s a sectional view of an alternative diaphragm 70 and clamping assembly. The
diaphragm 70 1s similar to the diaphragm 60 but 1n this case has only one protrusion 71 on
1ts upper surface. Figure 9 shows only the outer region of the diaphragm 70. The centre of

the diaphragm may be thinned 1n a similar manner to the diaphragm 60.

An attachment frame 72 clamps the diaphragm 70 to the rib 5. A fastener shaft 73 passes
through the frame 72, diaphragm 70 and rib 5. The frame 72 has a bent section 74 defining

a channel 75 which receives the protrusion 71.

Figure 10 1s a sectional view of a further alternative diaphragm 80 and clamping assembly.
The diaphragm 80 1s similar to the diaphragm 70 and has a protrusion 81 on its upper
surface. An attachment frame clamps the diaphragm 80 to the rib 5. The attachment frame
has an outer portion 82 which 1s fastened to the rib 5, and an 1nner portion with a bent

section 83 defining a channel 84 which receives the protrusion 1.

The most significant advantage of the designs of Figures 4-7 and 10, compared with the

designs of Figures 3 and 9, 1s that the diaphragm 1s not compromised by the introduction of
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fastener holes. As a result these designs are inherently stronger. Also, as there 1s no need
to add extra stiffening around these holes to resist tearing of the rubber and fabric, further
mass 1S saved. Also the diaphragm does not have to extend peripherally beyond the
fasteners, and as a result the diaphragm can be smaller in the y-direction and therefore
lighter. Also because the shafts of the fasteners do not pass through the diaphragm they
can be shorter, saving further mass. Finally, the assembly takes up less space in the y-

direction.

In the embodiments described above, the diaphragm 1s attached to a planar rib 5 which lies
substantially in the same plane as the diaphragm. However other arrangements are
possible, for instance the diaphragm may completely replace the b 5, and be attached

around 1ts periphery by flanges to the spars 3,4 and skins 2,3.

An example of such an altemative arrangement 1s shown in Figures 11 and 12. A wing-
box 92 comprises an upper skin 1, lower skin 2, leading edge spar 3, and trailing edge spar
4. The rbs of a conventional wing-box are replaced by elastomeric diaphragms 90, similar
to the diaphragm 8 shown 1n Figure 1. Each diaphragm 90 1s connected at its periphery to
the covers 1,2 and the spars 3,4, using an attachment arrangement similar to one of the
arrangements shown 1 Figures 4-10. Elements 1-4 and 90 define the boundaries of five

fuel tank chambers.

Hydraulic rams 91 act between the upper and lower skins 1,2, and can be expanded and
contracted 1n order to provide a so-called “morphing” wing structure. Note that only one
ram 1S shown 1n each chamber but 1n practice a larger number of such rams may be
provided. The elastomeric diaphragms 90 can flex to accommodate the flexing of the
upper and lower skins, as well as being sufficiently strong to contain span-wise fuel

pressure pulses.

The fabric reinforcement in the diaphragms 90 can be tailored to provide increased
stiffness 1 one or more direction. For instance the diaphragm can be made flexible 1n the

Z-direction between the skins 1,2, but stiffer in the other two orthogonal X and Y

directions.
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A further alternative arrangement 1s shown in Figure 13. A wing-box 93 comprises upper
and lower skins (not shown) a leading edge spar 3, a trailing edge spar 4 and a series of six
rigid ribs 96. Elastomeric diaphragms 97, similar to the diaphragms 8,90, run in a
spanwise direction. Each diaphragm 97 1s connected at its periphery to the skins (not
shown) and an adjacent pair of ribs 96, using an attachment arrangement similar to one of
the arrangements shown 1n Figures 4-10. Elements 94-97 and the upper and lower skins
(not shown) define the boundaries of ten fuel tank chambers. The diaphragms 97 protect

the front spar 94 from the chordwise fuel pressure pulse resulting from a crash of the

aircraft.

Although the invention has been described above with reference to one or more preferred
embodiments, 1t will be appreciated that various changes or modifications may be made

without departing from the scope of the invention as defined in the appended claims.

10
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

.

10.

A tank for containing a fluid within a chamber of a vehicle, wherein the boundaries
of the chamber are partially defined by a rigid structure having an opening; and
partially defined by an elastomeric diaphragm which 1s attached around its

periphery to the rigid structure and covers the opening.

The tank of claim 1 wherein the tank 1s a fuel tank.

. The tank of claim 1 or 2 wherein the material forming the diaphragm comprises a

reinforcement element.

The tank of one of claims 1 to 3 wherein the material forming the diaphragm has a

density lower than 1.6 Mgm”™.

. The tank of one of claims 1 to 4 wherein the diaphragm comprises a fluorosilicone

rubber.

The tank of one of claims 1 to 5 wherein the diaphragm defines at least part of a

dividing wall between two tank chambers.

The tank of one of claims 1 to 6 wherein the diaphragm comprises a relatively thick
region around its periphery where it is attached to the rigid structure; and a

relatively thin central region.

The tank of one of claims 1 to 7 further comprising an attachment frame which
engages the diaphragm and the rigid structure, and extends around the periphery of

the diaphragm.

The tank of claim 8 further comprising a plurality of fasteners which are distributed
around the periphery of the diaphragm, each fastener passing through the thickness

of at least the attachment frame and the rigid structure.

The tank of claim 8 or 9 wherein the attachment frame has a first portion which
engages the diaphragm, and a second portion which is positioned outside an outer

edge of the diaphragm and attached to the rigid structure.

11
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11. The tank of claim 10 wherein the second portion of the attachment frame comprises
a plurality of holes which pass through the thickness of the attachment trame, each
hole receiving a respective fastener which attaches the attachment frame to the rigid

structure.

12. The tank of claim 10 or 11 wherein the first portion of the attachment frame 1s

encapsulated within the diaphragm.

13. The tank of any one of claims 8 to 12 wherein the attachment frame engages one or

two external faces of the diaphragm.

14. The tank of claims 10 or 13 wherein the first portion of the attachment frame

engages one or two external faces of the diaphragm.

15. The tank of any one of claims 8 to 14, wherein the attachment frame is bonded to

the diaphragm.

16. The tank of any one of claims 8 to 15, wherein at least one external face of the
diaphragm comprises one or more protrusions and/or indentations which engage the

attachment frame.

17. The tank of claim 16 wherein the diaphragm comprises at least one indentation
which engages the attachment frame; and a reinforcement element which 1s
encapsulated within the diaphragm, extends around the periphery of the diaphragm,

and is positioned closer to an outer edge of the diaphragm than the indentation(s).

18. The tank of any one of claims 1 to 17 further comprising one or more actuators

configured to change the shape of at least part of the rigid structure to which the

diaphragm 1s attached.

19.  The tank of any one of claims 1 to 18 wherein the vehicle 1s selected from the

group consisting of aircraft, ships and fuel tanker lorries.

20.  An aircraft comprising the tank of any one of claims 1 to 18 wherein the tank 1s

a fuel tank containing fuel for the aircraft.

12
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