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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a tool for locat-
ing a seal member arrangement over a stringer-receiving
recess in a rib of an aircraft assembly. The present in-
vention also relates to a sealing kit, a method of fixing a
seal member arrangement over a stringer-receiving re-
cess in a rib of an aircraft, and an aircraft assembly.

BACKGROUND OF THE INVENTION

[0002] Aircraft wings are typically formed with a wing
assembly comprising a pair of spars which extend in a
spanwise direction. That is, from a root of a wing at the
fuselage of the aircraft to a wing tip distal from the root.
A plurality of ribs extend in a chordwise direction. That
is, in a direction from a leading edge of the wing to a
trailing edge. The ribs extend between the spars. A skin
comprising lower and upper covers extends over the low-
er and upper sides of the spars and ribs.
[0003] Fuel in an aircraft is typically stored in one or
more fuel tanks or sealed compartments located in the
interior space of the wings and fuselage of the aircraft.
The fuel tanks or sealed compartments are typically de-
fined by structural components of the aircraft assembly.
The boundary of such a fuel tank or sealed compartment
may be at least partially defined by the spanwise extend-
ing spars, a pair of sealed ribs and the lower and upper
covers.
[0004] A plurality of stringers are disposed on an inner
surface of the skin and act to stiffen the skin. The stringers
extend in a spanwise direction. As such, the stringers
extend through the plurality of ribs. Cut-outs, acting as
recesses are formed at the edges of the sealed ribs
through which the stringers extend. The cut-outs are pro-
vided with dimensions greater than those of the stringer
to be received to account for tolerance build-up during
manufacture and assembly of components.
[0005] Seal plates are provided to seal the cut-outs
formed in the rib. Each seal plate is typically fastened to
the rib and extends over the cut-out to lie adjacent to the
stringer extending therethrough. A bead of sealant pro-
vides a liquid tight joint between the sealing plate and
the stringer to restrict the flow of fuel through the cut-out.
Each cut-out is sealed by a pair of seal plates, one on
each side of the stringer. The pair of seal plates overlap
each other at the upper end of the cut-out.
[0006] Seal plates are manually installed from inside
the fuel tank following assembly of the cover with the ribs.
Seal plates are required to cover and seal the cut-outs.
With such an approach it is possible to select an appro-
priately sized seal plate and install the seal plate over
the cut-out. US2012/325968 A1 describes a method and
apparatus for connecting parts to an aircraft stringer, by
using a jig for marking holes in the stringer.
US2017/210482 A1 describes a fuel delivery system to

reduce residual fuel in the fuel system, disclosing a meth-
od of fixing sealing plates over a stringer-receiving recess
in a rib, comprising the step of fastening the sealing plates
to the rib. US2016/355273 A1 relates to baffle fuel dams
and tank boundary fuel dams having a single-piece or
two-piece construction.
[0007] However, installation of the seal plates in an
assembled fuel tank is difficult and time consuming due
to the confined space available. It is also necessary to
measure the gap formed by the cut-out and select and
fit an appropriate seal plate.

SUMMARY OF THE INVENTION

[0008] According to an aspect of the invention, there
is provided a tool for locating a seal member arrangement
over a stringer-receiving recess in a rib of an aircraft as-
sembly, the tool comprising a holder configured to hold
the seal member arrangement over the recess, a biasing
arrangement configured to act on the holder to bias the
seal member arrangement into an aligned position with
a stringer received in the recess, and a fixing arrange-
ment configured to act on the seal member arrangement
to fix the seal member arrangement in the aligned posi-
tion.
[0009] With this arrangement, it is possible for the tool
to self-align the seal member arrangement with a string-
er. As such it is possible to simplify assembly of the air-
craft assembly, and so reduce assembly time.
[0010] The tool may comprise a mount configured to
mount the seal member arrangement to the rib.
[0011] The holder may be configured to align an abut-
ment edge of the seal member arrangement with an ad-
jacent surface of the stringer received in the recess in
the aligned position.
[0012] The holder may comprise an aligning edge con-
figured to abut against the stringer to align the seal mem-
ber arrangement in the aligned position. As such, align-
ment of the seal member arrangement is simplified. It is
possible to improve the sealing of the seal member ar-
rangement over the recess.
[0013] The holder may be configured to hold the seal
member so that the abutment edge of the seal member
is configured to abut against the stringer to locate at least
part of the seal member arrangement in the aligned po-
sition.
[0014] The seal member arrangement may comprise
a seal plate, and the holder may be configured to receive
the seal plate.
[0015] The biasing arrangement may be configured to
bias the seal plate in a direction along the plane of the
seal plate.
[0016] The holder may be configured to hold the seal
plate parallel to a face of the rib in which the recess is
formed.
[0017] The holder may comprise a retention element
for retaining the seal plate on the holder. As such, reten-
tion of the seal plate by the tool is simplified.
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[0018] The retention element may comprise a cavity
configured to at least partially receive the seal plate.
[0019] The retention element may comprise a suction
pad.
[0020] The seal plate may be a first seal plate, and the
holder may comprise a first holder part configured to hold
the first seal plate. The tool may comprise a second hold-
er part configured to hold a second seal plate, wherein
the biasing arrangement is configured to bias the first
holder part and the second holder part in different direc-
tions.
[0021] The biasing arrangement may be configured to
bias the first holder part and the second holder part in
opposing directions.
[0022] The first and second holder parts may be mov-
able between a neutral position in which a spacing be-
tween the first and second seal plates held by the first
and second holder parts is less than a thickness of a web
of the stringer configured to be received between the
holders, and the aligned position in which the spacing
between the first and second seal plates held by the first
and second holder parts corresponds to the thickness of
the web of the stringer.
[0023] The tool may further comprise a third holder part
configured to hold a third seal plate wherein the biasing
arrangement is configured to bias the third holder part in
different directions to the first holder part and the second
holder part.
[0024] The biasing arrangement may be configured to
allow the seal member to pivot.
[0025] The tool may further comprise a position mark-
ing arrangement for marking the alignment of the seal
member arrangement relative to the rib.
[0026] The position marking arrangement may com-
prise a templating arrangement on the holder for tem-
plating at least one seal member arrangement fastening
hole in the seal member arrangement and/or the rib.
[0027] The templating arrangement may comprise at
least one template hole extending through the holder.
[0028] The biasing arrangement may be configured to
act on the holder to bias the seal member arrangement.
[0029] The biasing arrangement may comprise at least
one resilient member.
[0030] The fixing arrangement may be configured to
urge the seal member arrangement against the rib when
the seal member arrangement is located over the recess.
[0031] The fixing arrangement may be configured to
act on the seal member arrangement in a direction per-
pendicular to the biasing arrangement.
[0032] The holder may be configured to expose a rib-
locating side of the seal member arrangement when the
seal member arrangement is received by the holder.
[0033] The holder may be configured to hold the seal
member arrangement against the rib when the seal mem-
ber arrangement is located over the recess.
[0034] The fixing arrangement may comprise an actu-
ator configured to selectably move between fixed and
movable conditions.

[0035] The actuator may be configured to be wirelessly
operable.
[0036] The mount may comprise a rib stiffening assem-
bly tool.
[0037] The holder may comprise a cam surface con-
figured to act on the stiffener inserted into the recess.
[0038] According to another aspect of the invention,
there is provided a sealing kit for sealing a stringer-re-
ceiving recess in a rib of an aircraft assembly, comprising
the tool as set out above and at least one seal member.
[0039] The sealing kit may comprise a curable sealant.
[0040] According to another aspect of the invention,
there is provided a method of fixing a seal member ar-
rangement over a stringer-receiving recess in a rib of an
aircraft, using the tool as set out above, the method com-
prising positioning the holder of the tool to hold a seal
member arrangement at least partially over the recess,
biasing with the biasing arrangement of the tool the seal
member arrangement into an aligned position with a
stringer received in the recess, fixing with the fixing ar-
rangement of the tool the seal member arrangement in
the aligned position; removing the stringer from the re-
cess; and fastening the seal member arrangement to the
rib in the aligned position.
[0041] The method may comprise marking the location
of the seal member arrangement on the rib in the aligned
position, and removing the tool prior to fastening the seal
member arrangement in the aligned position.
[0042] The method may comprise using a templating
arrangement of the tool to form fastening holes through
the rib and/or seal member arrangement to mark the lo-
cation of the seal member arrangement on the rib in the
aligned position.
[0043] The method may comprise urging the seal
member arrangement against the rib to fix the seal mem-
ber arrangement in the aligned position.
[0044] The method may comprise, subsequent to po-
sitioning the tool, inserting the stringer in the recess such
that the seal member arrangement is urged outwardly.
[0045] The method may comprise, subsequent to fas-
tening the seal member arrangement to the rib, reinsert-
ing the stringer in the recess.
[0046] The method may comprise applying sealant to
the seal member arrangement prior to reinserting the
stringer in the recess.
[0047] According to another aspect of the invention,
there is provided an aircraft assembly comprising: a rib
having at least two rib feet configured to join a bottom
edge of the rib to another component, and a recess be-
tween the rib feet; a stringer received in and extending
through the recess; a seal member arrangement, com-
prising a first seal plate extending at least partially over
the recess from a first edge of the recess, a second seal
plate extending at least partially over the recess from a
second edge of the recess and a third seal plate extend-
ing at least partially over the recess from a third edge of
the recess, wherein the first, second and third plates of
the seal member arrangement do not overlap and are
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fixed over the recess of the rib by performing the steps
of the method as set out above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Embodiments of the invention will now be de-
scribed with reference to the accompanying drawings, in
which:

Figure 1 is a plan view of an aircraft;

Figure 2 is a cut-away schematic side view of part
of a wing box assembly of a wing of the aircraft shown
in Figure 1 at an interface of a rib, a stringer and a
lower cover;

Figure 3 is a schematic rear view of a tool configured
to locate a seal plate arrangement over a stringer-
receiving recess formed in the aircraft rib shown in
Figure 2;

Figure 4 is a schematic cut-away front view of the
tool shown in Figure 3 showing seal plates of the
seal plate arrangement held by a holder of the tool;

Figure 5 is a schematic view of a rib with the tool
shown in Figures 3 and 4 mounted on the rib and
disposed over a stringer-receiving recess, with the
holder in a neutral position;

Figure 6 is a schematic view of the rib and tool shown
in Figure 5 with a stringer partially received in the
recess with the holders with the seal plates adapting
to receive of the stringer;

Figure 7 is a schematic view of the rib and tool shown
in Figure 6 with the stringer in an assembled position
in the recess with the holder in an adapted position
with the stringer;

Figure 8 is a schematic view of the rib and tool shown
in Figure 7 with the stringer in the assembled position
in the recess with the holder in the adapted position
to receive the stringer, and a fixing arrangement fix-
ing the holder in the adapted condition;

Figure 9 is a schematic view of the rib and tool shown
in Figure 8 with the holder fixed in the adapted po-
sition and the stringer in a partially removed position;

Figure 10 is a schematic view of the rib and tool
shown in Figure 9 with the holder fixed in the adapted
position and the stringer removed, and showing a
templating arrangement for forming corresponding
fastening holes in the seal plates and rib;

Figure 11 is a schematic view of the rib shown in
Figure 10 with the tool removed and fastening holes

formed in the rib;

Figure 12 is a schematic view of the rib shown in
Figure 11 with the seal plates fixed to the rib in a
fastening position corresponding to the adapted con-
dition;

Figure 13 is a schematic view of the assembled rib
and seal plates shown in Figure 12 with the stringer
partially received in the recess;

Figure 14 is a schematic view of the assembled rib
and seal plates shown in Figure 13 with the stringer
in the assembled position;

Figure 15 is a schematic perspective view of a string-
er with a stringer cover; and

Figure 16 is a schematic view of part of the fixing
arrangement shown in Figure 8.

DETAILED DESCRIPTION OF EMBODIMENT(S)

[0049] An aircraft 10 is shown in Figure 1. The aircraft
10 includes a fuselage 11. Two wings 12 extend from the
fuselage 11. It will be appreciated that the fuselage 11
and wings 12 may take a variety of different planformed
shapes and profiles. Each wing 12 has a wing root 14 at
the juncture with the fuselage 11. The wing 12 has a wing
tip 15 at a distal end to the wing root 14. The wing 12 has
a leading edge 16 and a trailing edge 17. The wing 12
comprises a wing box 18. The wing box 18 is an aircraft
assembly.
[0050] One of the wings 12 will be described herein.
The wing 12 has a spanwise axis which extends in a
direction from the wing root 14 to the wing tip 15. The
wing 12 has a chordwise axis which extends in a direction
from the leading edge 16 to the trailing edge 17.
[0051] Part of the wing box 18 is shown in Figure 2.
The wing 12 comprises a pair of spars (not shown) ex-
tending in the spanwise direction. A plurality of ribs 20
extend in the chordwise direction. The ribs 20 are sub-
stantially planar, and located at intervals along the span
of the wing 12. The ribs 20 extend between the spars
(not shown). Part of one rib 20 is shown in Figure 2. The
wing 12 has a skin 21 comprising an upper cover 21a
and a lower cover 21b. The upper cover 21a is shown in
Figure 1 and the lower cover 21b in Figure 2. The wing
box 18 defines a number of sealed compartments or fuel
tanks 22 which are separated from each other by the ribs
20.
[0052] Each sealed compartment 22 has upper and
lower walls provided by the upper and lower covers 21a,
21b, fore and aft walls provided by the spars (not shown),
and inboard and outboard walls provided by a pair of
sealed ribs 20. The inboard and outboard walls may be
defined by adjacent ribs 20. In one embodiment, inter-
mediate unsealed ribs are provided in the fuel compart-
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ment 22. The pair of sealed ribs 20 provide boundaries
between the sealed compartments 22. The sealed ribs
20 are sealed around their peripheries to prevent fuel
flowing from the sealed compartment 22, across the
plane of the sealed ribs 20, apart from through predeter-
mined conduits.
[0053] Figure 2 shows a face 23 of the rib 20 where it
joins the lower cover 21b. The lower cover 21b carries a
plurality of stringers 24 which run spanwise along the
wing 12. One of such stringers 24 is shown in Figure 2,
and it has a T-section with a lower flange, or stringer foot,
25 attached to an inner surface 26 of the lower cover 21b
and a blade, or stringer web, 27 extending away from the
lower cover 21b. The stringer web 27 upstands from the
stringer foot 25. The stringer web 27 has a free end 27a
at the distal end to the stringer foot 25.
[0054] The plurality of stringers 24 extend spanwise
along the skin 21 and act to stiffen the skin 21. The string-
ers 24 are fastened to the skin 21.
[0055] The rib 20 is attached to the skin 21 by a series
of rib feet 28. Two rib feet 28 are shown in Figure 2. In
this case the rib feet 28 are attached to the stringer foot
25 of the stringer 24. The rib 20 has a rib web 29. The
rib web 29 defines the face 23. The rib web 29 comprises
a substantially planar panel. The rib feet 28 comprise a
flanged section extending perpendicular to the plane of
the rib web 29. Mounting holes (not shown) are formed
through the rib feet 28.
[0056] The stringer 24 passes through a cut-out 30 be-
tween adjacent rib feet 28. The cut-out 30 is formed in
the bottom edge of the rib 20. The cut-out 30 acts as a
recess. The cut-out 30 has a first side edge 31, a second,
opposing, side edge 32, and an upper edge 33. The upper
edge 33 is arcuate.
[0057] The stringer web 27 has opposing side surfaces
35.
[0058] A gap 36 is formed between the stringer 24 and
the edges 31, 32, 33 of the cut-out 30. The gap 36 extends
around the periphery of the part of the stringer web 27
received in the cut-out 30. As shown in Figure 14, the
gap between the stringer 24 and the rib 20 is covered by
a seal member arrangement 40. The seal member ar-
rangement 40 comprises first, second and third seal
plates 41, 42, 43 which are fastened to the rib 20 by
fasteners 44. The seal plates 41, 42, 43 act as seal mem-
bers. As such, seal members may have different config-
urations.
[0059] The seal member arrangement 40 prevents fuel
from flowing across the rib 20 through the gap 36. Sealant
(not shown) is disposed around the seal member ar-
rangement 40. As such, the edges of the seal plates 41,
42, 43 are made fluid-tight by a bead of sealant which
runs around the full periphery of each of the seal plates
41, 42, 43.
[0060] In the present arrangement, the seal member
arrangement 40 comprises three seal plates - the first
seal plate 41 disposed on a first side of the stiffener web
27, the second seal plate 42 disposed on the other, op-

posing, side of the stiffener web 27 and the third seal
plate 43 disposed on the top end of the stiffener web.
The number of seal plates of the seal member arrange-
ment 40 may differ. The seal member arrangement 40
may comprise one seal plate. Alternatively, the seal
member arrangement 40 may comprise two seal plates.
In such an embodiment, the seal plates may be disposed
on each side of the stiffener web 27, and may comprise
a protruding portion which extends partially over the free
end 27a. An advantage of using three seal plates is that
a close fit with the stiffener web may be made irrespective
of the tolerance build-up on each side and the upper end
of the stiffener web 27, and so the remaining gap to be
sealed by sealant may be minimised.
[0061] Each seal plate 41, 42, 43 comprises a rib lo-
cating face 45 (refer to Figure 4) and a holding face 46.
An edge of each seal plate 41, 42, 43 forms an abutment
edge 47. The abutment edge 47 is configured to locate
adjacent to the stringer 24. The length of the abutment
edge 47 of each of the first and second seal plates 41,
42 generally corresponds to the length of the stiffener
web 27. The seal plates 41, 42, 43 are formed from a
rigid material, such as aluminium. Each of the first and
second seal plates 41, 42 has an end protrusion 48. The
end protrusion 48 defines part of the abutment edge 47.
Each edge plate 41, 42, 43 is planar.
[0062] A tool or tooling system 50 for locating the seal
plates 41, 42, 43 is shown in Figures 3 and 4, with Figure
3 showing the tool 50 from a rear, urging, side 51, and
Figure 4 showing the tool 50 from a front, rib locating,
side 52. The tool 50 has a body 53. The body 53 may
have a rear wall which is omitted in Figure 4 for clarity.
The body 53 forms a tool housing.
[0063] The body 53 has a mount 54. The mount 54 is
configured to removably mount the tool 50 to the rib 20.
The mount 54 comprises mounting sections 55 for re-
leasably mounting the tool 50 relative to the rib 20. The
plurality of mounting sections 55 hold the tool 50 stabily
on the rib 20. The mount 54 holds the tool 50 on the face
23 of the rib 20, with the tool 50 positioned over the cut-
out or recess 30. As such, the tool 50 may be correctly
located. The mount 54 in one embodiment comprises a
rib stiffening assembly tool (not shown). The rib stiffening
assembly tool comprises a removable stiffening member.
The rib stiffening assembly tool is mounted to the rib to
stiffen the rib during assembly of the wing box 18.
[0064] The tool 50 has a holder 60. The holder 60 is
configured to hold the seal plates 41, 42, 43. When the
tool 50 is mounted over the cut-out 30, the holder 60 is
configured to hold each of the seal plates 41, 42, 43 at
least partially over the cut-out 30. The tool has a biasing
arrangement 70. The biasing arrangement 70 acts on
the holder 60 to bias the holder 60. The biasing arrange-
ment 70 urges each of the seal plates 41, 42, 43 towards
each other. As described below, the biasing arrangement
70 biases the seal plates 41, 42, 43 into an aligned po-
sition with the stringer 24 received in the cut-out 30.
[0065] The tool 50 has a fixing arrangement 80. The
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fixing arrangement 80 selectively acts on the holder 60
to hold the holder 60, and therefore fix the seal plates
41, 42, 43 in a position.
[0066] The holder 60 comprises a first holder part 61,
a second holder part 62 and a third holder part 63. Each
holder part 61, 62, 63 is configured to hold one of the
seal plates 41, 42, 43. The holder parts 61, 62, 63 are
movable elements in the housing 51.
[0067] The first holder part 61 is configured to hold the
first seal plate 41. The second holder part 62 is configured
to hold the second seal plate 42. The third holder part 63
is configured to hold the third seal plate 43.
[0068] Each holder part 61, 62, 63 comprises a plate
member 65. The holder parts 61, 62, 63 will be described
predominantly with reference to the first holder part 61,
but the description applies to each holder part. The plate
member 65 comprises a seal plate retaining surface 66.
The seal plate retaining surface 66 is formed by a cavity
67 in the plate member 65. The cavity 67 corresponds
to the shape of the respective seal plate 41, 42, 43 and
acts to align the seal plate 41, 42, 43 in the tool 50. Align-
ment of seal plates 41, 42, 43 in the tool 50 may be
achieved by alternative means, for example by upstand-
ing tabs.
[0069] Each holder part 61, 62, 63 has a retention el-
ement (not shown), acting as a retaining means, for re-
taining the respective seal plate 41, 42, 43. The cavity
67 may be configured to push fit receive the respective
seal plate 41, 42, 43. A releasable adhesive or suction
pad (not shown) may form the retention element. When
the seal plate 41, 42, 43 is received by the respective
holder part 61, 62, 63, the rib locating face 45 is presented
at the front side 52 of the tool 50. The rib locating face
45 is exposed, as shown in Figure 4.
[0070] Each holder part 61, 62, 63 comprises an align-
ing edge 68. The aligning edge 68 is configured to align
with the stringer web 27. The aligning edge 68 is linear
to align with the side surface 35 or free end 27a of the
stringer web 27, however the shape may differ. In the
present embodiment, each holder part 61, 62, 63 is con-
figured so that the aligning edge 68 aligns with the abut-
ment edge 47 of the received seal plate. However, in
embodiments, the holder part 61, 62, 63 is configured so
that the abutment edge 47 of the received seal plate 41,
42, 43 protrudes from the aligning edge 68 of the holder
part 61, 62, 63. As such, abutment of the seal plate 41,
42, 43 with the stringer web 27 is ensured. Alternatively,
in embodiments, the holder part 61, 62, 63 is configured
such that the abutment edge 47 of the received seal plate
41, 42, 43 is slightly from the aligning edge 68 of the
holder part 61, 62, 63. As such, it is possible to ensure
that a consistent bead of sealant is receivable between
the seal plate 41, 42, 43 and the stringer 24 upon assem-
bly.
[0071] Each of the first and second holder parts 61, 62
has a locating tab 69. The locating tab 69 is configured
to extend from a lower end of the respective holder part
61, 62. The locating tabs 69 receive the end protrusions

48 of the first and second seal plates 41, 42. The locating
tabs 69 define part of the respective aligning edge 68.
The locating tabs 69 act as guides with cam surfaces
upon which the free end 27a of the stringer web 27 acts.
[0072] The biasing arrangement 70 comprises resilient
members 74. The resilient members 74 are configured
to act on the holder 40. That is, the resilient members 74
are configured to act on the first, second and third holder
parts 61, 62, 63. The biasing arrangement 70 comprises
a first biasing mechanism 71 configured to act on the first
holder part 61, a second biasing mechanism 72 config-
ured to act on the second holder part 62 and a third bi-
asing mechanism 73 configured to act on the third holder
part 63. The resilient members 74 in the present embod-
iment are compression springs, however alternative bi-
asing arrangements are envisaged. In the embodiment
described herein, each biasing mechanism comprises
two resilient members, however the number of resilient
members may vary. The biasing mechanism of each re-
spective holder part allows pivoting of the holder part
about its plane.
[0073] The biasing arrangement 70 is configured to
hold the first and second holder parts 61, 62 in a spaced
arrangement in a neutral position, that is when the string-
er 24 is not received therebetween. A spacing 75 is there-
fore provided between the first and second holder parts
61, 62. The width of the spacing 75 in the neutral position
is less than the thickness of the stringer web 27 to be
received in the spacing. The biasing arrangement 70 is
configured to act inwardly in the tool 50. When the stringer
web 24 is received by the tool 50, the biasing arrange-
ment 70 is configured to urge the holder parts 61, 62, 63
against the stringer web 24.
[0074] The fixing arrangement 80 comprises actuators
81, 82, 83 which are selectively actuatable to fix the po-
sition of the holder 60. The fixing arrangement 80 is
shown in Figure 3. The actuators 81, 82, 83 are each
configured to act on a respective one of the first, second
and third holder parts 61, 62, 63. Each actuator 81 is
configured to fix the position of the respective holder part
in the tool relative to each other holder part 61, 62, 63.
Each actuator 81, 82, 83 is operable to act on a rear side
of the respective holder part 61, 62, 63. The actuators
81, 82, 83 are configured to urge the holder parts 61, 62,
63 towards, and therefore against, the rib 20. Each ac-
tuator 81, 82, 83 is electrically actuated. The actuators
are configured to selectively move between retracted and
urging conditions.
[0075] Referring to Figure 16, the fixing arrangement
80 comprises a controller 85 and a communication mod-
ule 86. The controller 85 is user-operable with a user
input module 87. The controller 86 comprises a processor
and a memory unit. The fixing arrangement 80 is config-
ured to be operable remotely from the tool 50. The actu-
ators 81, 82, 83 are configured to be wirelessly operable.
The communication module 86 is a wireless communi-
cation device. As such, the tool 50 is operable remotely
when the lower cover 21b is received on the ribs 20, and
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so access to the fuel tank 22 is not required to operate
the tool.
[0076] The tool 50 further comprises a templating ar-
rangement 90. The templating arrangement 90 forms
part of a position marking arrangement to provide for
marking the position of the seal plates 41, 42, 43 on the
rib 20, when the tool 50 is holding the seal plates 41, 42,
43 in the aligned position, as will become clear below.
[0077] The templating arrangement 90 comprises a
plurality of template holes 91 in the holder 60. Each holder
part 61, 62, 63 has two template holes 91 formed through
the plate body 65. The template holes 91 correspond to
a predetermined location of forming fastening holes 92
(refer to Figure 10) in each seal plate 41, 42, 43. During
assembly, the template holes 91 are usable to form cor-
responding fastening holes 92 and attachment holes 93
(see Figure 11) in the seal plates 41, 42, 43 and rib web
27 for receiving fasteners 44.
[0078] A method of assembling the aircraft assembly
will now be described with reference to Figures 5 to 14.
The method of assembling the aircraft assembly also in-
cludes a method of fixing a seal member arrangement
over a stringer-receiving recess in a rib of an aircraft.
[0079] As shown in Figure 5, the seal plates 41, 42, 43
are loaded in the tool 50. Each holder part 61, 62, 63
receives and holds the respective seal plate 41, 42, 43.
The tool 50 holding the seal member arrangement 40 is
positioned over the cut-out or recess 30 in the rib 20. The
tool 50 is removably mounted to the rib 20 using the
mount 54. As such, the seal plates 41, 42, 43 are dis-
posed to extend over the recess 30. The first seal plate
41 overlaps the first side edge 31, the second seal plate
42 overlaps the second, opposing, side edge 32, and the
third seal plate 43 overlaps the upper edge 33.
[0080] The holder 60 is disposed in its neutral position,
with the biasing arrangement 70 holding the first and sec-
ond holder parts 61, 62 in spaced relationship. The spac-
ing 75 extends over the recess 30. The third holder part
63 abuts, but does not overlap, the first and second holder
parts 61, 62.
[0081] As shown in Figure 6, the lower cover 21 with
stringers 24 attached are brought towards the ribs 20.
The stringers 24 are aligned with the corresponding re-
cesses 30 in the rib 20. The free end 27a of the stringer
web 27 is received in the recess 30. As the stringer web
27 is moved into the recess 30, the free end 27a of the
stringer web 27 contacts the tool 50. The free end 27a
abuts the first and second holder parts 61, 62. Depending
on the alignment of the stringer 24 with the recess 30,
the free end 27a may contact one holder part before the
other. The first and second holder parts 61, 62 are urged
to distend outwardly. The biasing arrangement 70 biases
the first and second holder parts 61, 62, and the held
seal plates 41, 42 towards and against the side surfaces
35 of the stringer web 27. The locating tabs 69 act as
guides to guide positioning of the stringer 27 and holder
parts 61, 62. The locating tabs 69 also act as cam sur-
faces to cause the lower ends of the first and second

holder parts 61, 62 to pivot outwardly. As such, the free
end 27a of the stringer web 27 is received by the holder
60 as the rib 20 and lower cover 21b are brought together.
[0082] As shown in Figure 7, the rib 20 and lower cover
21b are moved into an assembled position. In this as-
sembled position, the first and second holder parts 61,
62, and therefore the first and second seal plates 41, 42,
are biased into the aligned position with the stringer web
27. The third holder part 63 is brought into contact with
the free end 27a of the stringer web 27 in the assembled
position, and is biased thereagainst. As such, the aligning
edges 68 align the holder parts 61, 62, 63 with the stringer
web 27 such that the abutment edge 47 of each of the
first seal plates 41, 42, 43 is aligned with, and abuts, the
stringer web 27 in the aligned position. In such a position,
the gap 36 between the rib 20 and stringer is covered by
the seal plates 41, 42, 43.
[0083] As shown in Figure 8, the fixing arrangement
80 is operated. The actuators 81, 82, 83 are wirelessly
actuated to fix the seal plates 41, 42, 43 in the aligned
position. The actuators 81, 82, 83 act on the holder 60
to urge the holder parts 61, 62, 63 against the rib web
29. The seal plates 41, 42, 43 are therefore clamped
between the tool 50 and the rib 20.
[0084] With the above configuration it is possible to
locate and fix the seal plates in position without having
access to the fuel tank 22.
[0085] As shown in Figure 9, the lower cover 21b is
removed from the rib 20. The actuators 81, 82, 83 retain
the holder 60 in the aligned position corresponding to the
shape of the stringer web 27. The actuators 81, 82, 83
act against the biasing arrangement 70 to prevent the
biasing arrangement 70 moving the holder 60. The string-
er web 27 is withdrawn from the spacing 75 between the
holder parts 61, 62, 63.
[0086] In Figure 10, the rib 20 and tool 50 are shown
with the lower cover 21b and stringer 24 removed. With
the lower cover removed, the tool 50 is accessible. The
holder 60 and therefore seal plates 41, 42, 43 are retained
in the aligned position, with the spacing 75 corresponding
accurately to the shape and dimensions of the stringer
web 27. The template holes 91 of the templating arrange-
ment 90 are disposed accurately for forming the corre-
sponding fastening holes 92 and attachment holes 93 in
both the seal plates 41, 42, 43 and the rib web 29. As
such, the fastening holes 92 and attachment holes 93
may be easily and accurately formed. The templating ar-
rangement 90 provides for marking the location of the
seal member arrangement on the rib 20 in the aligned
position. As such, templating guide holes may be formed
to mark the necessary location.
[0087] The tool 50 may then be removed. In Figure 11,
the rib 20 is shown with the attachment holes 93 formed
in the face 23 in accurate positions for aligning the seal
plates 41, 42, 43 over the edges 31, 32, 33 of the recess
30 to cover the gap 36.
[0088] The seal plates 41, 42, 43 with the formed fas-
tening holes are removed from the tool 50. In Figure 12,
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the seal plates 41, 42, 43 are fastened to the rib 20 with
the fasteners 44. The seal plates are able to be correctly
and accurately aligned and mounted to the rib 20 without
the cover 21 being in the assembled position. As such,
ease of access is maximised. Upon affixing the seal
plates 41, 42, 43, curable sealant (not shown) is applied
to the peripheral edges of each of the seal plates 41, 42,
43. A channel (not shown) may extend along the abut-
ment edge 47 or the side surfaces 35 of the stringer web
27 to receive sealant. The fasteners 44 may be easily
tightened to the correct torque with ease of access.
[0089] Once assembled, the seal plates 41, 42, 43 are
in their aligned position. As shown in Figure 13, the lower
cover 21b may be brought back towards the assembled
position with the rib 20. As the correct positioning of each
of the seal plates 41, 42, 43 relative to the stiffener 24
has already been determined, the seal plates 41, 42, 43
correctly locate against the stiffener web 27 to cover the
gap 36. The sealant (not shown) applied to the seal plates
41, 42, 43 and/or stiffener web 27 prior to reassembling
the lower cover 21b and rib 20 will fill any residual gaps
between the seal plates 41, 42, 43 and other compo-
nents.
[0090] The lower cover 21b and rib 20 is shown fully
assembled in Figure 14. The lower cover 21b is fastened
to the rib 20. The gap 36 between the stiffener 27 and
rib 20 is fluidly sealed (although the sealant is omitted
for clarity).
[0091] Figure 15 shows an embodiment in which a cov-
er panel 100 is applied to the stringer web 27 of the string-
er 24 in the region of the stringer 24 to be received in the
cut-out 30. The cover panel 100 is a strip of material
extending over the free end 27a of the stringer web 27.
The thickness of the cover panel 100 is exaggerated in
Figure 15 to emphasise the arrangement. The cover pan-
el 100 is U-shaped. The cover panel 100 may be formed
from a deformable material. With the cover panel 100 it
is possible to aid protection of the stringer web 27 as it
is inserted into the cut-out 30. The cover panel 100 is
usable with the tool 50 described above, or may be used
without the tool 50.
[0092] Although reference to the aircraft assembly,
ribs, covers and stringers are described herein with ref-
erence to the wing box 18, it will be understood that in
embodiments such an aircraft assembly relates to anoth-
er aircraft assembly, for example part of the fuselage,
another wing assembly or horizontal/vertical stabilisers.
The method and tool described herein may also be ap-
plied to such an aircraft assembly.
[0093] Although the invention has been described
above with reference to one or more preferred embodi-
ments, it will be appreciated that various changes or mod-
ifications may be made without departing from the scope
of the invention as defined in the appended claims.

Claims

1. A tool (50) for locating a seal member arrangement
(40) over a stringer-receiving recess (75) in a rib of
an aircraft assembly, the tool comprising:

a holder (60) configured to hold the seal member
arrangement (40) over the recess (75),
a biasing arrangement (70) configured to act on
the holder to bias the seal member arrangement
(40) into an aligned position with a stringer re-
ceived in the recess, and
a fixing arrangement (80) configured to act on
the seal member arrangement to fix the seal
member arrangement in the aligned position.

2. The tool (50) of claim 1, comprising a mount (54)
configured to mount the seal member arrangement
(40) to the rib (20).

3. The tool (50) of claim 1 or 2, wherein the holder (60)
is configured to align an abutment edge (47) of the
seal member arrangement (40) with an adjacent sur-
face of the stringer (24) received in the recess (75)
in the aligned position.

4. The tool (50) of any preceding claim, wherein the
seal member arrangement (40) comprises a seal
plate (41-43), and the holder (60) is configured to
receive the seal plate.

5. The tool (50) of any of claim 4, wherein the seal plate
is a first seal plate (41), and the holder (60) comprises
a first holder part (61) configured to hold the first seal
plate, and the tool comprises a second holder part
(62) configured to hold a second seal plate (42),
wherein the biasing arrangement (70) is configured
to bias the first holder part and the second holder
part in different directions.

6. The tool (50) of claim 5, wherein the first and second
holder (61,62) parts are movable between a neutral
position in which a spacing between the first and
second seal plates (41, 42) held by the first and sec-
ond holder parts is less than a thickness of a web of
the stringer (27) configured to be received between
the holders, and the aligned position in which the
spacing between the first and second seal plates
held by the first and second holder parts corresponds
to the thickness of the web of the stringer (27).

7. The tool (50) of claim 5 or 6, further comprising a
third holder part (63) configured to hold a third seal
plate (43) wherein the biasing arrangement (70) is
configured to bias the third holder part in different
directions to the first holder part (61) and the second
holder (62) part.

13 14 



EP 3 483 073 B1

9

5

10

15

20

25

30

35

40

45

50

55

8. The tool (50) of any preceding claim, wherein the
biasing arrangement (70) is configured to allow the
seal member (41, 42, 43) to pivot.

9. The tool (50) of any preceding claim, wherein the
fixing arrangement (80) is configured to urge the seal
member arrangement (40) against the rib (20) when
the seal member arrangement is located over the
recess (75).

10. A sealing kit for sealing a stringer-receiving recess
(75) in a rib (20) of an aircraft assembly, comprising
the tool (50) of any preceding claim and at least one
seal member (41, 42, 43).

11. A method of fixing a seal member arrangement (40)
over a stringer-receiving recess (75) in a rib of an
aircraft, using the tool of any of claims 1 to 9, the
method comprising:

positioning the holder (60) of the tool (50) to hold
a seal member arrangement at least partially
over the recess (75),
biasing with the biasing arrangement (70) of the
tool (50) the seal member arrangement into an
aligned position with a stringer (24) received in
the recess (75),
fixing with the fixing arrangement (80) of the tool
(50) the seal member arrangement in the
aligned position;
removing the stringer from the recess; and
fastening the seal member arrangement to the
rib in the aligned position.

12. The method of claim 11, comprising marking the lo-
cation of the seal member arrangement (40) on the
rib (20) in the aligned position, and removing the tool
(50) prior to fastening the seal member arrangement
in the aligned position.

13. An aircraft assembly comprising:

a rib (20) having at least two rib feet (28) con-
figured to join a bottom edge of the rib to another
component, and a recess between the rib feet
(30);
a stringer (24) received in and extending through
the recess; a seal member arrangement (40)
comprising
a first seal plate (41) extending at least partially
over the recess from a first edge of the recess
(31);
a second seal plate (42) extending at least par-
tially over the recess from a second edge of the
recess (32); and
characterised in that the seal member ar-
rangement (40) further comprises a third seal
plate (43) extending at least partially over the

recess from a third edge of the recess (33),
wherein the first, second and third seal plates
do not overlap and are fixed over the recess of
the rib (20) by performing the steps of the meth-
od of claims 11 or 12.

Patentansprüche

1. Werkzeug (50) zum Ansetzen einer Dichtungsele-
mentanordnung (40) über einer einen Stringer auf-
nehmenden Vertiefung (75) in einem Spant einer
Flugzeugbaugruppe, wobei das Werkzeug umfasst:

eine Halterung (60), die dazu beschaffen ist, die
Dichtungselementanordnung (40) über der Ver-
tiefung (75) zu halten,
eine Vorspannanordnung (70), die dazu be-
schaffen ist, an der Halterung zu wirken, um die
Dichtungselementanordnung (40) in eine mit ei-
nem in der Vertiefung aufgenommenen Stringer
ausgerichteten Position vorzuspannen und
eine Fixieranordnung (80), die dazu beschaffen
ist, an der Dichtungselementanordnung zu wir-
ken, um die Dichtungselementanordnung in der
ausgerichteten Position zu fixieren.

2. Werkzeug (50) nach Anspruch 1, umfassend eine
Befestigung (54), die dazu beschaffen ist, die Dich-
tungselementanordnung (40) am Spant (20) zu be-
festigen.

3. Werkzeug (50) nach Anspruch 1 oder 2, wobei die
Halterung (60) dazu beschaffen ist, eine Stoßkante
(47) der Dichtungselementanordnung (40) mit einer
benachbarten Fläche des in der Vertiefung (75) auf-
genommenen Stringers (24) in der ausgerichteten
Position auszurichten.

4. Werkzeug (50) nach einem der vorherigen Ansprü-
che, wobei die Dichtungselementanordnung (40) ei-
ne Dichtungsplatte (41-43) umfasst und die Halte-
rung (60) dazu beschaffen ist, die Dichtungsplatte
aufzunehmen.

5. Werkzeug (50) nach Anspruch 4, wobei die Dich-
tungsplatte eine erste Dichtungsplatte (41) ist und
die Halterung (60) ein erstes Halterungsteil (61) um-
fasst, das dazu beschaffen ist, die erste Dichtungs-
platte zu halten, und das Werkzeug ein zweites Hal-
terungsteil (62) umfasst, das dazu beschaffen ist,
eine zweite Dichtungsplatte (42) zu halten, wobei die
Vorspannanordnung (70) dazu beschaffen ist, das
erste Halterungsteil und das zweite Halterungsteil in
unterschiedlichen Richtungen vorzuspannen.

6. Werkzeug (50) nach Anspruch 5, wobei das erste
und das zweite Halterungsteil (61, 62) zwischen ei-
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ner neutralen Position, in der ein vom ersten und
zweiten Halterungsteil gehaltener Zwischenraum
zwischen der ersten und der zweiten Dichtungsplat-
te (41, 42) kleiner ist als eine Dicke eines Stegs des
Stringers (27), der dazu beschaffen ist, zwischen
den Halterungen aufgenommen zu werden, und der
ausgerichteten Position beweglich ist, in der der
durch das erste und das zweite Halteteil gehaltene
Zwischenraum zwischen der ersten und der zweiten
Dichtungsplatte der Dicke des Stegs des Stringers
(27) entspricht.

7. Werkzeug (50) nach Anspruch 5 oder 6, ferner um-
fassend ein drittes Halterungsteil (63), das dazu be-
schaffen ist, eine dritte Dichtungsplatte (43) zu hal-
ten, wobei die Vorspannanordnung (70) dazu be-
schaffen ist, das dritte Halterungsteil in unterschied-
lichen Richtungen zum ersten Halterungsteil (61)
und zum zweiten Halterungsteil (62) vorzuspannen.

8. Werkzeug (50) nach einem der vorherigen Ansprü-
che, wobei die Vorspannanordnung (70) dazu be-
schaffen ist, dem Dichtungselement (41, 42, 43) zu
ermöglichen, zu schwenken.

9. Werkzeug (50) nach einem der vorherigen Ansprü-
che, wobei die Fixieranordnung (80) dazu beschaf-
fen ist, die Dichtungselementanordnung (40) gegen
den Spant (20) zu drängen, wenn die Dichtungsele-
mentanordnung über der Vertiefung (75) angeordnet
ist.

10. Dichtungssatz zum Abdichten einer einen Stringer
aufnehmenden Vertiefung (75) in einem Spant (20)
einer Flugzeugbaugruppe, umfassend das Werk-
zeug (50) nach einem der vorherigen Ansprüche und
wenigstens ein Dichtungselement (41, 42, 43).

11. Verfahren zum Fixieren einer Dichtungselementan-
ordnung (40) über einer einen Stringer aufnehmen-
den Vertiefung (75) in einem Spant eines Flugzeugs
unter Verwendung des Werkzeugs (50) nach einem
der Ansprüche 1 bis 9, wobei das Verfahren umfasst:

Positionieren der Halterung (60) des Werkzeugs
(50) zum Halten einer Dichtungselementanord-
nung wenigstens teilweise über der Vertiefung
(75),
Vorspannen der Dichtungselementanordnung
mit der Vorspannanordnung (70) des Werk-
zeugs (50) in einer ausgerichteten Position mit
dem in der Vertiefung (75) aufgenommenen
Stringer (24),
Fixieren der Dichtungselementanordnung mit
der Fixieranordnung (80) des Werkzeugs (50)
in der ausgerichteten Position,
Entfernen des Stringers aus der Vertiefung und
Befestigen der Dichtungselementanordnung

am Spant in der ausgerichteten Position.

12. Verfahren nach Anspruch 11, umfassend das Mar-
kieren der Lage der Dichtungselementanordnung
(40) am Spant (20) in der ausgerichteten Position
und Entfernen des Werkzeugs (50) vor dem Befes-
tigen der Dichtungselementanordnung in der ausge-
richteten Position.

13. Flugzeugbaugruppe, umfassend:

einen Spant (20) mit wenigstens zwei Spantfü-
ßen (28), die dazu beschaffen sind,
eine Unterkante des Spants mit einer anderen
Komponente zu verbinden, und
einer Vertiefung (30) zwischen den Spantfüßen,
einem Stringer (24), der in der Vertiefung auf-
genommen ist und sich durch sie hindurch er-
streckt,
eine Dichtungselementanordnung (40), umfas-
send:

eine erste Dichtungsplatte (41), die sich von
einer ersten Kante (31) der Vertiefung we-
nigstens teilweise über die Vertiefung er-
streckt,
eine zweite Dichtungsplatte (42), die sich
von einer zweiten Kante (32) der Vertiefung
wenigstens teilweise über die Vertiefung er-
streckt,
und dadurch gekennzeichnet, dass die
Dichtungselementanordnung (40) ferner ei-
ne dritte Dichtungsplatte (43) umfasst, die
sich von einer dritten Kante (33) der Vertie-
fung wenigstens teilweise über die Vertie-
fung erstreckt, wobei sich die erste, die
zweite und die dritte Dichtungsplatte nicht
überlappen und sie durch Ausführen der
Schritte des Verfahrens der Ansprüche 11
oder 12 über der Vertiefung des Spants (20)
fixiert sind.

Revendications

1. Outil (50) servant à localiser un agencement d’élé-
ment d’étanchéité (40) au-dessus d’une cavité de
réception de lisse dans une nervure (75) d’un en-
semble aéronef, l’outil comprenant :

un support (60) configuré pour maintenir l’agen-
cement d’élément d’étanchéité (40) au-dessus
de la cavité (75),
un dispositif de sollicitation (70) configuré pour
agir sur le support afin de solliciter l’agencement
d’élément d’étanchéité (40) de manière à ce qu’il
adopte une position alignée avec une lisse reçue
dans la cavité, et
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un système de fixation (80) configuré pour agir
sur l’agencement d’élément d’étanchéité afin de
fixer l’agencement d’élément d’étanchéité en
position alignée.

2. Outil (50) suivant la revendication 1, l’outil compre-
nant un dispositif de montage (54) configuré pour
monter l’agencement d’élément d’étanchéité (40)
sur la nervure (20).

3. Outil (50) suivant la revendication 1 ou 2, dans lequel
le support (60) est configuré pour aligner un bord de
butée (47) de l’agencement d’élément d’étanchéité
(40) avec une surface adjacente de la lisse (24) re-
çue dans la cavité (75) en position alignée.

4. Outil (50) suivant une des revendications précéden-
tes, dans lequel l’agencement d’élément d’étanchéi-
té (40) comprend une plaque d’étanchéité (41-43),
et le support (60) est configuré pour recevoir la pla-
que d’étanchéité.

5. Outil (50) suivant la revendication 4, dans lequel la
plaque d’étanchéité est une première plaque d’étan-
chéité (41) et le support (60) comprend une première
partie de support (61) configurée pour maintenir la
première plaque d’étanchéité, et l’outil comprend
une seconde partie de support (62) configurée pour
maintenir une seconde plaque d’étanchéité (42), le
dispositif de sollicitation (70) étant configuré pour
solliciter les première et seconde parties de support
dans des directions différentes.

6. Outil (50) suivant la revendication 5, dans lequel les
première et seconde parties de support (61, 62) sont
mobiles entre une position neutre, dans laquelle un
espacement entre les première et seconde plaques
d’étanchéité (41, 42) maintenues par les première
et seconde parties de support est inférieur à une
épaisseur d’une âme de la lisse (27) configurée pour
être reçue entre les supports, et la position alignée,
dans laquelle l’espacement entre les première et se-
conde plaques d’étanchéité maintenues par les pre-
mière et seconde parties de support correspond à
une épaisseur de l’âme de la lisse (27).

7. Outil (50) suivant la revendication 5 ou 6 comprenant
en plus une troisième partie de support (63) confi-
gurée pour maintenir une troisième plaque d’étan-
chéité (43), le dispositif de sollicitation (70) étant con-
figuré pour solliciter la troisième partie de support
(43) dans différentes directions envers la première
partie de support (61) et la seconde partie de support
(62).

8. Outil (50) suivant une des revendications précéden-
tes, dans lequel le dispositif de sollicitation (70) est
configuré pour permettre à l’élément d’étanchéité

(41, 42, 43) de pivoter.

9. Outil (50) suivant une des revendications précéden-
tes, dans lequel le système de fixation (80) est con-
figuré pour pousser l’élément d’étanchéité (40) con-
tre la nervure (20) lorsque l’agencement d’élément
d’étanchéité est situé au-dessus de la cavité (75).

10. Kit d’étanchéité servant à rendre étanche une cavité
de réception de lisse (40) dans une nervure (20) d’un
ensemble aéronef, comprenant l’outil (50) suivant
une des revendications précédentes et au moins un
élément d’étanchéité (41, 42, 43).

11. Procédé de fixation d’un agencement d’élément
d’étanchéité (40) au-dessus d’une cavité de récep-
tion de lisse (75) dans une nervure d’aéronef en uti-
lisant l’outil suivant une des revendications 1 à 9, le
procédé comprenant :

le positionnement du support (60) de l’outil (50)
pour maintenir un agencement d’élément
d’étanchéité au moins partiellement au-dessus
de la cavité (75),
la sollicitation au moyen du dispositif de sollici-
tation (70) de l’outil (50) de l’agencement d’élé-
ment d’étanchéité dans une position alignée
avec une lisse (24) reçue dans la cavité,
la fixation au moyen du système de fixation (80)
de l’outil (50) de l’agencement d’élément d’étan-
chéité dans la position alignée,
le retrait de la lisse de la cavité, et
le montage de l’agencement d’élément d’étan-
chéité sur la nervure en position alignée.

12. Procédé suivant la revendication 11, comprenant le
marquage de l’emplacement de l’agencement d’élé-
ment d’étanchéité (40) sur la nervure (20) en position
alignée, et le retrait de l’outil (50) préalablement au
montage de l’agencement d’élément d’étanchéité en
position alignée.

13. Ensemble aéronef comprenant :

une nervure (20) ayant au moins deux pieds de
nervure (28) configurés pour réunir un bord in-
férieur de la nervure et un autre composant, et
un évidement entre les pieds de nervure (30),
une lisse (24) reçue dans et s’étendant à travers
la cavité, un agencement d’élément d’étanchéi-
té (40) comprenant
une première plaque d’étanchéité s’étendant au
moins partiellement au-dessus de la cavité de-
puis un premier bord de la cavité (31),
une seconde plaque d’étanchéité (42) s’éten-
dant au moins partiellement au-dessus de la ca-
vité depuis un second bord de la cavité (32), et
caractérisé en ce que l’agencement d’élément
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d’étanchéité (40) comprend en plus une troisiè-
me plaque d’étanchéité (43) qui s’étend au
moins partiellement au-dessus de la cavité de-
puis un troisième bord de la cavité (33), les pre-
mière, seconde et troisième plaques d’étanchéi-
té ne se chevauchent pas et sont fixées au-des-
sus de la cavité de la nervure (20) en exécutant
les étapes du procédé suivant les revendica-
tions 11 ou 12.
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