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This invention relates to a method of preparing a part

particularly to a method thsa

for assembly to

form an ailircra:

l—

)

at

component and more

e

t i1nvolves the use of shims.

The invention also relates to an aircraft component

assembled by such a method.

The assembly of

larger components, presents various challenges. In

Background Art

alrcraj

't components, and especially

particular the assembly may have to be carried out to very

narrow tolerances but also at reasonable speed and as

economlically as possible.

arise 1s in the assembly o:
a wing-

wing skin 1s manu:

P

box of an aircraft.

An example where such issues

T a wing skin to rib feet to form

In a conventional process, the

factured 1n a desired shape and is then

brought 1nto position against the sub components (rib and

spars,

wing-box to which the wing skin is to be secured. That

p——

for example) of the underlying structure of the

underlying structure has outwardly projecting rib feet on

which respective parts o:

gy

- the inner surface of the wing

skin are required to rest so that fasteners can be inserted

through the wing skin and the rib

together.

importe

- the &

nt in terms o:

The external profile o

feet to secure them

P

the wing skin is

erodynamic performance of the
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aircraft and a strong connection between the wing skin and

the rib feet is also important in terms of the structural

strength of the wing-box.

Some tolerances have to be allowed for during

5 manufacture and consequently when the wing skin 1s brought

in an unstressed state into position against the rib feet,

it is commonly found that, whilst some rib feet are in

contact with the wing skin, others are spaced from it. To

eliminate the spacings, there are two approaches that are

10 adopted. A first approach is simply to deform the wing

skin by the small amount necessary to bring the other rib

—

feet into contact with the wing skin. An approach of that

e

p—

kind, however, results in a distortion of the external

profile of the wing skin, which may adversely affect the

15 aerodynamic performance of the wing, and in the

F
p—

introduction of additional internal stresses into the wing-

g—

box, which may adversely a

‘ect the structural strength of

the wing. To avoid such problems, a second approach

involving altering the dimensions -of the underlying

20 structure or the wing skin may be adopted. There are

various ways in which that may be done, including fettling

the rib feet, adding material to the wing skin or applyilng

2 shim to the rib feet.

There are also other parts in an aircraft, especially,
25  put not exclusively, in a wing-box, where parts have to be

assembled to close tolerances and liquid or solid shims are

used.

Commonly, where a liquid shim is used, one of three
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different liquid shimming techni

first technique a solid shim of

bonded to 2

o

applied as a ligquid but cures to

the solid shim. 2A second techni

PCT/GB2006/004711

ques is employed. In a

appropriate thickness is

part and a liquid shim (a substance that 1is

a solid) 1s applied over

que uses a liquid shim only

and is used .mainly for smaller gaps. A third technique

involves first applying a liquid shim to a part and then

applying a solid shim over the 1

has been applied the parts to be

e

In order for the corr

together.

shim to be present, it 1s import

iquid shim. After the shim

joined are brought

i

ect thickness of liquid

ant that the part to which

the shim is applied is brought into position adjacent to

the part it is to be joined to b

used. That introduces an unwelc

efore the liguid shim 1is

ome time constraint, which

is particularly significant when many areas require

r—

shimming in a single assembly,

for example where a wing

skin is joined to a multiplicity of rib feet.

of preparing a first part for as

t 1s an object of the invention to provide a method

sembly to form an ailrcraft

component, in which method the problem referred to above 1s

at least mitigated.

gy

Disclosure of the Invention

According to the invention there is provided a method

of preparing a first part for as

component, by applying a shim to

first part, the method comprising the steps orI:

sembly to form an aircraft

a first surface of the

=
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pr— g
-
e

ace of the part adjacent to a

placing the first sur:

second surface of a second part,

inserting a solid shim into a gap between the first

and second surfaces and holding the shim in the inserted

position, and

subsequently introducing a liquid shim through the

first part into a region between the first part and the

sollid shim.

The method may further include the step of separating

the first and second parts with the solid shim mounted on

the first part and with the liquid shim between the solid

gr—p

shim and the first surface of the first part.

Tn the method of the i1nvention as defined above the

first part is assembled next to the second part before the

liguid shim is applied. That assembly can therefore take a

relatively long time without any risk of liquid shim curing

(since it has not at that stage been applied).

In order to introduce the ligquid shim through the

first part, it is preferred that the first part has one or

more passageways extending from the first surface through

the thickness of the first part for allowing the

introduction of the ligquid shim through the first part,

aaad

which may for example be a rib foot. The number of

passageways may be chosen to allow liquid shim to spread

p—

over the first surface of the first part to the extent

required. Usually it is desirable for the liquid shim to

form a continuous layer and often the whole reglon between

the first part and the solid shim is filled. 1In the case
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of a rib foot, for example, there may be four holes in

total, with two holes associated with each of two solid

shims on the foot.

The first part may be of metal and in that case the

5 solid shim is preferably of metal. The first part may be

of composite material and in that case the solid shim 1is

F

preferably of composite material.

The solid shim i1s preferably held in the inserted

position by temporarily fixing the solid shim to the second

10 part. In that case, the method preferably further includes

the step of subsequently detaching'the solid shim from the

second part. To fix the shim, adhesive tape, for example,

masking tape, may be placed over projecting portions of the

.

shim and secured to the second surface of the second part.

15 The shim preferably includes one or more outwardly

projecting tabs, which are preferably detachable and by

ko

which the shim is temporarily fixed to the second part. In

a case where the solid shim is of generally oval shape, two

tabs may be provided extending from opposite ends of the

20 oval. The tabs may be fixed as integral parts of the solid

shim but may be detachable for example by breaklng them

off, cutting or the like.

The liquid shim is preferably introduced by injecting

it under pressure into the passageway in the first part.

25 The liguid shim is then caused to spread out within the

region between the solid shim and the first part. Any

liguid shim that exudes from the périphery of the solid

shim can be removed.
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In principle the second part may not be the part to

which the first part is to be joined 1n the final assembly

but may just be a part that replicates precisely the shape

—

of the sur:

—
p—
—

ace adjacent to the solid shims in the final

5 assembly, but it is preferred that it is. Thus in the

p—

embodiment where the first and second parts are separated

—

following the liguid shim introduction, there 1s preferably

an additional step of joining the first part with the shim

to the second part. A further liquid shim may be provided

10 between the solid shim and the second part when the parts

are subsequently Joined.

The first part may have a multiplicity of

surfaces to each of which a respective shim 1is

gt

first

applied by a

method as defined above. The first part may for example

.

15 include a plurality of rib feet.

The invention 1s especially relevant to the assembly

of a wing—box.

—

According to another aspect of the invention, there 1s

p—

provided a method of preparing a first part for assembly to

20 form an aircraft component, by applying a shim to a first

g——

surface of the first part, the method comprising the

F
ad

sequential steps of:

placing a solid shim adjacent to the first surface of

the first part,

‘)

25 introducing a liquid shim into a region between the

first surface of the first part and the solid shim, and

assembling the first part to a further part, with the

F
——

solid shim mounted over the first surface of the figst
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part, with the liquid shim between the solid shim and the

first surface of the first part, and with the solid shim

adjacent to the further part.

The invention also provides a method of assembling

5 parts to form an aircraft component, the method including a

method of preparing a first part for assembly as defined

above.

The present invention further provides an ailrcraft

component including a first part having a first surface, a

10 solid shim mounted over the first surface, cured liquid

shim between the solid shim and the first surface, the

cured ligquid shim also being present 1in one or more

passageways extending from the first surface of the first

part through the first part.

15 Also the present invention provides an aircraft

component that has been assembled by a method as defined

above.

—

Brief Description of the Drawilngs

()

-0 By way of example, certain embodiments of the
invention will now be described with reference to the
accompanying drawings, of which:

Fig. 1 is a plan view of a solid shim for use in

25 assembling two parts according to a first

pr—

embodiment of the invention;

Fig. 2 is a plan view of a rib foot on which two solid

g

shims of Fig. 1 are to be mounted;
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3

3A 1s a schematilic sectional side view of a rib

3B

3C

W
=]

4 is a plan view O:

Description of

el

oot,

is a schematic sectional side view of the part

of the rib

positioned

rib foot,

foot shown in Flg. 3A, with a cover

adjacent to, but spaced from, the

pr—

18 a schematic sectional side view of the

assembly shown 1n Fig. 3B with a solid shim

inserted into the gap between the cover and

the rib foot,

18 a schematic sectional side view of the

assembly shown in Fig. 3C with liquid shim

material injected between the solid shim and

the rib foot according to the first embodiment

of the invention,

18 a schematic sectilional side view of the

assembly shown i1n Fig. 3D with the cover

removed, and

attachment

applied according to a second embodiment of

p—
p—
_—

a forward flap track

to which ligquid and solid shim is

¥

the invention.

Embodiments of the Invention

-

The solid shim 1 shown in Fig. 1 1s of a shape

suitable

for application to one end of a rib foot. In the

particular example described it is made of glass fibre and
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has two tabs 2 each 30 mm long and 5 mm wide with a

narrowed portion 3 where they join the main part of the

P

shim. The shim of this particular example is of generally

‘)

oval shape with the tabs 2 connected at opposite ends o:

o the oval.

F

Fig. 2 shows the shape of the end face of a rib

foot 4. The foot 4 is to receive two shims 1, one over

ﬁ

each of the shaded areas. The crosses in Fig. 2 mark the

—
p—

positions of

four passageways 5 through the foot 4 (see

10  Fig. 3A).

The way in which the foot 4 is prepared for assembly

will now be described with reference to Figs. 3A to 3E.

Referring first to Fig. 3A, this is a sectional view

of the rib foot 4 along the lines A-A in Fig. 2 and

g

15> therefore intersecting two of the passageways 5. This

drawlng shows the rib foot at the beginning of the

procedure.

A cover 6, which in this example is a wing skin, is

brought into position adjacent to, but spaced from, the rib

20  foot, with jigs (not shown) holding the parts in the

poslitions that are required to be the final positions.

In

p—

FFigs. 3A to 3E, the spacing of the parts 1s exaggerated for

.

ease of 1llustration.

With the parts held by the jigs in their required

2> position, two solid shims 1 (one of which is visible in

Fig. 3C) are inserted between the rib foot 4 and the wing

skin 6, as shown in Fig. 3C. Two shims 1 are received on

each rib foot 4 with each shim overlying one of the areas
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shaded in Fig. 2. It will be understood that although only

r—
it

one rib foot is shown in the drawings a typical rib of an

e

aircraft wing-box includes a multiplicity of rib feet.

According to the exemplary embodiment described

herein, the shims 1 are temporarily fixed to the wing

skin 6 by masking tape (not shown) which 1s placed over the

tabs 2 and releasably fixed to the wing skin 6.

Once the shims have been temporarily fixed in

position, a liquid shim 7 is injected through each of the

passageways 5. That injection presses the solid shim 1

p—

hard against the wing skin 6 and creates a layer of liquid

shim between the rib foot 4 and the solid shim 1. The

liguid shim spreads out radially from the passageways 5 and

injection of the liquid shim is continued until all of the

y—

areas shaded in Fig. 2 are full of liquid shim. Any

g
_—

surplus ligquid shim that exudes outwardly of the solid

shim 1 is removed with a spatula. The passageways 5 remaln

—

full of liguid shim. This stage of the procedure 1s

illustrated in Fig. 3D. Thus, the liquid shim assumes a

B

thickness which is optimised for the precise location of

the wing skin in relation to the rib feet.

—
p—

According to the presently described embodiment of the

invention, when the layer of ligquid shim 7 has cured, the

wing skin 6 is separated from the rib feet 4 carrying the

solid shims i. During that removal the adhesive tape

becomes detached from either the wing skin 6 or the tabs 2

and can be removed entirely. The tabs 2 are then removed

with a pair of end cutting snips leaving the rib foot 4 in



10

15

20

29

CA 02631707 2008-05-30
WO 2007/068949 PCT/GB2006/004711

- 17 -

L]

the state shown in Fig. 3E. The foot can then be inspected

to ensure that the solid shims 1 are correctly applied and

that the liquid shim 7 fills the region between the foot 4

and the solid shims 1 in the shaded areas shown in Fig. 2.

Thereafter when the rib foot 4 is finally assembled to

the wing skin 6, a precise fit is ensured between the

shims 1 and the wing skin 6.

L]

In Figs. 3A to 3.

, for ease of illustration no

variation is shown in the spacing of the rib foot and the

cover, and all the surfaces are shown as flat, but it will

be understood that commonly there will be small variations

which are accommodated by a variation in the thickness of

ga——

each shim 1 and/or by a variation in the thickness of the

pr—

laver of liquid shim 7.

o=

Typically the thickness of the solid shim 1 and the

F

thickness of the layver of liquid shim 7 are each in the

]

range of 0.3 to 1.0 mm.

—

Whilst one particular example of a solid shim has been

described, it will be understood that the invention may be

_

used with many other shapes of shim according to the

particular application. For example, Fig. 4 shows a

forward flap track attachment 10 which has eight through

passageways marked by crosses so that liquid shim 1S

provided over all but a central unshaded region 11.

Furthermore, while the solid shim"according to the

presently described example 1is constructed from glass

fibre, it is to be understood that other shim materials may

be suitable and will generally depend on the application
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....12_.

and the materials from which the first and second parts are

fabricated.

Whilst the present invention has been described

and illustrated with reference to particular embodiments,

it will be appreciated by those of ordinary skill in the

F

art that the invention lends itself to many different

variations not specifically illustrated herein. Where in

the foregoing description, integers or elements are

mentioned which have known, obvious or foreseeable

equivalents, then such equivalents are herein incorporated

as 1f individually set forth. Reference should be made to

gy~

the claims for determining the true scope of the present

invention, which should be construed so as to encompass any

such equivalents. It will also be appreciated by the

reader that integers or features of the 1nvention that are

described as preferable, advantageous, convenient or the

like are optional and do not limit the scope of the

independent claims.
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Claims:

1. A method of preparing a first part for assembly to

form an aircraft component, by applying a shim to a first

5 surface of the first part, the method comprising the steps

R

OL:

placing the first surface of the part adjacent to a

r

second surface of a second part,

inserting a solid shim into a gap between the first
10 and second surfaces and holding the shim to the second part
in the inserted position, and

subsequently i1ntroducing a liguid shim through the

first part i1nto a region between the first part and the

solid shim.

15

2 . A method as claimed 1n claim 1 comprising the further

step of separating the first and second parts with the

solid shim mounted on the first part and with the liguid

shim between the solid shim and the first surface of the

20 first part.

3. A method according to claim 1 or 2, in which the first

part has one or more passageways extending from the first

surface through the thickness of the first part for
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allowing the introduction of the liguid shim through the

first part.

4 . A method according to any one of claims 1 to 3, in

5 which the solid shim 1s held i1n the inserted position by

temporarily fixing the solid shim to the second part.

5. A method according to claim 4, in which adhesive tape

1s placed over projecting portions of the shim and secured

g

10 to the second surface of the second part.

6 . A method according to claim 4 or 5, in which the solid

shim 1ncludes one or more outwardly projecting detachable
tabs by which the solid shim may be temporarily fixed to

15 the second part.

7. A method according to any one of claims 1 to 6, in
which the liguid shim is introduced by injecting it under
pressure into the first part.

20

8 . A method according to any one of claims 1 to 7,

including subsequently joining the first part with the shim

to the second part.
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9. A method according to claim 8, 1n which a further
liguid shim 1s provided between the solid shim and the

second part where the parts are subsequently joined.

10. A method according to any one of claims 1 to 9, in
which the first part has a multiplicity of first surfaces
to each of which a respective shim 1s applied by a method

F

according to any one of claims 1 to 9.

11. A method according to any one of claims 1 to 10, in

which the first part includes one or more rib feet.

12. A method according to any one of claims 1 to 11, in

which the aircraft component is a wing-box.

13. A method of preparing a first part for assembly to

form an aircraft component, by applying a shim to a first

surtace of the first part, the method comprising the

P

sequential steps of:

placing a solid shim adjacent to the first surface of

e,

the first part,

introducing a liguid shim only into a region between

the first surface of the first part and the solid shim such
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[

that the opposing surface of the solid shim remains

substantially free of liguid shim, and

assembling the first part to a further part, with the

14, An ailrcra:

first surface,

solid shim mounted over the first surface of the first

part, with the ligquid shim only between the solid shim and

first surface of the first part, and with the solid

shim adjacent to the further part.

Tt component including a first part having a

a solid shim mounted over the first surface,

cured liguid shim between the lower surface of the solid

shim and the first surface, the cured ligquid shim also

being present 1n one or more passageways extending from the

first surface

of the

o

face ot

the upper sur:

first part through the first part, and

the solid shim being substantially

free of cured liguid shim.

15. An aircraft component that has been assembled by a

method according to any one of claims 1 to 13.
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Fig.1.
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Fig.3A.

Fig.3B.

Fig.3C.

F1g.3D.

Fig.3E.
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