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(54) A JOINT FOR SHEET MATERIAL AND A METHOD OF

JOINING SHEET MATERIAL

(57)Jomnt servant a réunir une premiere feuille
metallique (10) a une deuxieme feuille metallique (30) et
comprenant une pluralit¢ de saillies (18) situces sur le
bord (12) de la premicre feuille metallique (10). Ces
saillies (18) sont symetriques autour d'un plan s'¢tendant
perpendiculairement par rapport au plan de la premiere
feuille metallique (10). Ces saillies symeétriques (18)
peuvent tourner autour d'un axe (X) situ€ dans le plan de
la premicre feuille metallique (10) et dans le plan
s'‘etendant perpendiculairement a la premicre feuille
metallique (10). Une pluralite de fentes (32) traverse la
deuxieme feuille metallique (30). On passe les saillies
symetriques (18) a travers les fentes (32) de la deuxieme
fewlle mctallique (30) et on tourne ces saillies
symetriques (18), de facon a les placer dans le plan
perpendiculaire au plan de la premicre feuille metallique
(10) afin d'agrafer la deuxicme feuille métallique (30)
entre le bord (12) de la premiere feuille metallique (10)
et les saillies symeétriques (18).
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(57) A jomnt for joming a first metal sheet (10) to a
second metal sheet (30) comprises a plurality of
projections (18) on the edge (12) of the first metal sheet
(10). The projections (18) are symmetrical about a plane
extending perpendicularly to the plane of the first metal
sheet (10). The symmetrical projections (18) are
rotatable about an axis (X), the axis (X) 1s arranged 1n the
plane of the first metal sheet (10) and 1 the plane
extending perpendicularly to the first metal sheet (10). A
plurality of slots (32) are provided through the second
metal sheet (30). The symmetrical projections (18)
extend through the slots (32) i the second metal sheet
(30) and the symmetrical projections (18) are rotated
such that the symmetrical projections (18) are arranged
in the plane perpendicular to the plane of the first metal
sheet (10) to clamp the second metal sheet (30) between

the edge (12) of the first metal sheet (10) and
symmetrical projections (18).
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(§87) Abstract

A joint for joining a first metal sheet (10) to a
second metal sheet (30) comprises a plurality of projections
(18) on the edge (12) of the first metal sheet (10). The
projections (18) are symmetrical about a plane extending
perpendicularly to the plane of the first metal sheet (10).
The symmetrical projections (18) are rotatable about an axis
(X), the axis (X) is arranged in the plane of the first metal
sheet (10) and in the plane extending perpendicularly to the
first metal sheet (10). A plurality of slots (32) are provided
through the second metal sheet (30). The symmetrical
projections (18) extend through the slots (32) in the second
metal sheet (30) and the symmetrical projections (18)
are rotated such that the symmetrical projections (18) are
arranged in the plane perpendicular to the plane of the
first metal sheet (10) to clamp the second metal sheet (30)
between the edge (12) of the first metal sheet (10) and
symmetrical projections (18).
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A JOINT FOR SHEET MATERIAL AND A METHOD OF JOINING SHEET
| MATERIAL

The present 1invention relates to joints for sheet
material and to methods of joining sheet material, and in
particular to joints for sheet metal and to method of joining
sheet metal. '

It is known to join sheet metal components by welding an
edge of one sheet metal component to the face of an adjacent
sheet metal component, or by firstly bending over the end of
one sheet metal component and welding the face of the bent
over end of the first sheet metal component to the face of an
adjacent sheet metal component. It is known that other types
of bonding may be used for example brazing, soldering or
adhesive.

It 1s also known to join sheet metal components by
firstly bending over the end of one sheet metal component and
riveting the face of the bent over end of the first sheet
metal component to the face of an adjacent sheet metal
component. It 1s also known that other types of mechanical
attachment may be used for example nuts and bolts.

It 1s further known to join sheet metal components by
firstly providing one or more projections from the edge of
one of the sheet metal components, providing a corresponding
number of slots through the adjacent sheet metal component
and passing the projections on the first sheet metal
component through the slots in the adjacent sheet metal
component. It is known that the projections are then either
bent over to abut the opposite face of the adjacent sheet
metal component or the projections are twisted to prevent the
projection withdrawing from the slot.

A problem with the welded, brazed or soldered joint is
thrat these are hot Jjoining processes which may require

subsequent costly heat treatments of the sheet metal

components.
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A problem with the fold over projection ijoint or the
twist projection joint 1is that they are not used in joints
which are required to transmit or resist external loads. The
fold over projection joint or the twist projection joint are
normally used to simply maintain the relative positions of an
assembly of sheet metal components. The fold over projection
and twist projection have a tendency to unfold, untwist or
deform such that the joint becomes loose.

The present invention seeks to provide a twist
projection joint for sheet metal which overcomes, or reduces,
the above mentioned problems.

Accordingly the present invention provides a joint for
joining a first ductile sheet to a second ductile sheet
comprising at least one projection on an edge of the first
ductile sheet, the at least one projection being rotatable
about an axis, the axis being arranged in the plane of the
first ductile sheet and in a plane extending perpendicularly
to the edge of the first ductile sheet, at least one slot
extending through the second ductile sheet, the at least one
projection extending through the at least one slot in the
second ductile sheet, the at least one projection being
rotated such that the at least one projection is in a plane
arranged at angle to the plane of the first ductile sheet and
the at least one projection abuts the second ductile sheet at
both sides of the slot to clamp the second ductile sheet
between the edge of the first ductile sheet and the at least
one projection.

Preferably the first ductile sheet comprises a plurality
of projections on the edge of the first ductile sheet, .a
corresponding number of slots through the second ductile
sheet, each projection extends through a corresponding one of
the slots through the second ductile sheet, each projection
being’ rotated such that the projection is arranged at an
angle to the plane of the first ductile sheet to clamp the
second ductile sheet between the edge of the first ductile

sheet and the projection.
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Preferably the at least one projection comprises a root
portion which extends from the projection into the main body
of the first ductlile sheet, the root portion extends for a
predetermined distance from the edge of the first ductile
sheet into the main portion of the first ductile sheet.

Preferably apertures are arranged at the sides of the
root portion.

Preferably the at least one slot through the second
ductile sheet comprises sub-slots extending perpendicularly
from the centre of the at least one slot and ramps extending
from the slot to the sub-slots to allow rotation of the root
portion apbout the axis.

Preferably the ramps are arranged to define pawls with
the ends of the slots to prevent rotation of the root portion
in the direction to loosen the joint.

Preferably there is at least one additional projection
extending from the edge of the first ductile sheet adjacent
the at least one projection, the additional projection
extending into the at least one slot in the second ductile
sheet to relatively locate the first and second ductile
sheets.

Preferably there 1is at least one second additional
projection extending from the edge of the first ductile sheet
adjacent the at least one projection, the second additional
projection extending into the at least one slot in the second
ductile sheet to relatively locate the first and second
ductile sheets, the second additional projection is on the
opposite side of the projection to the additional projection. 

Preferably the additional projection extends from th-é
edge of the first ductile sheet by a distance equal to or
less than the thickness of the second ductile sheet.

Preferably the second additional projection extends from
the edge of the first ductile sheet by a distance equal to or

less than the thickness of the second ductile sheet.
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Preferably each projection is symmetrical about a plane
extending perpendicularly to the edge of the first ductile
sheet.

Preferably each root portion is symmetrical about a
plane extending perpendicularly to the edge of the first
ductile sheet.

Preferably the joint comprises a third ductile sheet, at
least one slot extending through the third ductile sheet, the
at least one projection extending through the at least one
slot 1n the third ductile sheet, the third ductile sheet
being clamped between the edge of the first ductile sheet and
the second ductile sheet. |

Preferably the at least one projection is rotated such
that the at least one projection is in a plane arranged
perpendicularly to the plane of the first ductile sheet.

Preferably the ductile sheets are metallic sheets.
Preferably the metallic sheets are stainless steel sheets or
nickel alloy sheets.

The present invention also provides a joint for joining
a ductile sheet to another structure comprising at least one
projection on an edge of the first ductile sheet, the at
least one projection being rotatable about an axis, the axis
peing arranged in the plane of the first ductile sheet and in
a plane extending perpendicularly to the edge of the first
ductile sheet, at least one slot extending through the other
structure, the at least one projection extending through the
at least one slot in the other structure, the at least one
projection being rotated such that the at least one
projection is in a plane arranged at angle to the plane o-f
the first ductile sheet and the at least one projection abuts
the other structure at both sides of the slot to clamp thé
other structure between the edge of the first ductile sheet
and the at least one projection.

The other structure may be a ductile sheet or a casting.

The present invention also provides a method of joining

a first ductile sheet to a second ductile sheet comprising
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forming at least one projection on an edge of the first
ductile sheet, the at least one projection being rotatable
about an axils, the axis being arranged in the plane of the
first ductile sheet and in a plane extending perpendicularly
to the edge of the first ductile sheet, forming at least one
slot extending through the second ductile sheet, inserting
the at least one projection through the at least one slot in
the second ductile sheet, rotating the at least one
projection around the axis such that the at least one
projection 1s in a plane arranged at angle to the plane of
the first ductile sheet and such that the at least one
projection abuts the second ductile sheet at both sides of
the slot to clamp the second ductile sheet between the edge
of the first ductile sheet and the at least one projection.

Preferably the method comprises forming a plurality of
projections on the edge of the first ductile sheet, forming a
corresponding number of slots through the second ductile
sheet, 1inserting each projection through a corresponding one
of the slots through the second ductile sheet, rotating each
projection about the axis such that the projection 1is
arranged at an angle to the plane of the first ductile sheet
to clamp the second ductile sheet between the edge of the
first ductile sheet and the projection.

Preferably the method comprises forming a root portion
on the at. least one projection which extends from the
projection into the main body of the first ductile sheet, the
root portion extends for a predetermined distance from the
edge of the first ductile sheet into the main portion of the
first ductile sheet. )

Preferably the method comprises forming apertures
through the first ductile sheet at the sides of the root
portion.

Preferably the method comprises forming sub-slots
extending perpendicularly from the centre of the at least one
slet and forming ramps extending from the slot to the sub-

slcts to allow rotation of the root portion about the axis.
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Preferably the method comprises forming at least one
additional projection extending from the edge of the first
ductile sheet adjacent the at least one projection, inserting
the additional projection into the at least one slot in the
second ductile sheet to relatively 1locate the first and
second ductile sheets.

Preferably the method comprises forming at least one
second additional projection extending from the edge of the
first ductile sheet adjacent the at least one projection,
inserting the second additional projection into the at least
one slot in the second ductile sheet to relatively locate the
first and second ductile sheets, the second additional
projection 1s on the opposite side of the projection to the
additional projection.

Preferably the additional projection extends from the
edge of the first ductile sheet by a distance equal to or
less than the thickness of the second ductile sheet.

Preferably the second additional projection extends from
the edge of the first ductile sheet by a distance equal to or
less than the thickness of the second ductile sheet.

Preferably the method comprises forming each projection
symmetrically about a plane extending perpendicularly to the
edge of the first ductile sheet.

Preferably the method comprises forming each root
portion symmetrically about a plane extending perpendicularly
to the edge of the first ductile sheet.

Preferably the method comprises forming the at least one
projection by laser cutting.

Preferably the method comprises forming the at least oné
slot by laser cutting.

The present 1invention will be more fully described by
way of example with reference to the accompanying drawings,
in which:-

Figure 1 1s a plan view of a portion of a first sheet
metazl component for forming a joint between two sheet metal

comronents.
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Figure 2 1s a plan view of a portion of a second sheet
metal component for forming a joint between two sheet metal
components.

Figure 3 1s a plan view part way through the assembly of
a joint between the first and second sheet metal components

shown 1n figures 1 and 2.

Figure 4 1s a view in the direction of arrow A in figure

Figure 5 1s a plan view of a completed joint between the
first and second sheet metal components shown in figure 1 and

2.

Figure 6 1s a view in the direction of arrow B in figure

Figure 7 1s a plan view of a portion of an alternative
first sheet metal component for forming a joint between two
sheet metal components.

Figure 8 is a plan view of a portion of an alternative
second sheet metal component for forming a joint between two
sheet metal components.

Figure 9 1s a perspective view of a box structure made
using several joints according to the present invention.

A first metal sheet 10, as shown in figure 1, has an
edge 12 and one or more projections 14 extend from the edge
12 of the first metal sheet 10. The projections 14 are
spaced at suitable di'stances along the edge 12 of the first

metal sheet 10.

Each projection 14 comprises two first portions 16 and a
second portion 18. The first portions 16 of the projection
14 are fixed rigidly, and integrally, to the edge 12 of thé
first metal sheet 10 and the first portions 16 extend only a
short distance from the edge 12. The distance is equivalent
at the most to the thickness of a second metal sheet to which
the first metal sheet 10 is to be joined. The first portions
16 are spaced apart along the edge 12.

The second portion 18 extends from the first portions 16

toO a much greater distance. The second portion 18 is not
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fixed to the edge 12 of the first metal sheet 10, instead the
second portion 18 has a root portion 20 which extends between
the first portions 16. The root portion 20 extends into the
main body of the first metal sheet 10 by a predetermined
distance where 1t 1s 1integrally fixed to the first metal
sheet 10 at region 22. Two apertures 24 are cut through the
first metal sheet 10, one is placed on a first side of the
region 22 and one 1s placed on the other side of the region
22, these are to provide stress relief. A small clearance 26
is provided between the sides of the root portion 20 and the
main body of the first metal sheet 10 and between the second
portion 18 of the projection 14 and the first pOrtions 16 of
the projection 14. The second portion 18 of the projection
14 and the root portion 20 are symmetrical around a plane X
arranged perpendicular to the edge 12 of the first metal
sheet 10. Similarly the first portions 16 are arranged
symmetrically around the plane X. |

The projections 14 are formed on the first metal sheet
10 by laser cutting the first metal sheet 10 in the shape as
shown. The first projection portions 16, the second
projection 18 and the root portion 20 are formed by laser
cutting the first metal sheet 10 along the lines indicating
the clearance 26. The apertures 24 are also formed by laser
cutting the first metal sheet 10.

A second metal sheet 30, as shown in figure 2, has one
or more slots 32 extending through the second metal sheet 30.
The slots 32 are spaced at suitable distances along the
second metal sheet 30, equivalent to the distances between
adjacent projections 14 on the first metal sheet 10.

Each slot 32 1s substantially the same length, although
slightly longer, than the length of the projections 14 along
the edge 12 of the first metal sheet 10 in order to receive
the resprective projection 14 on the first metal sheet 10.
Each slct 32 has two sub-slots 34 extending perpendicularly
away frcem the centre of the slot 32. Each sub-slot 32 has

ramps 2S¢ cut out from opposite sides of the slot 32 to
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opposite sides of the sub-slots 34. The ramps 36 are so
arranged to form pawls 38 at the ends of the sub-slots 34.

The slot 32, sub-slots 34 and ramps 36 are formed by
laser cutting the second metal sheet 30 in the shape
indicated.

A joint 39 is formed between the first metal sheet 10
and the second metal sheet 20, as shown more clearly in
figures 3 to 6, by firstly aligning each projection 14 on the
first metal sheet 10 with the corresponding one of the slots
32 on the second metal sheet 30.

Each projection 14 is then inserted into the
corresponding one of the slots 32 as shown more clearly in
figures 3 and 4. In this position the first portions 16 of
each projection 14 engages the ends 33 of the corresponding
slot 32 and accurately locates the first and second metal
sheets 10 and 30 relative to each other.

The second portion 18 of each projéction 14 1is then
rotated through 90° about an axis X, or about the plane X of

symmetry of the projection 14, in the direction of arrows Y
as shown in figures 3 and 4, so that the second portion 18 of
each projection 14 clamps the second metal sheet 30 rigidly
against the edge 12 of the first metal sheet 10 as shown more
clearly in figures 5 and 6. The rotating of each second
portion 18 about the axis X causes the corresponding root

portion 20 to twist to accommodate the twisting of the second

portion 18 of the projection 14. The sub~slots 34 and ramps

36 of each slot 32 in the second metal sheet 30 allow the
root portion 20 and the second ©portion 18 of the
corresponding projection 14 to rotate. The position of the
sub-slots 34 and ramps 36 determines the direction in which
the second portions 18 and root portions 20 are rotated. At
the end of the angular movement of the second portion 18 of
each projection 14, the corresponding root portion 20 moves
into the pawls 38 at the ends of the sub-slots 34 and the

pawls 38 lock the second portion 18 in position and prevents
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the second portion 18 rotating in the opposite direction to

loosen the joint 39.

The amount of strain energy which may be applied to the
joint 39 is dependent upon the position and the angle o

formed between the first portion 16 and second portion 18 of
the projection 14, but also depends upon the length of the

root portion 20 and the angle of rotation of the second

portion 18.

As an example 1in the case of sheet metal components of

1.2 mm thickness, the length of the slot 32 in the second

metal sheet 30 1is 10mm, the width of the slot 32 in the

second metal sheet 30 is 1.2mm. The sub-slots 34 extend

about 2.4 mm from the slot 32 and the width of the sub-slots

34 is about 1.Zmm.

The first portions 16 extend 1.2mm from the edge 12 of

the first metal sheet 10 and the width of the first portions

16 1s about 2.5mm along the edge 12 of the first metal sheet

10.

The width of the second portion 18 of the projection 14

along the edge 12 of the first metal sheet 10 is about 10mm,
the length of the second portion 18 projecting away from the
edge 12 1s about 4mm. The predetermined distance the root
portion 20 extends into the main body of the first metal
sheet 10 1is about 22mm, making the root portion 20 about
23.2mm long in total. The width of the root portion 20
adjacent the second portions 18 is about 5mm and the width of

the root portion 20 at region 22 is about 6.5mm. The

clearance n 26 is about 0.15mm.

These values, except for the clearance, may be scaled

for other thicknesses of sheet metal.

A further first metal sheet 40, as shown in figure 7,

has an edge 42 and one or more projections 44 extend from the

edge 42 of the first metal sheet 40. The projections 44 are

spaced at suitable distances along the edge 42 of the first

metal sheet 40.
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Each projection 44 comprises two first portions 46 and a

second portion 48. The first portions 46 of the projection

44 are fixed rigidly, and integrally, to the edge 42 of the

first metal sheet 40 and the first portions 46 extends only a
short distance from the edge 42. The distance is equivalent
at the most to the thickness of a second metal sheet to which
the first metal sheet 40 is to be joined. The first portions
46 are spaced apart along the edge 42. The second portion 48
extends from the first portions 46 to a much greater
distance.

The second portion 48 is not fixed to the edge 42 of the
first metal sheet 40, instead the second portion 48 has a
root portion 50 which extends between the first portions 46.
The root portion 50 extends into the main body of the first
metal sheet 40 by a predetermined distance where it is
integrally fixed to the first metal sheet 40 at region 52.
Two apertures 54 are cut through the first metal sheet 40,
one 1s placed on a first side of the region 52 and one is
placed on the other side of the region 52. A small clearance
596 1s provided between the sides of the root portion 50 and
the main body of the first metal sheet 40 and between the
second portion 48 of the projection 44 and the first portions
46 of the projection 44, The second portion 48 of the
projection 44 and the root portion 50 are symmetrical around
a plane X arranged perpendicular to the edge 42 of the first
metal sheet 40. Similarly the first portions 46 are arranged
symmetrically around the plane X.

The projections 44 are formed on the first metal sheet
40 by laser cutting the first metal sheet 40 in the shape a;
shown. The first projection portions 46, the second
projection 48 and the root portion 50 are formed by laser
cutting the first metal sheet 40 along the lines indicating
the clearance 56. The apertures 52 are also formed by laser
cutting the first metal sheet 40. The root portion 50 is

shecrter than that in figure 1 and for example in the case of
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a metal sheet 1.2 mm thick the predetermined length of the
root portion 50 is omm.

A second metal sheet 60, as shown in figure 8, has one
or more slots 62 extending through the second metal sheet 60.
The slots 62 are spaced at suitable distances along the
second metal sheet 60, equivalent to the distances between
adjacent projections 44 on the first metal sheet 40.

Each slot 62 1s substantially the same length, although
slightly longer, than the length of the projections 44 along
the edge 42 of the first metal sheet 40 in order to receive
the respective projection 44 on the first metal sheet 40.
Bach slot 62 has two sub-slots 64 extending perpendicularly
away from the centre of the slot 62. Each slot 62 has ramps
66 cut out from opposite sides of the slot 62 to opposite
sides of the sub-slots 64.

The slot 62, sub-slots 64 and ramps 66 are formed by
laser cutting the second metal sheet 60 in the shape

indicated. This does not have a locking pawls and therefore

may not be used 1in circumstances where there may be

vibrations to loosen the joint.

Typical safe tensile load capacity for stainless steel

metal sheets 1.2mm thick is about 900N for joints shown in

figures 7 and 8.

The number of joints between the first and second metal
sheets 1s selected to provide the total 1load capacity,
tensile or shear, appropriate for the particular application.
However, there is a physical restraint on how many joints may
be provided Dbetween two metal sheets and in such
circumstances other joints may be required to support these
joints, for example welding, brazing, soldering, rivets, nuts
and bo.ts etc.

Ar advantage of the joint is that it provides accurate
locaticn and fixation of the metal sheets in preparation for
another process, for example before producing a welded joint.
Thus the joint may remove the need for expensive jigs and

fIxtures to locate and fix metal sheets together.
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The joint may handle loads much greater than the welight

of the assembly of the metal sheets. The joint is capable of

providing a clamping load and its symmetry of construction
create stability.

5 steel,

The invention has been tested on stainless

nickel alloys and nickel based superalloys for sheet
metal thickness between 0.5mm and 2.0mm.

The jJjoints are cheap and easy to produce using laser

machining. The Jjoints provide accurate 1location and
retention of metal sheets prior to fabrication. The
10 symmetrical features of the joint and the rotation minimises
unlocking. An unlocking feature prevents unlocking or

loosening of the joint due to vibrations etc.

"The geometry
1s scaleable for all metal sheet thickness.

The joints may be used in many different industries for

5 example motor vehicles, aeroplanes, gas turbine engines,

ships, railway carriages, railway locomotives, light industry

etc. In particular the joints may be used to manufacture gas

turbine engine nacelles, casings, thrust reverser cascades,

honeycomb or box type structures from metal sheets.

20 A box structure 70, shown in figure 9, is constructed

from four metal sheets 72, 74, 76 and respectively.

One edge
of each sheet 72, 74, 76 and 78

1s provided with two
projections 14, each of which comprises two first projections

1o and one second projection 18. Each of the sheets 12, 74,

25 7o and 78 1is provided with two slots 32. The projections 14

on each of the metal sheets 72, 74, 76 and 78 is aligned with

and passed through the corresponding slots 32 in the adjacent

metal sheets 74, 76, 78 and 72 respectively. The second

projections 18 on each metal sheet 72, 74, 76 and 78 are then

rotated through 90° to clamp all the metal sheets 72, 74, 76
and /8 together to produce the rigid box structure 70.

The 3Joint features may formed by any other

process which produces narrow, about 0.15mm,

sultable

clearances

petween the first and second portions of the projection and

355 between the root portion and the main body of the metal sheet
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which are perpendicular to the surface of the metal sheets
and which have a milled edge finish.

The sheet metal may be a metal, an alloy or an
intermetallic alloy. The invention is applicable to sheet
metal made of ductile metals, however the invention may be
applicable to other sheet materials made of other ductile
materials.

Although the invention has been described as providing a
joint between two ductile material sheets the invention
provides a Jjoint between three or more ductile material
sheets. In the case of three sheets, the projections are
designed such that the first projections pass through and
locate 1n the other two sheets and the second projections
clamp on the sheet furthest from the edge of the sheet from
which the projections extend. Similarly for providing a
joint between four or more ductile material sheets.

Although the invention has been described as providing a
joint between two ductile material sheets, the invention
provides a jolnt between at least one ductile material sheet
and other structure or materials. In this case the
projection on the ductile material sheet passes through a
slot through the other structure or material, the other
structure may be for example a casting etc.

Although the 1invention has been described as requiring

the projections to be rotated through 90° in order to clamp

the second ductile sheet between the edge of the first
ductile sheet and the projection, the projection may be
rotated through other suitable angles 1less than 90° which

enable the projection to abut the second ductile sheet at
both sides of the slot.
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Claims: ~

1. A 3joint for joining a first ductile sheet (10 to a
second ductile sheet (30) comprising at least one projection
(18) on an edge of the first ductile sheet (10), the at least
one projection (18) being rotatable about an axis (x), the
axlis (x) being arranged in the plane of the first ductile
sheet (10) and in a plane extending perpendicularly to the
edge (12) of the first ductile sheet (10), at least one slot
(32) extending through the second ductile sheet (30), the at
least one projection (14) extending through the at least one
slot (32) in the second ductile sheet (30), the at least one
projection (18) being rotated such that the at least one
projection (18) is in a plane arranged at angle to the plane
of the first ductile sheet (10) and the at least one
projection (18) abuts the second ductile sheet (30) at both
sides of the slot (32) to clamp the second ductile sheet (30)
between the edge (12) of the first ductile Eheet (10) and the
at least one projection (18), characterised in that the at
least one projection (18) comprises a root portion (20) which
extends from the projection (18) into the main body of the
first ductile sheet (10), the root portion (20) extends for a
predetermined distance from the edge (12) of the first
ductile sheet (1l0) into the main body of the first ductile
sheet (10). '

2. A joint as claimed in claim 1 wherein the first ductile
sheet (10) comprises a plurality of projections (18) on the
edge of the first ductile sheet (10), a corresponding number
of slots (32) through the second ductile sheet (30), each
projection (18) extends through a corresponding one of th.é
slots (32) through the second ductile sheet (30), each
projection (18) being rotated such that the projection (18)
1s arranged at an angle to the plane of the first ductile
sheet (10) to clamp the second ductile sheet (30) between the
edge (12) of the first ductile sheet (10) and the projection
[18) .
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3. A joint as claimed in claim 1 or claim 2 wherein
apertures (24) are arranged at the sides of the root portion
(20) .

4. A joint as claimed in any of claims 1 to 3 wherein the
at least one slot (32) through the second ductile sheet (30)
comprises sub-slots (34) extending perpendicularly from the
centre of the at least one slot (32) and ramps (36) extending
from the slot (32) to the sub-slots (34) to allow rotation of
the root portion (20) about the axis (x).

S. A joint as claimed in claim 4 wherein the ramps (36) are
arranged to define pawls (38) with the ends of the sub-slots
(34) to prevent rotation of the root portion (20) in the
direction to loosen the joint.

6. A joint as claimed in any of claims 1 to 5 wherein there
1s at least one additional projection (16) extending from the
edge (12) of the first ductile sheet (10) adjacent the at
least one projection (18), the additional projection (16)
extending into the at least one slot (32) in the second
ductile sheet (30) to relatively locate the first and second
ductile sheets (10,30).

7. A joint as claimed in claim 6 wherein there is at least
one second additional projection (16) extending from the edge
(12) of the first ductile sheet (10) adjacent the at least
one projection (18), the second additional projection (16)
extending 1into the at least one slot (32) in the second
ductile sheet (30) to relatively locate the first and second
ductile sheets (10,30), the second additional projection (16)
1s on the opposite side of the projection (18) to the
additional projection (16). :
8. A Jolnt as claimed in claim 6 or claim 7 wherein the
additional projection (16) extends from the edge (12) of the
first ductile sheet (10) by a distance equal to or less than
the thickness of the second ductile sheet (30).

9. A Joint as claimed in <claim 7 wherein the second

additional projection (16) extends from the edge (12) of the
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first ductile sheet (10) by a distance equal to or less than
the thickness of the second ductile sheet (30).

10. A joint as claimed in any of claims 1 to 9 wherein each
projection (18) 1is symmetrical about a plane extending
perpendicularly to the edge (12) of the first ductile sheet
(10) .

11. A joint as claimed in claim 10 wherein each root portion
(20) 1s symmetrical about a plane extending perpendicularly
to the edge (12) of the first ductile sheet (10).

l12. A joint as claimed in any of claims 1 to 11 comprising a
third ductile sheet, at least one slot extending through the
third ductile sheet, the at least one projection (18)
extending through the at least one slot in the third ductile
sheet, the third ductile sheet being clamped between the edge
(12) of the first ductile sheet (10) and the second ductile
sheet (30). .
13. A joint as claimed in any of claims 1 to 12 wherein the
ductile sheets (10,30)are metallic sheets.

14. A 3joint as claimed in <claim 13 wherein the metallic
sheets (10,30) are stainless steel sheets or nickel alloy
sheets.

15. A joint as claimed in any of claims 1 to 14 wherein the
at least one projection (18) is rotated such that the at
least one projection (18) l1s in a plane arranged
perpendicularly to the plane of the first ductile sheet (10).

16. A joint for Jjoining a ductile sheet (10) to another
structure (30) comprising at least one projection (18) on an
edge (l12) of the first ductile sheet (10), the at least one
projection (18) being rotatable about an axis (x), the axi;
(X) being arranged in the plane of the first ductile sheet
(10) and in a plane extending perpendicularly to the edge
(12) of the first ductile sheet (10), at least one slot (32)
extending through the other structure (30), the at least one
projection (18) extending through the at least one slot (32)
in the other structure (30), the at least one projection (18)

being rotated such that the at least one projection (18) 1is
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in a plane arranged at angle to the plane of the first
ductile sheet (10) and the at least one projection (18) abuts
the other structure (30) at both sides of the slot (32) to
clamp the other structure (30) between the edge (12) of the
5 first ductile sheet (10) and the at least one projection
(18), cha‘racterised in that the at least one projection (18)
comprises a root portion (20) which extends from the
projection (18) into the main body of the first ductile sheet
(10), the root portion (20) extends for a predetermined
10 distance from the edge (12) of the first ductile sheet (10)
into the main body of the first ductile sheet (10).
17. A Jjoint as claimed in <claim 16 wherein the other
structure (30) 1s a ductile sheet (30) or a casting.
18. A method of joining a first ductile sheet (10) to a
15 second ductile sheet (30) comprising forming at least one
projection (18) on an edge (12) of the first ductile sheet
(10), the at least one projection (18) beiﬁg rotatable about
an axlis (x), the axis (x) being arranged in the plane of the
first ductile sheet (10) and in a plane extending
20 perpendicularly to the edge (12) of the first ductile sheet
(10), forming at least one slot (32) extending through the
second ductile sheet (30), inserting the at least one
projection (18) through the at least one slot (32) in the
second ductile sheet (30), rotating the at 1least one
25 projection (18) around the axis (x) such that the at least
one projection (18) is in a plane arranged at angle to the
plane of the first ductile sheet (10) and such that the at
least one projection (18) abuts the second ductile sheet (30)
at both sides of the slot (32) to clamp the second ductile
30 sheet (30) between the edge (12) of the first ductile sheet
(10) and the at least one projection (18), characterised by
forming a root portion (20) on the at least one projection
(18) which extends from the projection (18) into the main
body of the first ductile sheet (10), the root portion (20)

35 extends for a predetermined distance from the edge (12) of
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the first ductile sheet (10) into the main body of the first
ductiie sheet (10).

19. A method as claimed in claim 18 comprising forming a
plurality of projections (18) on the edge (12) of the Ffirst
ductile sheet (10), forming a corresponding number of slots
(32) through the second ductile sheet (30) » 1lnserting each
projection (18) through a corresponding one of the slots (32)
through the second ductile sheet (30), rotating each
projection (18) about the axis (x) such that the projection
(18) 1s arranged at an angle to the plane of the Ffirst
ductile sheet (10) to clamp the second ductile sheet (30)
between the edge (12) of the first ductile sheet (10) and the
projection (18).

20. A method as claimed in claim 18 or claim 19 comprising
forming apertures (24) through the first ductile sheet (10)
at the sides of the root portion (20).

21. A method as claimed in any of élaims 18 to 20
comprising forming sub-slots (34) extending perpendicularly
from the centre of the at least one slot (32) and forming
ramps (36) extending from the slot (32) to the sub-slots (34)
to allow rotation of the root portion (20) about the axis
(x) .

22. A method as claimed in claim 21 comprising forming at
least one additional projection (16) extending from the edge
(12) of the first ductile sheet (12) adjacent the at least
one projection (18), inserting the additional projection (16)
into the at least one slot (32) in the second ductile sheet
(30) to relatively locate the first and second ductile sheets
(10,30).

23. A method as claimed in claim 22 comprising forming at
least one second additional projection (16) extending from
the edge (12) of the first ductile sheet (10) adjacent the at

least one projection (18), inserting the second additional

proiection (16) into the at least one slot (32) in the second
ductile sheet (30) to relatively locate the first and second

ductile sheets (10,30), the second additional projection (16)
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is on the opposite side of the projection (18) to the
additional projection (16).

24. A method as claimed in claim 22 or claim 23 wherein the
additional projection (16) extends from the edge (12) of the
first ductile sheet (10) by a distance equal to or less than
the thickness of the second ductile sheet (30).

25. A method as claimed in claim 23 wherein the second
additional projection (16) extends from the edge (12) of the
first ductile sheet (10) by a distance equal to or less than
the thickness of the second ductile sheet (30).

26. A method as claimed in any of claims 18 to 25 comprising
forming each projection (18) symmetrically about a plane
extending perpendicularly to the edge (12) of the first
ductile sheet (10).

27. A method as claimed in claim 26 comprising forming each
root portion (20) symmetrically about a plane extending
perpendicularly to the edge (12) of the first ductile sheet
(10) .

28. A method as claimed in any of claims 18 to 27 comprising
forming the at least one projection (18) by laser cutting.

29. A method as claimed in any of claims 18 to 28 comprising
forming the at least one slot (32) by laser cutting.

30. A method as claimed in any of claims 18 to 29 comprising

forming the at least one root portion (20) by laser cutting.
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