wo 2010/032189 A2 I 0K 0O 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 I MIEVAN A1 000100 A 00O TS0 0 0
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
25 March 2010 (25.03.2010) PCT WO 2010/032189 A2
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
HOIM 4/04 (2006.01) HOIM 4/72 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. o HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
PCT/IB2009/054004 ME, MG, MK, MN, MW, MX. MY, MZ, NA, NG, NL
(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
14 September 2009 (14.09.2009) SE, SG, SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT,
TZ,UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
2008/08044 18 September 2008 (18.09.2008) ZA ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(72) Inventor; and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicant : HUMAN, Jan Petrus [ZA/ZA]; 15 Lobelia MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
Street, 7130 Somerset West (ZA). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(74) Agent: TRUTER, Kenneth Colin; Brian Bacon & Asso- ML, MR, NE, SN, TD, TG).
ciates Inc., 2nd Floor, Mariendahl House Newlands on, Published:
Main Main Road, Newlands, 7700 Cape Town (ZA). —  without international search report and to be republished
(81) Designated States (unless otherwise indicated, for every upon receipt of that report (Rule 48.2(g))

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: METHOD OF, AND APPARATUS FOR, PRODUCING COMPOSITE ARTICLES

14 30

Fig. 1

(57) Abstract: Apparatus for manufacturing a composite structure of metal or other material and injection moulded synthetic plas-
tics is disclosed. The apparatus comprises three components (12, 14, 16) which can be moved between an open position in which
they are spaced apart and a closed position in which they are forced into contact. The centre component (14) has openings (30) in
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cavity detined by the components (12, 14) and the front faces of the protrusions (36). A plastics material injection point (18) is
provided in the component (12).
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METHOD OF, AND APPARATUS FOR, PRODUCING COMPOSITE
ARTICLES

FIELD OF THE INVENTION

THIS INVENTION relates to a method of producing composite
components which method is particularly, but not exclusively, intended for use
in the production of grids for secondary batteries. The invention also relates to

apparatus for producing composite components.

BACKGROUND TO THE INVENTION

A widely used form of battery is the lead acid battery. It is this
battery that is used to start internal combustion engines and is also used as a

standby power source.

The basic component of the lead acid battery is the battery grid.
Conventionally this comprises a rectangular frame, an array of intersecting
bars filling the space bounded by the frame and providing a plurality of
openings, and a terminal lug protruding from the frame. The frame, bars and

lug are all of lead.

Lead is a malleable material and has little resistance to bending
and distortion. To impart stiffness to the plate, additives such as calcium and
antimony are added to the lead before the battery plate is cast or otherwise
formed. The additives are also intended to improve other properties of the

lead and particularly to facilitate working with it.



WO 2010/032189 2 PCT/IB2009/054004

The electrochemically active material is applied to the grid by a
procedure known as pasting. The material enters the openings of the grid and
forms what are called pellets. A pasted grid forms a battery plate. A plate with
pellets of electrochemically positive material, a plate with pellets of

electrochemically negative material and a porous separator form a cell.

Various constructions have been proposed which are intended
to enable pure lead, instead of lead with additives, to be used for the purpose
of fabricating battery plates. The constructions proposed provide an acid

resistant support for the lead. The following are examples of prior proposals:-

US 3556854 — Wheadon proposes a plastic material grid to
which lead ribbons are fitted. Fitting the ribbons to the grid is a labour

intensive operation.

US 3738871 — Scholle. In this specification a construction
comprising a plastics material frame with a grid of lead wires extending across

the opening bounded by the frame is disclosed.

US 3956012 — Scholle. In this specification it is proposed that
the frame and a grid within the frame should be of plastics material. A lead

strand is supported by the grid.

US 4160309 — Scholle. The inventor in this specification
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proposes a composite lead and a plastics material battery plate and that the
lead and plastics material be sequentially injection moulded in the same
mould. Controlling the feed of two types of molten moulding material in a

single mould is clearly technically complex.

US 3944431 — Ikari. In the construction proposed in this
specification the lead is in the form of wires which are wound around elongate

non-conductive supporting elements which span across a frame.

The present invention seeks to provide a method of producing a
grid of composite construction in a mould thereby avoiding the labour costs
inherent in assembly operations and to enable a satisfactory rate of

production of grids to be attained.

There are products which comprise an injection moulded part in
which another component is embedded, either entirely or partially. The
method and apparatus of the present invention are able to produce such

composite components.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the present invention there is
provided a method of manufacturing a composite battery grid which method

comprises;-

feeding a sheet of electrically conductive material into a gap
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defined by a first component having protrusions and one of the faces of a
second component which second component has openings in it matching the
protrusions, the other face of said second component and the protrusions
having grooves therein and there being a third component which is on the
opposite side of said second component to the first component and which

also has grooves in it;

moving the first and second components together so that the
protrusions of said first component enter the openings of the second
component and punch out that part of said metal sheet which is in register
with the openings and force such part through the second component and into
a moulding cavity defined by the protrusions of the first component, the

second component and the third component; and

moulding a structure for supporting and locating the punched out

part of said metal sheet by injecting synthetic plastics material into said

moulding cavity.

The method can include the further steps of;-

separating said first and second components and said second

and third components after injection moulding said structure;

providing said metal sheet in strip form; and
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advancing said sheet subsequent to separating said first and

second components.

Said metal part can include one or more tabs which protrude
from the moulded structure to form a battery lug. Said grid preferably
comprises a frame and plurality of filaments spanning across the frame and
defining with said punched metal part openings for receiving pellets of

electrochemically active material.

Preferably said metal part comprises a column and a series of
parallel sections joined at their ends to said columns thereby to constitute a
comb, said parallel sections crossing said filaments whereby said filaments

and said parallel sections define said openings.

Said first component can have first and second sets of
protrusions and said second component can have first and second sets of
matching openings whereby two discrete, separate metal parts are punched

out as said protrusions enter said openings.

Each of said metal parts can include a tab which protudes from

said moulded structure, each tab constituting a battery lug.

The battery grids that are produced are pasted with
electrochemically active material which enters said openings whereby the

grids become battery plates.
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According to another aspect of the present invention there is
provided apparatus for producing a composite battery grid, the apparatus

comprising:-

a first component having protrusions;

a second component having openings in it that match the

protrusions of the first component;

means for displacing said first and second components relatively
to one another between an open position in which the components are
spaced apart and a closed position in which said protrusions are in said

openings;

means for feeding a metal sheet between said components
whilst they are spaced apart whereby, as said first and second components
move to the closed position, the part of the sheet which overlies said openings

is punched out and pushed through the second component;

grooves in said protrusions and in that surface of said second

component which faces away from the first component;

a third component having grooves in that surface thereof which

faces said surface of the second component;
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means for displacing said components relatively to one another
between an open position in which said components are spaced apart and a
closed position in which said protrusions, said second component and said
third component bound a moulding cavity which receives said metal part

punched out by the protrusions of the first component; and

means for injecting synthetic plastics material into said moulding

cavity to form a structure which supports and locates said metal part.

Said apparatus can further include means for advancing a metal
strip into the gap between said first and second components to introduce an
unapertured portion of the strip between said first and second components
and remove the portion of the strip that was punched when the protrusions

last entered the openings.

Said openings and protrusions can be configured to produce a

tab which protrudes from the moulded structure and forms a battery lug.

Said grooves of the protrusions, the second and third
components can be such that the moulded structure comprises a frame and a
plurality of filaments spanning across the frame, there being openings for

receiving pellets of electrochemically active material.
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Preferably said metal part comprises a column and a series of
parallel sections joined at their ends to the column to constitute a comb, said
parallel sections crossing said filaments thereby to define said openings

between said filaments and said sections.

Said first component can have first and second sets of
protrusions and said second component can have first and second sets of
openings whereby two discrete, separate metal parts are punched out as the
first and second sets of protrusions enter the first and second sets of

openings.

Said protrusions and openings can be that each punched metal

part includes a tab which protrudes from the moulded structure thereby to

provide two battery lugs.

According to a further aspect of the present invention there is

provided apparatus for producing a composite structure comprising:-

a first component having protrusions;

a second component having openings in it that match the

protrusions of the first component;

means for displacing said first and second components relatively

to one another between an open position in which the components are
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spaced apart and a closed position in which said protrusions are in said

openings;

means for feeding a sheet of material between said components
whilst they are spaced apart whereby, as said first and second components
move to the closed position, the part of the sheet which overlies said openings

is punched out and pushed through the second component;

a third component having a surface which faces said surface of

the second component;

means for displacing said first, second and third components
relatively to one another between an open position in which said components
are spaced apart and a closed position in which said components bound a
moulding cavity which receives said part punched out by the protrusions of

the first component; and

means for injecting synthetic plastics material into said moulding

cavity to form a structure which supports and locates said punched part.

According to a still further aspect of the present invention there

is provided a method of manufacturing a composite component which method

comprises.

feeding a sheet of material into a gap defined by a first
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component having protrusions and one of the faces of a second component
which second component has openings in it matching the protrusions,
providing a third component on the opposite side of said second component
to the first component, moving the first and second components together so
that the protrusions of said first component enter the openings of the second
component and punch out that part of said sheet which is in register with the
openings and force said part through the second component and into a
moulding cavity defined by the second component, the third component and
the protrusions of the first component, and moulding a structure for supporting
and locating the punched out part of said sheet by injecting synthetic plastics

material into said moulding cavity.

BRIEF DESCRIPTION OF DRAWINGS

For a better understanding of the present invention, and to show
how the same may be carried into effect, reference will now be made, by way

of example, to the accompanying drawings in which:-

Figures 1 and 2 are diagrammatic pictorial views of apparatus for
manufacturing a battery grid;

Figure 3 is a pictorial view similar to that of Figures 1 and 2 but taken
from the opposite direction;

Figures 4 and 5 illustrates details of the construction within the circles
designated A4 and A5 in Figure 1;

Figures 6 and 7 illustrate details of the construction within the circles

designated A6 and A7 in Figure 2;
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Figure 8 is an elevation of a battery grid in accordance with the present
invention;

Figure 9 is a detail of the battery grid;

Figure 10 is an edge view of the grid of Figure 8;

Figure 11 is a pictorial view of the battery grid; and

Figures 12 and 13 are pictorial views of the top left hand corner and
bottom left hand corner of the grid of Figure 11, Figures 12 and 13 being to a

larger scale than Figure 11.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring firstly to Figures 1, 2 and 3, the apparatus 10
illustrated comprises first, second and third components designated 12, 14

and 16.

The component 12 is a fixed component and has, at the centre
thereof, an injection point 18 for synthetic plastics material. The front surface
20 of the component 12 (see Figure 3) has grooves 22 therein which will be
described in more detail hereinafter. The holes 24 in the corners of the
component 12 receive the fixed guide bars (not shown) along which the

components 14, 16 move during use of the apparatus.

In the description of Figures 1 to 7, the above mentioned
grooves 22, and various other grooves, will be referred to. However, the
arrangement of these will be best understood from the description of Figures

8 to 13.
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The component 14 has grooves 26 (Figure 1) cut into that

surface 28 thereof which faces the surface 20 of the component 12.

The component 14 has through openings 30. These openings
pass through the component 14 from the surface 28 (Figures 1 and 2) to the
opposite surface 32 (Figure 3). The openings 30 can be in the form of a single
set of openings but are preferably constituted by two sets of openings as will

be described hereinafter.

The component 16 has a front surface 34 (Figures 1 and 2) and
protrusions 36 standing proud of the surface 34. The arrangement of the
protrusions 36 matches the arrangement of the openings 30 in the component
14. The front surfaces of the protrusions have vertically extending grooves 38

in them.

Reference numeral 40 designates a lead sheet which is in the
gap between the components 14 and 16 and reference numeral 42
designates a moulded battery grid. Numerals 44 and 46 designate holes in

the components 14 and 16 through which the guide bars pass.

In use of the apparatus, after the lead sheet 40, has been
positioned as shown, the components 12, 14 and 14, 16 are brought into face
to face contact. Upon the surface 20 of the component 12 contacting the

surface 28 of the component 14 a mould cavity is partially formed by the



WO 2010/032189 13 PCT/IB2009/054004

grooves 22, 26.

The protrusions 36 approach the openings 30 as the
components 14, 16 are moved into proximity with one another. As the
protrusions 36 enter the openings 30 the lead sheet 40 is punched, that part
of the sheet which was in register with the openings 30 being pushed through
the component 14 and into the mould cavity between the components 12, 14.
The front surfaces of the protrusions 36 and the grooved front surface of the
component 14 are in alignment when the protrusions 36 have entered the
openings 30 to the maximum extent possible. The grooves 26 in the surface
28 and the grooves 38 in the front surfaces of the protrusions 36 together
match the grooves 22 in the surface 20 of the component 12 and the three
sets of grooves together define a moulding cavity. The punched out part of the

lead sheet is in the moulding cavity.

The arrangement of the grooves 22, 26 and 38 will be described

in more detail hereinafter.

Synthetic plastics material is then forced in via the injection point
18 to form a structure which locates and supports the punched out part of the

lead sheet.

The sheet 40 is preferably part of a strip which extends both

above and below the components 12, 14 and 16. The strip can be on a roll
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(not shown) which is above the components 12, 14 and 16. Feed means (not
shown) are provided for pulling the strip down each time that the components
14, 16 separate. This brings an unapertured portion of the strip into the gap
between the components 14, 16 and removes the part of the strip that was

punched when the components 14, 16 were last moved into contact.

Referring now to Figure 4 , the protrusions 36 are constituted by
two sets of protrusions designated 36.1 and 36.2. The set of protrusions 36.1
comprises a top bar 48.1, a block 50.1 protruding upwardly from the bar 48.1,
a vertical column 52.1 extending downwardly from the bar 48.1, and a series
of vertically spaced horizontals 54.1. Each horizontal 54.1 is joined to the

vertical column 52.1.

The set of protrusions 36.2 likewise comprises a top bar 48.2, a
block 50.2, a vertical column (not visible in Figure 4) and a series of parallel
horizontals 54.2. The horizontals are each joined at one end to the column
thereby to form a comb. The horizontals 54.2 stop short of the column 52.1
and alternate with the horizontals 54.1. The horizontals 54.1 likewise stop

short of the vertical column of the protrusion set 36.2.

The top bars, the vertical columns and the horizontals of the
sets of protrusions 36.1 and 36.2 have the grooves 38 therein. All the

grooves extend vertically. There are no grooves in the blocks 50.1 and 50.2.
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The component 14 (see Figure 1, 2, 5 and 7) comprises
vertically elongate slots 56 for receiving the blocks 50.1 and 50.2, elongate
horizontal slots 58 for receiving the bars 48.1 and 48.2, horizontal slots 60 for
receiving the horizontals 54.1 and 54.2 and vertical slots 62 for receiving the
vertical column 52.1 and its counterpart forming part of the protrusion set
36.2. The arrangement of the slots gives rise to two sets of openings which

match the shape of the two sets of protrusions 36.1 and 36.2.

The moulded structure produced will be described in more detail
hereinafter, and this description will have the effect of also describing the

grooves in the components 12, 14 and 16.

Figures 6 and 7 illustrate in more detail the grooves 38 which
are formed in the front faces of the protrusions 36.1 and 36.2 (Figure 6) and
the grooves 26 in those parts of the component 14 which remain after the
slots 60 have been cut (Figure 7). Figure 7 illustrates the appearance of the
rear surface of the component 14. The vertical and horizontal slots 60, 62
which form part of the openings 30 are illustrated. The slots 56, 58 for
receiving the top bars 48.1, 48.2 and the blocks 50.1, 50.2 are not shown in

this Figure.

Figure 8 to 13 illustrate the construction of a battery grid
produced in the apparatus of Figures 1 to 7. Two electrodes of sheet lead are
shown (see particularly Figure 11), these being designated 64 and 66. The

electrode 64 includes a battery lug 68, a short upper bar 70, a vertical column



WO 2010/032189 16 PCT/IB2009/054004

72 and a plurality of horizontal fingers 74 each joined at one end to the
column. The electrode 66 comprises a battery lug 76, a longer upper bar 78, a
vertical column 80 and a plurality of horizontal fingers 82. The fingers 74
alternate with the fingers 82 and all the fingers stop short of the other vertical
column. As a consequence of this arrangement gaps 84 are formed between
the two electrodes 64, 66, the gaps 84 following a zig zag path. The two

columns and associated fingers together constitute two combs.

The moulded structure of the grid 42 is designated 86 and
comprises a frame 88 having upper and lower horizontals 90 and 92 and
verticals 94. Each vertical 94 comprises an inner stile 96, an outer stile 98,
and rungs 100 joining the stiles 96, 98. The upper and lower horizontals 90,
92 are joined by a series of parallel flaments 102. Each filament 102 spans
across the gaps 84 and across the fingers 74 and 82. Each filament is solid
where it traverses a gap 84 and split to lie on each side of the lead where it
traverses a finger 74, 82. In Figures 9 and 11 to 13 the reference numerals
104 designates the openings which are bounded by the fingers and the
filaments and which receive the electrochemically active material to form the

pellets.

The diameters of the upper and lower horizontals 90, 92 and the
stiles 98 are the same. The stiles 96 and filaments 102 are of smaller
diameter. The grid can thus be pasted to a thickness equal to the larger
diameter so that the stiles 96, filaments 102 and the electrodes 64, 66 are

entirely embedded in the paste. The horizontals 90 and 92, the stiles 98
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forming the perimeter of the frame and the lugs 68, 76 are not embedded in

the paste.

By pasting the grid with positive or negative electrochemically
active material a battery plate with either two anodes or two cathodes can be
produced. By removing one of the lugs 68 or 76 and electrically connecting
the electrodes 64, 66, a battery plate with a single anode or a single cathode

can be produced.

In the form described and illustrated the apparatus is adapted to

produce a battery grid having a lead component and a plastic component.

By replacing the lead sheet 40 by a sheet of any material that
can be punched, by appropriately shaping the protrusions and matching
openings and appropriately configuring those faces of the components 12, 14
and 16 which bound the mould cavity, composite structures of any desired
format can be produced. The sheet can be of metal such as brass or copper,
of synthetic plastics material, of fibreglass or of any other material that it is

desired to embed partially or wholly in synthetic plastics material.

If material such as brass or copper is used, it can be in the form
of a ribbon. Other materials, such as aluminium foil, can be in the form of a
web which is provided in rolled form. The term sheet as used herein is to be
construed as covering all such forms of material. The essential feature of the

material is that it is capable of being punched by the protrusions.
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CLAIMS

1. A method of manufacturing a composite battery grid which method

comprises;-

feeding a sheet of electrically conductive material into a gap
defined by a first component having protrusions and one of the faces of a
second component which second component has openings in it matching the
protrusions, the other face of said second component and the protrusions
having grooves therein and there being a third component which is on the
opposite side of said second component to the first component and which

also has grooves in it;

moving the first and second components together so that the
protrusions of said first component enter the openings of the second
component and punch out that part of said metal sheet which is in register
with the openings and force such part through the second component and into
a moulding cavity defined by the protrusions of the first component, the

second component and the third component; and

moulding a structure for supporting and locating the punched out

part of said metal sheet by injecting synthetic plastics material into said

moulding cavity.

2. A method as claimed in claim 1 and including the further steps
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of;-

separating said first and second components and said second

and third components after injection moulding said structure;

providing said metal sheet in strip form; and

advancing said sheet subsequent to separating said first and

second components.

3. A method as claimed in claim 1 or 2 in which the metal part
includes one or more tabs which protrude from the moulded structure to form

a battery lug.

4. A method as claimed in claim 1, 2 or 3, wherein said grid
comprises a frame and plurality of filaments spanning across the frame and
defining with said punched metal part openings for receiving pellets of

electrochemically active material.

5. A method as claimed in any preceding claim, wherein said metal
part comprises a column and a series of parallel sections joined at their ends
to the column thereby to constitute a comb, said parallel sections crossing
said filaments whereby said filaments and said parallel sections define said

openings.



WO 2010/032189 20 PCT/IB2009/054004

6. A method as claimed in any preceding claim, wherein said first
component has first and second sets of protrusions and said second
component has first and second sets of matching openings whereby two
discrete, separate metal parts are punched out as said protrusions enter said

openings.

7. A method as claimed in claim 6, wherein each of said metal
parts includes a tab which protrudes from said moulded structure, each tab

constituting a battery lug.

8. A method as claimed in any preceding claim, and including the
step of pasting the battery grids with electrochemically active material which

enters said openings whereby the grids become battery plates.

9. Apparatus for producing a composite battery grid, the apparatus

comprising:-

a first component having protrusions;

a second component having openings in it that match the

protrusions of the first component;

means for displacing said first and second components relatively
to one another between an open position in which the components are

spaced apart and a closed position in which said protrusions are in said
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openings;

means for feeding a metal sheet between said components
whilst they are spaced apart whereby, as said first and second components
move to the closed position, the part of the sheet which overlies said openings

is punched out and pushed through the second component;

grooves in said protrusions and in that surface of said second

component which faces away from the first component;

a third component having grooves in that surface thereof which

faces said surface of the second component;

means for displacing said components relatively to one another
between an open position in which said components are spaced apart and a
closed position in which said protrusions, said second component and said
third component bound a moulding cavity which receives said metal part

punched out by the protrusions of the first component; and

means for injecting synthetic plastics material into said moulding

cavity to form a structure which supports and locates said metal part.

10. Apparatus as claimed in claim 9 and further including means for
advancing a metal strip into the gap between said first and second

components to introduce an unapertured portion of the strip between said first
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and second components and remove the portion of the strip that was punched

when the protrusions last entered the openings.

11. Apparatus as claimed in claim 9 or 10, wherein said openings
and protrusions are configured to produce a tab which protrudes from the

moulded structure and forms a battery lug.

12. Apparatus as claimed in claim 9 , 10, or 11, wherein said
grooves of the protrusions, the second and the third components are such
that the moulded structure comprises a frame and a plurality of filaments
spanning across the frame, there being openings for receiving pellets of

electrochemically active material.

13. Apparatus as claimed in any one of claims 9 to 12, wherein said
metal part comprises a column and a series of parallel sections joined at their
ends to the column to constitute a comb, said parallel sections crossing said
filaments thereby to define said openings between said flaments and said

sections.

14. Apparatus as claimed in any one of claims 9 to 13, wherein said
first component has first and second sets of protrusions and said second
component has first and second sets of openings whereby two discrete,
separate metal parts are punched out as the first and second sets of

protrusions enter the first and second sets of openings.
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15. Apparatus as claimed in claim 14, wherein said protrusions and
openings are such that each punched metal part includes a tab which

protrudes from the moulded structure thereby to provide two battery lugs.

16. Apparatus for producing a composite structure comprising:-

a first component having protrusions;

a second component having openings in it that match the

protrusions of the first component;

means for displacing said first and second components relatively
to one another between an open position in which the components are
spaced apart and a closed position in which said protrusions are in said

openings;

means for feeding a sheet of material between said components
whilst they are spaced apart whereby, as said first and second components
move to the closed position, the part of the sheet which overlies said openings

is punched out and pushed through the second component;

a third component having a surface which faces said surface of

the second component;
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means for displacing said first, second and third components
relatively to one another between an open position in which said components
are spaced apart and a closed position in which said components bound a
moulding cavity which receives said part punched out by the protrusions of

the first component; and

means for injecting synthetic plastics material into said moulding

cavity to form a structure which supports and locates said punched part.

17. A method of manufacturing a composite structure which method
comprises feeding a sheet of material into a gap defined by a first component
having protrusions and one of the faces of a second component which second
component has openings in it matching the protrusions, providing a third
component on the opposite side of said second component to the first
component, moving the first and second components together so that the
protrusions of said first component enter the openings of the second
component and punch out that part of said sheet which is in register with the
openings and force said part through the second component and into a
moulding cavity defined by the second component, the third component and
the protrusions of the first component, and moulding a structure for supporting
and locating the punched out part of said sheet by injecting synthetic plastics

material into said moulding cavity.
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