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(54) Container with clamped seal

(57) A container comprising a metal can body (1) and
a diaphragm (40) closing the body end.
The diaphragm (40) is clamped between opposing sur-

faces of a collapsed annular beard (15b) to close the
body.
A method and apparatus for making the container are
disclosed.
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Description

Technical Field

[0001] This invention relates to a container in the form
of a metal can body having an access opening closed
with a flexible diaphragm, the container provided with an
improved means of securing the diaphragm to the can
body.

Background Art

[0002] In the field of food packaging, metal containers
are known having a can body provided with an access
opening which is sealed by a flexible diaphragm in the
form of lightweight peelable foil lidding. The diaphragm
typically includes a metal substrate to perform the func-
tions of providing strength, forming a barrier to mitigate
loss of moisture and flavours from the filled can, and pre-
venting contamination. Heat sealing or adhesive are
commonly used to provide a peelable bond between the
diaphragm and the can body. The diaphragm is typically
bonded to an intermediate ring component, which is then
seamed to the sidewall of the can body. GB 2237259 A
(CMB FOODCAN PLC) 01.05.1991 discloses a typical
example of such a known metal container, with the dia-
phragm peelably bonded to an intermediate metal ring.
[0003] A problem common to such known containers
having a peelable flexible diaphragm is that positive pres-
sure within the container will act to cause the diaphragm
to progressively peel itself away from the surface to which
it is bonded. This progressive peeling initiates and prop-
agates from inside the container and is therefore invisible
to the can manufacturer, the filler and end-consumer. For
this reason, when considering the case of containers for
food products requiring sterilisation, such containers
must either:

• be processed in an overpressure retort which in-
cludes pressure balancing to compensate for pres-
sure changes within the container caused by the heat
generated during processing; or

• have the diaphragm bonded to an inclined sealing
surface of the container body (as disclosed in EP
0683110 A (CARNAUD METALBOX) 22.11.1995 ),
the inclined sealing surface ensuring that the bond
between diaphragm and container remains predom-
inantly loaded in shear (rather than peel) when sub-
ject to "in-can" pressure.

[0004] A problem specific to the use of an intermediate
ring component is that its manufacture results in material
wastage because the ring is cut from a sheet of metal,
with the central cut-out portion being thrown away.
[0005] There is therefore a need to provide an alter-
native container which has the benefits of using light-
weight lidding material, whilst also being more suitable
for use in positive (and negative) pressure applications

than conventional peelable lidding/closures.

Disclosure of Invention

[0006] Accordingly, for a first aspect of the invention
there is provided a container comprising a tubular metal
can body and a diaphragm, the sidewall of the can body
comprising a circumferential radially-expanded region lo-
cated at one or both ends of the can body, wherein an
outwardly-directed collapsed annular bead is provided in
the expanded region, characterised in that the dia-
phragm is clamped between opposing surfaces of the
collapsed bead to close the end of the container.
[0007] The use of the metal of the can body - via the
opposing surfaces of the collapsed annular bead - to se-
cure the diaphragm by clamping overcomes the tendency
of peelable lidding to progressively peel away from the
container when subject to positive pressures. The clamp-
ing mechanism used by the invention to close the con-
tainer ensures that the diaphragm can sustain both neg-
ative and positive pressures in a better manner than con-
ventional peelable lidding. Therefore, considering the
case of containers for food products requiring sterilisa-
tion, the container of the invention may be processed
within a larger range of retorts with a reduced need for
pressure balancing.
[0008] The use of clamping to secure the diaphragm
also avoids the use of adhesive, heat sealing or other
sealing compounds, and therefore simplifies the manu-
facturing route for the container of the invention com-
pared to containers provided with conventional peelable
lidding. However, whilst the invention can deliver good
seal integrity without the use of sealing compound, im-
proved sealability is provided when using a sealing com-
pound at the interface between the diaphragm and the
opposing surfaces of the collapsed bead.
[0009] Additionally, the invention does not require the
use of the intermediate ring component commonly used
in the manufacture of containers closed with peelable
lidding (see GB 2237259 A), and therefore results in ma-
terial cost savings and a simplified manufacturing route.
[0010] The metal can body is conveniently made of
aluminium or steel; however, other metals may also be
used. The diaphragm is conveniently made from foil
sheet metal, thereby providing flexibility and reduced
weight relative to conventional generally rigid sheet metal
can ends that are seamed onto can bodies. The dia-
phragm may also include one or more polymer coatings/
films on either or both faces of a metal substrate. The
use of such polymer coatings/films may provide a suita-
ble surface for printing of text/graphics and protect the
metal substrate from corrosion. Further, the polymer
coating/film material would act like a gasket when
clamped between the opposing surfaces of the collapsed
bead, with its resilience enabling it to deform and adapt
to the profile of the opposing bead surfaces, thereby help-
ing to develop and maintain a hermetic seal between the
diaphragm and can body. The diaphragm may also be
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made from:

• A barrier plastic material. This is where the dia-
phragm is made wholly from plastics. It includes ei-
ther a single homogeneous layer or a laminate com-
posed of different plastics layers; or

• A composite. For example, good seal integrity has
been achieved using a composite of cardboard, met-
al foil, and polymer coatings (such as the material
used on Tetra Pak® cartons).

[0011] To reduce the risk of cuts to an individual, a
portion of the sidewall of the can body extending between
the collapsed bead and a free edge of the can body is
flattened to lie against the exterior surface of the col-
lapsed bead to provide protection against cuts from the
free edge. This flattening results in the diaphragm being,
in effect, recessed beneath a double thickness of the
material of the can body sidewall. This feature provides
advantages in terms of:

• increased container rigidity; and
• increased protection for the diaphragm (due to the

recessed construction) during handling and trans-
portation of the sealed containers.

[0012] Alternatively, the portion may incorporate one
or more folds (for example, in a concertina-like manner)
which are flattened to lie against the exterior surface of
the collapsed bead. This would further enhance container
rigidity and protection for the diaphragm.
[0013] In a preferred embodiment which would further
enhance protection against cuts to an individual, a portion
of the sidewall of the can body extending between the
collapsed bead and a free edge of the can body , wherein
the portion is wrapped around and under the periphery
of the exterior surface of the collapsed bead so that the
free edge is directed radially inwardly to oppose the ex-
terior surface of the can body sidewall. The protection
from cuts is improved because the free edge is tucked
safely out of the way underneath the collapsed annular
bead and is directed radially inwards towards the exterior
surface of the can body sidewall.
[0014] For ease of opening, it is preferred that the di-
aphragm comprises a score line defining an opening ar-
ea, and a tab for severing the score line.
[0015] According to a second aspect of the invention,
there is provided a method of forming a container, the
method comprising the following steps:

i. radially expanding the sidewall of a tubular can
body at one or both ends of the can body to define
a circumferential radially-expanded region in the
sidewall;
ii. applying a first axial load to the can body whilst
using means adapted to limit radial growth of a free
edge of the can body, so that the circumferential ra-
dially-expanded region partially axially collapses to

form an outwardly-directed open annular bead;
iii. locating a diaphragm relative to the can body so
that the diaphragm locates between opposing sur-
faces of the open annular bead; and
iv. applying a second axial load to the can body to
fully axially collapse the bead to thereby clamp the
diaphragm between the opposing surfaces of the
bead and close the end of the container.

[0016] The invention takes advantage of the fact that
on application of a sufficient axial load to the can body,
the sidewall of the can body will buckle (or collapse).
Formation of the circumferential radially-expanded re-
gion in the sidewall provides a region that is highly sus-
ceptible to buckling or collapse on application of sufficient
axial load. Therefore, the expanded region serves the
function of preferentially controlling where buckling or
collapse of the sidewall will occur.
[0017] By "axial load" is meant a load applied generally
parallel to the longitudinal axis of the can body.
[0018] Preferably, steps i & ii are performed substan-
tially simultaneously. For example, the invention may be
enabled by steps i and ii comprising inserting a flared die
within one or both ends of the can body to apply both
radial and axial loads to the can body, the flared die ter-
minating in a generally radially extending end face, a limit
ring situated adjacent the end face, the limit ring having
a generally axially extending wall to thereby limit radial
growth of the free edge of the can body. It is anticipated
that the method would work as follows:

• Either or both of the flared die and the can body would
be driven towards each other so that the flared die
enters an end of the can body.

• As the flared die enters the end of the can body, the
walls of the die would act against the sidewall of the
can body to thereby apply both radial and axial loads
to the can body sidewall, and progressively radially
expand the sidewall.

• When the die has sufficiently entered the can body,
the free edge of the can body would contact the ra-
dially-extending end face of the die, with further in-
sertion of the die then leading to radial growth of the
free edge along the end face until it contacts the ax-
ially extending wall of the limit ring.

• The limit ring acts as a constraint to further radial
growth of the free edge. Consequently, further axial
movement of the flared die within the end of the can
body would result in the partial axial collapse (or
buckling) of the sidewall in the radially expanded re-
gion, resulting in formation of the outwardly-directed
open annular bead.

• The die would then be removed and the diaphragm
inserted.

• Once the diaphragm has been inserted, a flat plate
(or equivalent mechanical means) may be used to
apply the second axial load to thereby fully collapse
the bead and securely clamp the diaphragm in po-
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sition.

[0019] To enable formation of a container with in-
creased rigidity and cut edge protection, the method may
be modified so that during step ii the circumferential ra-
dially-expanded region is formed to leave a portion of the
sidewall of the can body extending between the partly
collapsed outwardly-directed open annular bead and the
free edge, wherein simultaneously with or subsequent to
step iv the portion is flattened to lie against the exterior
surface of the collapsed bead. This flattening may be
achieved by using a flat plate as referred to above (or
equivalent mechanical means).
[0020] To further increase container rigidity, the por-
tion may be folded back and forth in a succession of folds
(for example, in a concertina-like manner), these folds
then flattened against the exterior surface of the col-
lapsed bead.
[0021] In a further variation to the method of the inven-
tion which would enhance protection against cuts to an
individual, it is preferred that during step ii the circumfer-
ential radially-expanded region is formed to leave a por-
tion of the sidewall of the can body extending between
the partly collapsed outwardly-directed open annular
bead and the free edge, wherein simultaneously with or
subsequent to step iv the portion is folded around and
under the periphery of the exterior surface of the col-
lapsed bead so that the free edge is directed radially in-
wardly to oppose the exterior surface of the can body
sidewall.
[0022] According to a third aspect of the invention,
there is provided an apparatus for forming a container,
the apparatus having:

i. means for radially expanding the sidewall at one
or both ends of a tubular metal can body to define a
circumferential radially-expanded region in the side-
wall;
ii. means for applying a first axial load to the can
body, plus means adapted to limit radial growth of a
free edge of the can body such that during application
of the first axial load the circumferential radially-ex-
panded region partially axially collapses to form an
outwardly-directed open annular bead;
iii. means for locating a diaphragm formed of flexible
lidding material relative to the can body so that the
diaphragm locates between opposing surfaces of
the open annular bead;
iv. means for applying a second axial load to the can
body to fully axially collapse the bead to thereby
clamp the flexible diaphragm between the opposing
surfaces of the bead and close the end of the con-
tainer.

[0023] Preferably, a common entity is used to simulta-
neously both radially expand the sidewall (see i) and ap-
ply the first axial load (see ii). Conveniently, the common
entity is a flared die, the flared die terminating in a gen-

erally radially extending end face, wherein the means to
limit radial growth is a limit ring situated adjacent the end
face, the limit ring having a generally axially extending
wall to thereby limit radial growth of the free edge of the
can body.
[0024] The flared die and limit ring may be separate
components; however, it has been found preferable to
combine the flared due and the limit ring into an integrally
formed single component.

Brief Description of Figures in the Drawings

[0025] Two embodiments of the present invention at
various stages in manufacture are described below and
is illustrated in the following drawings:
[0026] FIGURE 1a relates to a first embodiment of the
invention and shows a cross-section through a can body
of uniform diameter and a flared die before any deforma-
tion of the can body.
[0027] FIGURE 1b is a detail view of figure 1a, more
clearly showing the profile of the flared die.
[0028] FIGURE 2a shows a cross-section through the
can body and the flared die after the die has been driven
within one end of the can body to define an outwardly-
directed open annular bead.
[0029] FIGURE 2b is a detail view of figure 2a, more
clearly showing the profile of the outwardly-directed open
annular bead.
[0030] FIGURE 3 is a detail view of the can body prior
to full collapse of the annular bead by a flat plate, with
the diaphragm located in position between the opposing
surfaces of the open annular bead.
[0031] FIGURE 4a shows a cross-section through the
can body in its final form, with the bead in its fully col-
lapsed state to clamp the diaphragm in position between
opposing surfaces of the bead.
[0032] FIGURE 4b is a detail view corresponding to
figure 4a, but inverted relative to figure 4a.
[0033] FIGURE 5 shows a perspective view of the can
body after the process steps shown in the earlier figures.
[0034] FIGURE 6 relates to a second embodiment of
the invention and corresponds to figure 4b, but adapted
to provide enhanced rigidity and protection against cuts
from the free edge than the first embodiment of the in-
vention.

Mode(s) for Carrying Out the Invention

[0035] As shown in figures 1a & 1b, a cylindrical metal
can body 1 of uniform diameter is initially located with
one end co-axial with a flared die 2 and limit ring 3. The
flared die 2 terminates in a generally radially extending
end face 21 (see figure 1 b) which is curved in profile.
The flared die 2 locates within a recess provided in the
limit ring 3, the recess defined by a generally axially ex-
tending wall 31 extending upwardly from base 32 of the
limit ring (see figures 1 a & 1 b). The periphery of the end
face 21 has a diameter corresponding in size to that of
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the axial wall 31 (see figure 1 b). Therefore, there is little
or no gap between the periphery of the end face 21 and
the axially extending wall 31. In an alternative embodi-
ment not shown in the figures, the flared die and the limit
ring would be integrally formed.
[0036] As indicated in figure 1a, the flared die 2 and
can body 1 are driven towards each other along the lon-
gitudinal axis 11 of the can body (indicated by arrows A
and A), so that the die enters one end of the can body.
In alternative embodiments, only one of the die 2 and the
can body 1 are moved, the other entity remaining sta-
tionary. In the embodiment shown in the figures, a form-
ing operation is performed on the opposite end of the can
body 1 (by means not shown), to provide a flare 12 (as
indicated in figure 2a). The flare 12 enables a conven-
tional sheet metal can end to be seamed to that opposite
end of the can body 1.
[0037] As shown in figures 2a & 2b, as the flared die
2 gradually enters the end of the can body 1, the flared
walls 22 (see figure 2b) of the die act against the sidewall
13 of the can body, thereby progressively radially-ex-
panding the sidewall adjacent the end of the can body.
By the nature of its flared profile, the die 2 is able to
simultaneously apply both axial and radial loads to the
can body 1. When the die 2 has sufficiently entered the
end of the can body 1, the free edge 14 of the can body
contacts the end face 21 of the die, with further insertion
of the die leading to radial growth of the free edge until
constrained by the axially extending wall 31 of the limit
ring 3. Further insertion of the die 2 causes the radially-
expanded region of the sidewall 13 to partially axially
collapse or buckle, resulting in formation of an outwardly-
directed open annular bead 15a (as shown in figures 2a
& 2b). A portion 16 of the sidewall 13 extends generally
axially between the open annular bead 15a and the free
edge 14.
[0038] At this point, the flared die 2 is then removed to
allow insertion of a diaphragm 40 between the opposing
surfaces of the outwardly-directed open annular bead
15a (see figure 3). The diaphragm 40 is formed from
sheet metal, such as aluminium.
[0039] Once the diaphragm 40 is located in position,
a second axial load is applied to the end of the can body
1 by means of a flat plate 50 (indicated in figure 3). In the
embodiment shown, the plate 50 and the can body 1 are
moved towards each other (indicated by arrows B in fig-
ure 3). However, in alternative embodiments just one of
the plate 50 and can body 1 is moved. Sufficient axial
load is applied via the plate 50 to fully axially collapse (or
buckle) the outwardly-directed open annular bead 15a.
The bead in its final fully collapsed state 15b is shown in
figures 4a & 4b. In this state, the periphery of the dia-
phragm 40 is clamped between the opposing surfaces
of the fully collapsed bead 15b to seal the end of the can
body 1. The force exerted by the plate 50 also results in
the portion 16 of the sidewall being flattened 17 to lie
against the exterior surface of the collapsed bead 15b
(see figure 4b). This ensures that the free edge 14 does

not protrude and cause a cut hazard to individuals. The
flattening of the portion 16 against the exterior surface
of the collapsed bead 15b also results in the clamped
diaphragm 40 being recessed a distance ’h’ beneath the
uppermost plane of the can end (see figure 4b). Further-
more, the flattening also results in a triple thickness of
can body sidewall material at that end of the can body 1,
with consequent benefits to container rigidity.
[0040] The container that results from the above proc-
ess steps is shown in figure 5, showing the can body 1
with the diaphragm 40 clamped in position to close one
end of the can body. As can be seen from figure 5, the
diaphragm is formed with a score line 41 to define a pre-
arranged opening area for dispensing of the container’s
contents, with a tab 42 for opening of the prearranged
opening area by severing of the score line. The tab shown
in figure 5 is adhered to the diaphragm by an adhesive.
However, in an alternative embodiment, the tab may be
riveted to the diaphragm.
[0041] In an alternative embodiment shown in figure
6, the portion 16 is greater in length than that of the em-
bodiment of figures 1 to 5. This additional length is nec-
essary to enable the portion 16 to be flattened 17 and
wrapped around and under 18 the periphery of the exte-
rior surface of the collapsed bead 15b (as shown in figure
6), so that the free edge 14 is directed radially inwardly
to oppose the exterior surface of the can body sidewall,
thereby providing enhanced rigidity and protection
against cuts from the free edge.

Claims

1. A container comprising a tubular metal can body (1)
and a diaphragm (40), the sidewall (13) of the can
body comprising a circumferential radially-expanded
region located at one or both ends of the can body,
wherein an outwardly-directed collapsed annular
bead (15b) is provided in the expanded region, char-
acterised in that the diaphragm is clamped be-
tween opposing surfaces of the collapsed bead to
close the end of the container.

2. A container as claimed in claim 1, a portion (16) of
the sidewall (13) of the can body (1) extending be-
tween the collapsed bead (15b) and a free edge (14)
of the can body, the portion flattened (17) to lie
against the exterior surface of the collapsed bead to
provide protection against cuts from the free edge.

3. A container as claimed in claim 1, a portion (16) of
the sidewall (13) of the can body (1) extending be-
tween the collapsed bead (15b) and a free edge (14)
of the can body, wherein the portion is wrapped
around and under (18) the periphery of the exterior
surface of the collapsed bead so that the free edge
is directed radially inwardly to oppose the exterior
surface of the can body sidewall, thereby providing
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enhanced rigidity and protection against cuts from
the free edge.

4. A container as claimed in any preceding claim,
wherein the diaphragm (40) comprises a score line
(41) defining an opening area, and a tab (42) for sev-
ering the score line.

5. A method of forming a container, the method com-
prising the following steps:

i. radially expanding (2) the sidewall (13) of a
tubular can body (1) at one or both ends of the
can body to define a circumferential radially-ex-
panded region in the sidewall;
ii. applying a first axial load (2, A) to the can body
whilst using means (3, 31) adapted to limit radial
growth of a free edge of the can body, so that
the circumferential radially-expanded region
partially axially collapses to form an outwardly-
directed open annular bead (15a);
iii. locating a diaphragm (40) relative to the can
body so that the diaphragm locates between op-
posing surfaces of the open annular bead; and
iv. applying a second axial load (50, B) to the
can body to fully axially collapse the bead (15b)
to thereby clamp the diaphragm between the op-
posing surfaces of the bead and close the end
of the container.

6. A method as claimed in claim 5, wherein steps i & ii
are performed substantially simultaneously.

7. A method as claimed in claim 6, wherein steps i and
ii comprise inserting a flared die (2, 22) within one
or both ends of the can body (1) to apply both radial
and axial loads to the can body, the flared die termi-
nating in a generally radially extending end face (21),
a limit ring (3) situated adjacent the end face, the
limit ring having a generally axially extending wall
(31) to thereby limit radial growth of the free edge of
the can body.

8. A method as claimed in any one of claims 5 to 7,
wherein during step ii the circumferential radially-ex-
panded region is formed to leave a portion (16) of
the sidewall of the can body extending between the
partly collapsed outwardly-directed open annular
bead (15a) and the free edge (14), wherein simulta-
neously with or subsequent to step iv the portion is
flattened (17) to lie against the exterior surface of
the collapsed bead to provide protection against cuts
from the free edge.

9. A method as claimed in any one of claims 5 to 7,
wherein during step ii the circumferential radially-ex-
panded region is formed to leave a portion (16) of
the sidewall of the can body extending between the

partly collapsed outwardly-directed open annular
bead (15a) and the free edge (14), wherein simulta-
neously with or subsequent to step iv the portion is
folded around and under (18) the periphery of the
exterior surface of the collapsed bead so that the
free edge is directed radially inwardly to oppose the
exterior surface of the can body sidewall, thereby
providing enhanced rigidity and protection against
cuts from the free edge.

10. An apparatus for forming a container, the apparatus
having:

i. means for radially expanding (2) the sidewall
(13) at one or both ends of a tubular metal can
body (1) to define a circumferential radially-ex-
panded region in the sidewall;
ii. means for applying a first axial load (2) to the
can body, plus means adapted to limit radial
growth (3, 31) of a free edge of the can body
such that during application of the first axial load
the circumferential radially-expanded region
partially axially collapses to form an outwardly-
directed open annular bead (15a);
iii. means for locating a diaphragm (40) formed
of flexible lidding material relative to the can
body so that the diaphragm locates between op-
posing surfaces of the open annular bead;
iv. means (50) for applying a second axial load
to the can body to fully axially collapse the bead
(15b) to thereby clamp the flexible diaphragm
between the opposing surfaces of the bead and
close the end of the container.

11. An apparatus as claimed in claim 10, wherein a com-
mon entity (2) is used to simultaneously both radially
expand the sidewall (in step i) and apply the first axial
load (in step ii).

12. An apparatus as claimed in claim 10, wherein the
common entity comprises a flared die (2), the flared
die terminating in a generally radially extending end
face (21), wherein the means to limit radial growth
is a limit ring (3) situated adjacent the end face, the
limit ring having a generally axially extending wall
(31) to thereby limit radial growth of the free edge of
the can body.

13. An apparatus as claimed in claim 12, wherein the
flared die and the limit ring
are integrally formed.
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