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Grommet Closure Device

The present invention relates to a grommet closure device for sealing
cable openings through a raised access floor installation, typically used in a data
centre, or similar.

Raised access floors, typically comprising a plurality of floor tiles, are
often used in buildings and offices. In particular, raised floors are often used for
supporting computer equipment in a data centre, or similar, housing a large
number of computer servers and related equipment arranged in cabinets or
racks. Air-conditioning, or similar heat-exchange, means are often provided
underneath the raised access floor structure for cooling the computer equipment
through designated cooling vents provided for the cabinets or racks.

In addition, openings are often incorporated into the raised access floors
to allow for various types of under floor cabling to be fed into the cabinets or
racks for connection to computer equipment housed therein.

In order to maximise cooling of the computer equipment via the
designated vents, it is desirable to restrict the flow of air through the openings
provided for the cables in the raised access floor to prevent cooling air from
leaking out through these holes whereby it will not be directed to the computer
equipment that needs it.

WO 03/023922 discloses a floor grommet closure device for preventing
cooling air from escaping through a cable opening, the device arranged to fit into
an opening in a raised floor and having brushes that extend out from the sides of
the grommet frame across the opening to restrict the flow of cooling air through
the opening whilst allowing cabling to pass through it between the fibres of the
brushes.

A problem with grommet closure devices of this design, however, is that
cabling passing through an opening tends to be pulled fairly tight, which causes
it to follow the shortest path through the opening and run along the sides of an
opening. Due to the brush fibres being secured at the sides of the device,
cabling typically passes through the brush fibres near to their roots, which
causes the brush fibres to substantially distort and separate along their length,
leaving large gaps and pathways through the brushes that cooling air can
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escape through, thereby considerably reducing the effectiveness of the seal
provided by the brushes.

According to the present invention there is provided a grommet closure
device for sealing a cable opening in a raised floor, the device comprising: a
frame structure defining an aperture; and a sealing member having flexible
sealing means attached along its length in cantilever fashion, the sealing
member being arranged to span the aperture such that unattached ends of the
sealing means can extend away from the sealing member and rest on the frame
structure, thereby covering the aperture.

The present invention therefore provides an improved grommet closure
device, with any cabling that is pulled tight against the side of the frame passing
through the unsecured, free, ends of the sealing means (e.g. brush fibres) rather
than the secured roots of the sealing means and hence only the tips of the
sealing means are deflected rather than the whole length. Beneficially, this
arrangement minimises the gaps or openings caused by cabling as it passes
through the sealing means thus preventing cooling air from escaping.

Furthermore, the frame structure preferably has a detachable member to
allow it to be easily fitted around pre-installed cabling in a cable opening. The
sealing member is also, ideally, detachable for similar reasons.

The present invention is, preferably, rectangular with the sealing member
being arranged to span across the centre of the aperture between two ends of
the frame such that the sealing means extend out from the sealing member
across the aperture towards the sides of the frame to seal the cable opening.

The present invention can also be arranged to seal a cable opening
through which cabling can only pass along one side by positioning the sealing
member along the opposite side of the frame structure such that the sealing
means extend towards the side that the cabling is arranged to pass along so that
that the cabling will only pass through the tips of the sealing means and
therefore will not create any large gaps or pathways through which cooling air
can escape.

In any frame orientation, the sealing member should be arranged to span

the aperture such that any cabling will pass through the sealing means near to
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their unsecured tips and as far from the secured root portion of the sealing
means as possible.

The sealing means ideally comprise a plurality of thin, flexible elements
provided along the length of the sealing member on either side. The sealing
means are, preferably detachable from the sealing member to allow different
types of sealing means to be used depending on the application.

Preferably, the sealing member and the frame members can be secured
together using tool-less fixings, which are ideally configured to allow the
components to be quickly secured together or released.

An inner surface of at least one side member of the frame preferably has
a curved portion, in cross-section, for cabling to run along, wherein the radius of
the curved portion is, ideally, greater than the critical bend radius limits of the
cabling passing through it.

Preferably, at least one side member of the frame comprises a plurality of
anchor points for securing cabling to, using cable ties or similar, to ensure that
the cabling runs along the sides of the frames towards the tips of the sealing
means. Preferably, the at least one side member comprises a substantially U-
shaped portion, in cross-section, along which the plurality of anchor points are
provided. Preferably, a plurality of anchor points are provided along the curved
portion of the at least one side member. The anchor points are, preferably, slots
or castellations.

Preferably, a gap is provided along an inner surface of at least one of the
side members for receiving free ends of the sealing means, although they can
equally rest on the surface of the side members and provide a good sealing
effect. Preferably, the gap is created on an inner surface of the at least one side
member between the curved portion and U-shaped portion.

Preferably, the aperture can be partitioned by one or more divider plates,
or similar, to separate different cabling, such as power cabling and data cabling,
passing through the frame.

Preferably, an outer flange is provided around at least part of the frame
for supporting the weight of the frame either when it is fitted into a cable opening,
or when it is fitted over an irregular shaped cable opening.
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The present invention is not limited to use with a raised floor, however,
and may also be used as a grommet closure in walls or bulkheads.

An example of the present invention will now be describéd with reference
to the accompanying drawings, in which:

Figure 1a shows the frame of a grommet closure device according to a
first example of the present invention;

Figure 1b shows the frame of a grommet closure device according to a
second example of the present invention;

Figure 2 shows a detailed view of a side member of the grommet closure
of Figure 1a;

Figure 3a shows an end view of a sealing member with sealing means
attached according to the present invention;

Figure 3b shows a plan view of the sealing member of figure 3a;

Figure 4 shows a grommet closure device according to the first example
of the present invention;

Figure 5 shows a cross-section of a grommet closure device according to
the present invention fitted into a cable opening with cabling passing through it;

Figure 6 shows a cross-section of a grommet closure according to a third
example of the present invention, wherein the grommet closure is arranged to
extend through a cable opening and beneath a raised access floor;

Figure 7 shows a cross-section of an exemplary arrangement comprising
two grommet closures according to the third example of the present invention
mated together to provide a channel between two raised floor or wall structures;

Figure 8 shows a plan view of a grommet closure according to the
present invention with different types of cabling separated by partition plates
fitted;

Figure 9 shows an exploded view of a grommet closure device according
to the present invention being inserted into a cable opening in a raised floor; and

Figure 10 shows an exploded view of a grommet closure device
according to the present invention being placed over a cable opening in an
inverted orientation.
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Figure 1a shows a frame structure 1 of a first exemplary grommet closure
device having a first end member 2a and a second end member 2b connected
by two side members 3 to form a substantially rectangular frame 1. Preferably,
screw means 5, or similar, are used to secure the frame 1 together so that at
least one of the first or second end members 2a, 2b can be detached to allow
the frame 1 to be fitted around pre-existing cabling in a cable opening.

The inner surfaces of the side members 3 have a curved profile in cross-
section and comprise both an upper and a lower portion, which are ideally
arranged to curve towards each other to form a substantially curved outer shape
with a pre-determined radius greater than the critical bend radius limits of the
cabling intended to pass through the grommet closure. At least one of the side
members 3 is provided with a plurality of slots, or is castellated, to provide
anchor points for securing cabling to it using cable ties, or similar.

Figure 1b shows a frame structure 1 of a grommet closure device
according to a second example of the present invention, which is essentially the
same as the first exemplary grommet closure device shown in Figure 1a, with
the addition that anchor points are provided in both the upper and lower portions
of at least one of the side members 3. If both the lower and upper portions are
provided with anchor points, they ideally have a staggered pitch to avoid any
small diameter cabling from slipping into the slots.

In each of the above exampiles, the first and second end members 2a, 2b
of the frame structure 1 are provided with corresponding recesses 4 located at
positions distal from the ends, for securing a sealing member 13 between them.
Other suitable arrangements for securing the sealing member 13 to the frame
structure 1 could, of course, be used.

Figure 2 shows a preferred side member 3 that can be used to form the
frame 1 of the exemplary grommet closure shown in Figures 1a and 1b. The side
member 3 has a shoulder portion 9, which can be used to support the weight of
the floor grommet device when fitted into a suitably sized cable opening. It can
also be seen more clearly in Figure 2 how the inner surface of the side member
3 comprises two portions: a curved overhanging upper portion 7 which is
arranged to extend perpendicular to the outer edge of the shoulder portion 9 and
then curves back reentrantly to provide an inner surface for the side member 3,
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and a substantially U-shaped (in cross-section) lower portion 6 which is arranged
to extend down perpendicularly from the inner edge of the shoulder portion 9.
The curved upper portion 7 and curved lower portion 6 both curve inwardly
towards each other and in doing so provide a gap 8 which can be used to
receive and retain the free ends of sealing means, as will be explained in more
detail further on.

The lower portion 6 of the side member 3 shown in Figure 2 is castellated
to provide anchor points 10, as described above. In this preferred example, the
lower portion 6 is arranged such that “T"-shaped portions cap each anchor point
10 to prevent any securing means from slipping off the anchor points 10 once
secured.

Figures 3a and 3b show an exemplary sealing member 13 having sealing
means 14, preferably in the form of thin, flexible elements, attached along the
sealing member 13 in a cantilever fashion such that first ends of the sealing
means 14 are anchored along the length of the sealing member 13 and second
ends of the sealing means 14 are free to move.

Figure 3a shows a cross-sectional end view of an exemplary two-part
sealing member 13, wherein the sealing means 14 comprises, for example, two
separate brushes, each attached to a spine, as is well known. The spines of
each sealing means 14 are then attached on either side and between the two
parts of the sealing member 13. The view is taken through one of a plurality of
fastening holes 18 that are provided in a spaced arrangement along the length of
the sealing member 13, in both parts. In this example, a fastener 17 is arranged
to pass through each of the fastening holes 18 and acts to hold the two parts of
the sealing member 13 tightly together such that sealing means 14 are securely
held between them.

The fasteners 17 are ideally configured to be quickly and easily released
without tools, such as the one shown, which will allow the sealing member 13 to
be removed from it simply by squeezing the free ends together. Quick-release
fasteners such as these are well known. Of course, screw means and/or
brackets or similar could alternatively be used to secure the sealing means 14 to
the sealing member 13.
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Another arrangement might be for two separate sealing means 14 to be
attached to a single spine, which is then be secured to a sealing member 13 or,
alternatively, a sealing member 13 may be provided which acts as a spine
wherein the sealing means 14 are directly attached to it. A further option is for
the sealing member 13 to be provided with slots along its length on either side
for receiving the spines of the sealing means 14.

Although in this example the sealing means 14 are a pair of brushes, a
skilled person will appreciate that any arrangement wherein the sealing means
14 comprises a plurality of fibrous elements or similar, such as flexible foam
plastic, rubber elements, or extruded plastic, can perform the same function
adequately.

Figure 3b simply shows a plan view of a sealing member 13 with sealing
means 14 attached such that they extend in cantilever fashion.

The sealing member 13 is arranged to be attached to the frame structure
1, extending between the end members 2a, 2b such that, when fitted, the sealing
means 14 extend away from the sealing member 13 in opposing directions
towards the side members 3 of the frame structure 1. The sealing means 14 are
configured to extend to the side members 3 such that the free ends can either
rest on the surface of the side members, or can be retained within the gap 8
provided between the lower portion 6 and upper portion 7 of each side member
3. In doing so, the sealing means 14 substantially cover the entire area of the
frame aperture and hence seal the cable opening.

Although the sealing means 14 are preferably fitted to the sealing
member 13 before it is attached to the frame 1, the sealing means 14 could,
alternatively, be fitted to the sealing member 13 after it is attached to the frame
1.

Figure 4 shows a grommet closure with all of the components attached,
as it might appear when fitted into a cable opening. A sealing member 13, with
sealing means 14 attached, extends across the frame structure 1 between two
end members 2a, 2b. In this example, the sealing member 13 is secured by
screw fixing means into the recesses 4 provided in the end members 2a, 2b,
which are positioned such that, when fitted, the sealing member 13 is located a
distance away from the side members 3, preferably, but not essentially, at a
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central position within the aperture defined by the frame structure 1, whereby the
sealing member 13 passes across the access hole, effectively partitioning it, and
the free ends of the sealing means can rest on the surface of the side members
3, or be retained within the gap 8 provided in them.

Figure 5 shows a cross-section of the grommet closure fitted into a cable
opening provided in a raised floor 11. The shoulder portion 9 on the side
members 3 supports the weight of the grommet closure device, with the lower
portion 6 of the device ideally being configured to be substantially the same
depth as the cable opening. Cabling 12 is shown passing through the device,
pulled tight adjacent the side members 3 as will typically be the case. The
cabling 12 can then be secured to the anchor points 10 using cable ties, or
similar, to ensure that deformation of the sealing means 14 is kept to a minimum.

It can also be seen more clearly in Figure 5 how the side members 3 are
shaped to provide a curved profile for cabling 12 to run along. As mentioned
previously, the radius of the curve formed by the lower portion 6 and upper
portion 7 is, ideally, configured to be greater than the critical bend radius limits of
any cabling that might pass through it, although this will depend on the amount
of space available in the cable opening.

Figure 6 shows a grommet closure device according to a third example of
the present invention fitted in a cable opening in a raised access floor 11. In this
example, however, it can be seen that instead of having a substantially U-
shaped configuration, the lower portion 6 of the side member 3 is configured to
extend down through the cable opening and into the space provided underneath
the raised access floor 11.

Figure 7 shows two devices according to the third example fitted to
parallel floors 11 and arranged such that the lower portions 6 of each side
member mate in the space beneath the floors 11, thereby creating a through-
hole between the two raised floors 11. The lengths of the lower portions 6 of the
side members 3 can be configured as required and the lower portions 6 can
further be provided with lip portions 15, if required, to provide a better seal
between the two abutting grommet closure devices.

Similarly, two such grommet closure devices could be adapted to pass
through walls, a bulkhead, or similar.
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Figure 8 shows a plan view of a grommet closure device according to the
present invention having removable partitions 16 that can be installed to allow
different types of cabling 12, such as data cabling and power cabling to be
separated as it passes through the grommet closure device.

Figure 9 shows an exploded view of a further example of the present
invention, which is very similar to the first example shown in Figure 1a and 1b,
with the exception that an outer flange 17 extends out from the upper portion 7
of the side member 3 and it is this external flange 17 that is arranged to rest on
the surface of the raised floor 11 adjacent to the cable opening to support the
weight of the grommet closure device when it is inserted into a cable opening.

As can be seen, the partition 16, sealing member 13 and sealing means
14 can all be attached to the frame 1 after it has been fitted to a cable opening.

An alternative configuration of the grommet closure device shown in
Figure 9 can be seen in Figure 10, wherein the grommet closure device is used
in an inverted surface-mounted orientation such that the outer flange 17 now
acts as a base which rests on the surface of the raised floor 11 to support the
weight of the grommet closure device above a cable opening. As before, the
partition 16, sealing member 13 and sealing means 14 can be attached to the
frame 1 after it is in position over a cable opening. Beneficially, in this “inverted”
configuration, the grommet closure device can be used with cable openings
having an irregular size and shape which are roughly rough cut to allow cabling
12 to pass through the raised floor 11 while still providing the same sealing
effect.

The inverted configuration avoids the need to re-size the cable opening,
which might otherwise be dangerous due to the proximity of data and power
cabling 12 passing through it. Whilst the frame structure 1 of the grommet
closure device in the inverted configuration will not necessarily be a pre-defined
distance from the edges of the cable opening, it is nonetheless still suitably
positioned to restrict the flow of air through the cable opening in an identical
manner to the “in-hole” orientation shown in Figure 9.

As can be seen, the grommet closure device is configured such that the
removable partitions 16 for separating different cabling 12 will fit into the frame 1
in both the “in-hole” or “inverted” configurations and cabling 12 can be secured
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to the anchor points 10 provided on the side members 3 in either configuration.

Similar to the exemplary grommet closure device of Figure 1b, the side
members 3 of the grommet closure device shown in Figures 9 and 10 may also
be castellated on both the lower portion 6 and upper portion 7, preferably with
staggered pitch to prevent cabling 12 of small diameter from slipping into the
slots. As before, the curved inner surfaces of the side members 3 provide a
continuous curved surface to guide the cabling 12 along a gentle curve, avoiding
sharp bends.

Advantageously, the present invention provides a grommet closure
device which can ensure a good seal across the entire aperture and hence cable
opening. This seal can be maintained the duration that the grommet closure
device is fitted due to any cabling 12 being securable to the side members 3
using the anchor points 10 such that cabling 12 will only pass through, and
hence distort, the free ends of the sealing means 14 that are not attached to the
sealing member 13. Hence cabling 12 will not cause any permanent distortion or
pathways between the elements of the sealing means 14 as it might if it were to
pass through the sealing means 14 adjacent to their roots where they are
attached to the sealing member 13.

Although preferably brush fibres, the sealing means 14 may comprise
flexible foam or rubber elements, extruded plastic elements or the like, which all
provide the advantage that they will deform only at the position that cabling 12
passes through them, typically at their tips, thereby providing a good sealing
effect over the cable opening to restrict the flow of air through it.

The anchor points 10 should be sufficiently robust to be able to take the
strain of large volumes of heavy cabling 12 passing through the grommet closure
device. This will substantially eases the otherwise difficult challenge of man-
handling heavy cable bunches within a rack or cabinets because, once secured
to the frame 1 via the anchor points 10, the grommet closure device takes up
much of the weight of the heavy cabling 12, allowing it to be more easily
manoeuvred or handled.

Also, because the free ends of the sealing means 14 can be retained and
supported by the side members 3 either by resting on an upper surface of the
side member 3 or by being retained in the gap 8, the sealing means 14 are
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prevented from sagging or falling down into the cable opening, thereby ensuring
that a good seal is maintained across the entire aperture and hence cable
opening.

A further advantage of the lower portion 6 of the side members 3 being
arranged in a U-shaped configuration is that the under-edge of the raised access
floor 11 adjacent to the cable opening into which the grommet closure device is
fitted can often have sharp under-edges. The curved lower portion 6 therefore
acts to keep cabling 12 away from the potentially damaging effect of the sharp
under-edge. This prevents damage to the cabling 12, especially during the
installation of cabling 12 where it may be pulled roughly through the cable
opening, which can potentially be very dangerous if the cabling 12 is damaged.

Enabling the sealing member 13 to be attached after the frame 1 is fitted
provides good visibility and access to the cabling 12 when pulling it through the
cable opening and securing it to the anchors 10. Furthermore, the sealing
member 13 can be temporarily removed for any later instance of re-entry into the
grommet closure device.

The grommet closure device preferably has a metal or plastic frame 1
and can be of any suitable size or configuration to fit within a raised floor 11,
depending on the size and configuration of the cable opening. Alternatively, a
grommet closure device according to the present invention can be inverted and
fitted over a cable opening that is not of a regular size or shape to allow the
frame 1 to be fitted into it.

The grommet closure device can similarly be adapted to provide a seal in

or over a cable opening in a wall, partition or similar.
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CLAIMS

1. A grommet closure device for sealing a cable opening in a raised floor,
the device comprising:

a frame structure defining an aperture; and

a sealing member having flexible sealing means attached along its length
in cantilever fashion,

the sealing member being arranged to span the aperture such that
unattached ends of the sealing means can extend away from the sealing
member and rest on the frame structure, thereby covering the aperture.

2. The device of claim 1, wherein the frame is formed of two end members
and two side members, at least one of which is detachable.

3. The device of claim 1 or 2, wherein the sealing member can be is
removably attached to the frame.

4. The device of any preceding claim, wherein the sealing means can be

removably attached to the sealing member.

5. The device of any preceding claim, wherein the sealing means are
comprised of thin, flexible elements.

6. The device of any preceding claim, wherein an inner surface of at least
one side member of the frame has a curved portion for cabling to run along.

7. The device of claim 6, wherein the bend radius of the curved portion is
greater than the critical bend radius limits of the cabling passing through it.

8. The device of any preceding claim, wherein at least one side member of
the frame comprises a plurality of anchor points for securing cabling to.
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9. The device of claim 8, wherein the at least one side member comprises a
substantially U-shaped portion, in cross-section, along which the plurality of
anchor points are provided.

10. The device of claim 8 or 9, wherein a plurality of anchor points are
provided along the curved portion of the at least one side member.

11.  The device of any one of claims 8 to 10, wherein at least part of the at
least one side member is castellated to provide anchor points.

12.  The device of any preceding claim, wherein the inner surface of at least
one side member of the frame is provided with a gap along its length for
receiving and supporting the unsecured ends of the sealing means.

13.  The device of any preceding claim, wherein the frame can be partitioned
to separate different cabling.

14,  The device of any preceding claim, wherein the frame further comprises
an outer flange for supporting the frame when fitted inside or over a cable
opening.

15. A method of sealing a cable opening in a raised floor using a grommet
closure device according to any of the preceding claims, comprising fitting the
frame into or over a cable opening before attaching the sealing member having
sealing means to the frame such that the sealing member spans the aperture
and the sealing means extend out from the sealing member towards a side

member of the frame.
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