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RACK MODULE

The present disclosure relates to a rack module. In particular, it relates to a rack
module for electronic hardware, such as computer server equipment and in particular

hard disk drives.

Background to the Invention

For a number of years racks have been used for mounting electronic equipment
modules including, but not limited to, computer server equipment. Such racks are
standardized frames or enclosures that allow for the mounting of multiple equipment

modules.

Commonly these racks comply to a 19-inch rack standard, wherein cach modulce has

a front panel that is 19 inches (482.6 mm) wide, including edges or ears that protrude
on each side to allow the module to be fastened to the rack frame with screws. The
height of the electronic modules is standardized as multiples of 1.75 inches (44.5 mm)

or one rack unit (U).

The use of racks with computer server equipment is particularly favourable, since it
allows for dense hardware configurations without occupying excessive floor space or

requiring shelving.

Equipment which is commonly accessed for servicing may be mounted via rails (or
slides) rather than directly to the rack, whercin the cquipment module may slide into

the rack along the supporting rails.

Whilst such rail mounted equipment provides improved accessibility for inspection or
maintenance, there remains an access problem when the equipment is mounted high

up, particularly when it is mounted above a user’s eye level.

US2006/0010456 describes a rack mount type storage unit, which is stated as enabling
easy access to recording disk drives. In this unit a plurality of frame members are
provided within a support cabinet. FEach frame member is essentially a drawer
provided on rails, which permit the frame member to slide out of the support cabinet.

Each frame member is attached to these rails, which are provided on guide rails within
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the support cabinet. The frame member and its rails slide out of the cabinet and the
framec member can then pivot about support shafts that arc attachced to, and
perpendicular to, the rails. There are restraint members provided that mean that once
the frame member has been pulled out and allowed to rotate round the frame member
is then stopped at a predetermined angle. The recording disk drives are held within the
frame members in an upright attitude and can be removed from the frame members

once they have slid out and pivoted to an angled position.

FR2622365 relates to a product that has a number of modules, each containing
electrical or electronic equipment. Each module has a drawer in a support rack and
the drawer can rotate about a pivot point located at the middle of the drawer. The

modules are shown mounted onto an elongate support.

DE3426102 describes a cabinet that houses a mounting rack on rails. Components are
placed in the mounting rack. The mounting rack is provided on guide rails which
permit the rack to slide out of the cabinet. The mounting rack and its rails slide
completely out of the cabinet and then the mounting rack can pivot about bolts
attached to the rails. Once the mounting rack has been pivoted it can be removed and

replaced.

US2566064 relates to a cabinet for holding high frequency apparatus. The chassis in
the cabinet is slid out and then rotatably moved between different angled positions on
a slide arm made up of telescoping channel members. The pivoting of the chassis is
about a pivot point on the slide arm, which is located outside the frame when the
rotation occurs. The chassis is moved out and rotated to allow access to controls

bchind the chassis.

US2010/061064 relates to a copper patching assembly that has a shallow tray with
patch-ports mounted thereon. This tray can be slid out of the assembly on a sliding
track that is located mid-way up the height of the frame. The tray is then tilted up or
down to facilitate access to the top face of the tray, with the tray being pivoted

about pins on the sliding track.

DE1183157 describes a cabinet that has pull-out drawers which can slide out and then

pivot downwards. The pivoting is about the axis of locking bolts.
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The present invention arose in a bid to provide an improved rack module.

Summary of the Invention

According to the present invention, in a first aspect, there is provided a module for
mounting in a rack, comprising a frame and a tray, the frame being arranged such that
it may be mounted to the rack, and the tray being slidably and pivotably connected to
the frame, such that the tray may be moved between a first position, in which the tray
is received within the frame and lies substantially parallel to the frame, and a second

position, in which the tray lies outside the frame and at an angle to the frame.

The invention also provides, in a second aspect, a rack unit comprising a rack
provided with one or more modules of the first aspect of the invention. The rack unit
therefore comprises a rack and onc or more of the modules of the first aspect, with the
modules being mounted in the rack. The mounting of the modules in the rack is by the

frame of the module being mounted to the rack.

The invention also provides, in a third aspect, a hard disk drive unit that comprises a
rack unit in accordance with the second aspect, wherein one or more of the modules
has hard disk drives located in its tray. Preferably each of the modules has hard disk

drives located in its tray.

The module of the present invention differs from the products of the prior art in that it
comprises a frame and a tray within that frame, with the tray being moveable relative
to the frame, and with the overall module of framc plus tray then being able to be
mounted within a rack. The module that includes both a frame and a tray is therefore
self-contained and can be removed from within the rack. Many of the prior art
products simply involve a moveable drawer within a rack/cabinet, with the drawer

being moveable with respect to that rack/cabinet.

The use of the module of the invention is beneficial in that the module is a discrete
unit that can be provided separately and replaced readily. The provision of one or
more individual modules within a rack to form a rack unit, wherein the equipment

provided in the rack unit is located within the slidably and pivotably moveable tray(s)
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of the module, means that the tray can be designed for ease of access to the equipment
- which is rclevant when the cquipment is to be scrviced, replaced or the like - whilst
the module overall (frame plus tray) can be designed to meet criteria relevant to

normal use, such as security and ease of cooling the equipment/temperature control.

The prior art did not recognise that having a multi-component module mounted in a
rack would provide this flexibility in terms of meeting both desired criteria for normal

use and desired criteria for servicing/access to the equipment in the rack.

The present invention permits quick access to the equipment provided within the rack
unit, without needing the rack module, as secured to the rack, to be removed. Instead,
the frame of the rack module stays secured to the rack and the tray is simply slid out

and pivoted down to allow access to the equipment.

The module of the invention can be provided with hard drive disks in its tray and can
then stand alone as a computer case for a desktop computer, as well as being able to

be provided in a rack.

Statements of certain optional/preferred features

In one embodiment the tray comprises an upper face, which is arranged to lie parallel
to the plane of the frame, when the tray is in the first position, and to lie at an angle to
the plane of the frame and to face outwards from the frame, when the tray is in the
second position, and wherein the tray is arranged such that components mounted
within thc tray arc accessible from the upper face. It may be that the tray is arranged

such that the components may be removed from the upper face.

In one embodiment the tray is arranged such that, in the second position, the tray lies

perpendicular to the frame.

In one embodiment one or more hot swappable clectronic components are mounted

within the tray.

In one embodiment the module is a hard disk array comprising a plurality of hard disk

drives.
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In one embodiment the tray comprises a plurality of compartments, each compartment
being provided to removably support an clectronic componcent and to provide the
necessary connections to the component. In one such embodiment the module is a hard
disk array comprising a plurality of hard disk drives and each compartment is arranged
to receive a hard disk drive, supporting the hard disk drive therein and providing the

necessary power and data connections to the hard drive.

In one embodiment the frame is arranged to be mounted in a 19 inch rack. It may be

that the frame has a height of 1U or a multiple thereof.

Detailed description of the Invention

The module of the invention is for mounting in a rack. The rack unit of the invention
is a rack provided with one or more modules of the invention. The rack unit therefore
compriscs a rack and onc or morc of the modules of the invention, with the modules
being mounted in the rack. The mounting of the modules in the rack is by the frame

of the module being mounted to the rack.

In one embodiment the rack comprises at least one cavity within which a module of
the first aspect of the invention can fit. Preferably the rack comprises two or more
such cavities, such as three or more, four or more, five or more, six or more, seven or
more, eight or more, nine or more, or ten or more cavities. The cavities may be shaped
and sized to receive a single module of the invention, or they may be shaped and sized
to rcccive morc than onc module of the invention, such as two modules, thrce

modules, four modules, or more.

In one embodiment the rack is provided with a top surface, a bottom surface, a left
hand side wall and a right hand side wall. Optionally it may have a back wall. There
may suitably be one or more shelves (e.g. two or more shelves or three or more

shelves) provided between the top surface and the bottom surface.

There may optionally be one or more dividing walls (e.g. two or more dividing walls
or three or more dividing walls) provided between the left hand wall and the right
hand wall.
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Preferably the walls and surfaces define a number of cavities, wherein the cavities are
shaped and sized to be able to receive a module of the first aspect of the invention can
fit. Preferably there are two or more such cavities, such as three or more, four or
more, five or more, six or more, seven or more, eight or more, nine or more, or ten or
more cavities. The cavities may be shaped and sized to receive a single module of the
invention, or they may be shaped and sized to receive more than one module of the

invention, such as two modules, three modules, four modules, or more.

In the event that the cavities are shaped and sized to receive more than one module of
the invention, they may be such that two or more modules can be stacked on top of
each other and/or they may be such that two or more modules can be located side by

side (in parallel).

The rack may suitably be a rack for mounting electronic equipment modules
including, but not limited to, computer server cquipment and in particular hard disk
drives. Such racks are standardized frames or enclosures that allow for the mounting

of multiple equipment modules.

The rack may, in one embodiment, comply to a 19-inch rack standard, whercin the
rack has cavities and each cavity can receive a module that has a front panel that is 19
inches (482.6 mm) wide, including edges or ears that protrude on each side to allow

the module to be fastened to the rack frame with screws.

The rack may, in onc cmbodiment, be such that cach cavity can rcceive a module with
a height that is a multiple of 1.75 inches (44.5 mm), i.e. one rack unit (U). For
cxample, cach cavity may be sized to receive a module with a height that is 1U, 2U,

3U or 4U.

Preferably the rack has cavities that each have a height that is a multiple of 1.75
inches (44.5 mm), i.e. one rack unit (U). For example, cach cavity may have a height
that is 1U, 2U, 3U or 4U. The skilled reader will appreciate that some degree of
tolerance in this height may, however, be acceptable, and thus the height might not be
an exact multiple of one rack unit. The degree of tolerance may be e.g. + 15%, or +
10%, or + 5%.
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In one embodiment the modules are sized so that more than one module fits across the
width of the rack. For example, it may be that the modules cach have a width such that
two or more, three or more or four or more modules fit across the width of the rack.

These modules may therefore be provided side-by-side in the rack (in parallel).

In another embodiment the modules are sized so that only one module fits across the

width of the rack.

In one embodiment the modules are sized to each have a width of 19 inches. In
particular each module may have a front panel that is 19 inches (482.6 mm) wide,
including edges or ears that protrude on each side to allow the module to be fastened

to the rack frame with screws.

Each module comprises a frame and a tray, the frame being arranged such that it may
be mounted to the rack, and the tray being slidably and pivotably connccted to the
frame, such that the tray may be moved between a first position, in which the tray is
received within the frame and lies substantially parallel to the frame, and a second

position, in which the tray lies outside the frame and at an angle to the frame.

It is envisaged that each module suitably comprises only one frame. However, each
module may comprise a single tray or more than one tray (such as two trays). In the
event that there is more than one tray in a module it is envisaged that these will be
located side by side, such that the trays are parallel to each other, and each may be
moved between a first position, in which the tray is received within the frame and lics
substantially parallel to the frame, and a second position, in which the tray lies outside
the framc and at an angle to the frame. In onc ecmbodiment cach module compriscs a

single frame and one or two or three or four trays.

It is preferred that the modules are such that there is more than one tray across the
width of the rack. This may be (i) by virtue of there being more than one module
across the width of the rack, or (ii) by virtue of there being more than one tray across
the width of each module, or both (i) and (ii). In one embodiment it is by virtue of

there being more than one tray across the width of each module.
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It is beneficial to use a design where there are multiple trays across the width of the
rack, as this allows thc wcight of the contents (c.g. hard disk drives) to be spread over
these trays rather than there being a single drawer across the width of the module

which contains a significantly greater weight of products.

For example, a tray containing a few disks will usually weigh around 2 to 3 kg
(although it will be appreciated by the skilled reader that the exact size of the trays
can be designed as required, and therefore the size and maximum weight of each tray
can be customised). This contrasts with conventional disk arrays (i.e. the whole rack

module) which are quite heavy, weighing of the order of 50kg.

It is therefore easier to manipulate a tray, e.g. in terms of moving it in and out as
required and being able to bear its weight more readily when required during use.
Therefore as compared to prior art systems, where a large drawer takes up the entire
width of thc rack or cabinct, and thercfore can contain significant weight, there is a

clear benefit.

The tray arrangement of the present invention also allows for greater ease of handling
due to the fact that the width of each tray will be less than the width of drawers in
known units, and therefore it is easier for an individual to move the tray as required in

a controlled fashion.

There are also fewer (or no) health and safety issues to be considered with moving a

considerably lower weight item.

In addition, the mechanism that permits movement of the tray in and out of the frame

is easier to construct because of the reduced weight.

The invention is also beneficial in that less space is required in front of the rack unit
to access the equipment in the rack unit, due to only the tray portion of the rack
module moving, in a sliding and pivoting fashion, when compared to needing to slide

out an entire drawer/ rack module to access the equipment.

Preferably, the module of the invention forms a closed box when the tray is in its first

position, in which the tray is received within the frame and lies substantially parallel
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to the frame. Therefore in this configuration any faces of the frame(s) that are open

arc covercd by surfaces of the tray(s).

For example, it may be that the frame is a box shape but with an open end, which in
use allows movement of the tray between its first and second positions, and that when
the tray(s) are in the first position front wall(s) of the tray(s) cover the open end, so

that the module forms a closed box.

Tt is preferred that the frame is not itself a closed box. It is also preferred that the tray
is not itself a closed box. Thus the frame and the tray preferably each have at least one
open face. However, when the tray is provided in the frame these open faces do not

overlap, and thus a closed box is formed.

In one embodiment the tray is open at least on its upper face. This is beneficial in

allowing access to the cquipment provided in the tray.

In one embodiment the frame is open at least one end. This therefore allows the

movement of the tray in and out of the frame, between the first and second positions.

When the tray and frame are combined, however, with the tray in its first position, the

resultant module of the invention forms a closed box.

Some prior art devices simply provide an open drawer to hold the contents, e.g. hard

disk drives. Thercfore there is at lcast an upper surface that is not covered.

The present invention is beneficial because by having a closed configuration the
module presents less electrical hazard, hence it is suitable for end users. Equally there
arc no (or fewer) health and safety issues as consideration does not have to be given to
openly accessibly electrical components. A product that is based on a drawer type
arrangement, which is therefore open all the time at its upper surface, means that the
risk of accidents/malfunctions is greater and the product will not be appropriate for

less specialised /well trained end users.

The design is also less accident prone due to providing a fully enclosed configuration,

and is more durable in production.
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In addition, the provision of an cnclosed configuration for the module allows more
efficient cooling of the components (e.g. hard disk drives), and hence better energy
efficiency and longer life for the components. Achieving sufficient cooling so as to
ensure optimal work temperature is one of the most critical aspects of rack modules

for mounting electronic equipment such as computer server equipment.

In one embodiment the tray is separate from, or separable from, the sliding
mechanism, that permits the tray to move slidably as part of its movement between its
first position and its second position. For example, the sliding mechanism (such as
rails) may be provided on the frame rather than the tray, or may be provided on, but

detachable from, the tray.

This arrangement can be beneficial because the tray can then in itself be a smaller
modular unit that can be removed and replaced as requirecd. When the tray contains
hard drive disks it is essentially a larger virtual hard disk, The tray may for example
contain two or more hard drive disks, e.g. three or more, four or more, five or more,

six or more, seven or more, ¢ight or more, nine or more, or ten or more disks.

In one embodiment the tray is moveable to a second position that is substantially
perpendicular to the frame (i.e. an angle close to 90 degrees, such as from 90 to 100
degrees or from 90 to 95 degrees; preferably from 90 to 93 degrees or from 90 to 92
degrees or from 90 to 91 degrees). This offers optimal access to the equipment when
the rack is tall. When reference is made to the angle of the tray to the frame it will be
understood by the skilled reader that reference is being made to the angle between the
bottom surfacc of the frame (that is, the surfacc that is lowcrmost in usc) and the
bottom surface of the tray (that is, the surface that is lowermost when the tray is in the

first position).

In some embodiments, the tray is moveable to a second position that is at an oblique
angle to the frame. For example, the angle may be from 95 to 170 degrees, preferably

from 100 to 165 degrees, such as from 105 to 160 degrees or from 110 to 150 degrees.

1t may be that the tray is provided with a support leg. The leg may be located such that

when the tray is in its second position the leg contacts an outer surface of the rack.
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The leg may extend from the bottom surface of the tray (that is, the surface that is
lowermost in usc when the tray is in its first position). The leg may be located at or
near to the front face of the tray (that is, the face of the tray that faces out of the rack

in use when the tray is in its first position).

This leg may be of a fixed length or may be extendable, e.g. it may be telescopic. The
leg may have a fixed orientation or it may be moveable (e.g. pivotable) between
orientations. For example, it may lie flat against the bottom surface of the tray (that is,
the surface that is lowermost in use when the tray is in its first position) when the tray
is in the first position and then the user may choose to pivot the leg, so that it can
extend outwardly from the bottom surface of the tray, when the tray is in its second
position. Of course, the user might also choose to leave the leg lying flat against the

bottom surface in that second position as well.

The lcg can be used to prevent the tray from accidentally hitting anything behind it.

The leg may be used to slightly angle the tray when it is in the second position.

The tray may move slidably out of the frame, and slidably back into the frame, by the

use of any sliding mechanism.

It is preferred that the sliding mechanism is located on the bottom surface of the tray

and/or on the inside of the frame for engagement with the bottom surface of the tray.

In onc cmbodiment, the sliding mechanism involves the provision of bearing means,
such as wheels, castors, rollers or the like. These are preferably provided on the
bottom surfacc of the tray. Howcever it could also be cnvisaged that they arc provided

on the inside of the frame for engagement with the bottom surface of the tray.

In one embodiment rails or grooves or tracks or other guide means are also provided,
to assist the sliding of the tray. In the event that the bearing means, such as wheels,
castors, rollers or the like, are provided on the bottom surface of the tray the guide
means are provided on the inside of the frame for engagement with the bearing means.
In the event that the bearing means, such as wheels, castors, rollers or the like, are
provided on the inside of the frame the guide means are provided on the bottom

surface of the tray for engagement with the bearing means.
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The usc of a sliding mcchanism located bencath the tray (either on the bottom surface
of the tray and/or inside the frame for engagement with the bottom surface of the tray
is more efficient in terms of space. It avoids the need for the tray to be longer than the

frame, as would be required by using slides located on the sides of the tray.

The use of a sliding mechanism located beneath the tray also minimises the travelling
distance of any connecting cable that connect equipment within the tray with other
equipment or with a power source. The connecting cables will not need to extend

beyond the inside of the frame.

The tray may pivot with respect to the frame by the use of any pivoting mechanism.

It is preferred that the pivoting mechanism involves pivoting about a bearing means,

such as a wheel, castor, roller or the like.

Preferably the position of the pivot is either vertically aligned with or behind the back
edge (that is, the edge of the tray that faces into the rack, in use when the tray is in its
first position) of the top surface of the tray (that is, the surface that is uppermost in
use when the tray is in its first position). In one embodiment the position of the pivot

is at the back edge of the bottom surface of the tray.

The provision of the pivot point at a location that is aligned with or behind the top
surface of the tray allows cfficicnt use of the spacc. This is because the frame then
does not need to have a greater height than the tray allow enough space for the

pivoting action.

Preferably the pivoting action occurs at or near the open front face of the frame (that
is the face of the frame that faces out of the rack, in use).In particular the pivoting
action may suitably occur at or near the edge where the open front face of the frame

meets the bottom surface of the frame.

The back surface of the tray (that is, the surface of the tray that faces into the rack, in
use, when the tray is in its first position) may be perpendicular to the bottom surface

of the tray.
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However, in a preferred embodiment the back surface is at an oblique angle to the
bottom surface of the tray, ¢.g. at an angle of from 40 to 85 degrees, such as from 45
to 75 degrees, preferably from 50 to 70 degrees. Thus the back ecdge of the bottom
surface of the tray is located behind (further into the rack) the back edge of the top

surface of the tray. The use of an angled back brings more structural integrity.

The tray may be provided with a locking mechanism to secure it in the first position.
The user can then unlock the locking mechanism when it is desired to move the tray
into the second position. The use of a locking mechanism prevents the tray from
sliding out accidently. Any known locking mechanism may be used, such as a locking
mechanism based on male and female connectors (¢.g. holes and lugs) that can be

engaged together and released apart as required.

Prcferably, the tray compriscs an upper face, which is arranged to lic parallel to the
plane of the frame, when the tray is in the first position, and to lie at an angle to the
plane of the frame and to face outwards from the frame, when the tray is in the second
position, and wherein the tray is arranged such that components mounted within the
tray are accessible from the upper face. Preferably, the components may be removed

and/or inserted from the upper face.

Most preferably, the tray is arranged such that, in the second position, the tray lies
perpendicular to the frame. The tray may be arranged such that it can be locked at any

desired angle between the first and sccond positions.

Onc or morc hot swappable clectronic components may be mounted within the tray.

Preferably, the module is a hard disk array comprising a plurality of hard disk drives.

The tray may comprises a plurality of compartments, each compartment being
provided to removably support an electronic component and to provide the necessary
connections to the component. Each compartment may be arranged to receive a hard
disk drive, supporting the hard disk drive therein and providing the necessary power
and data connections to the hard drive. The compartments, preferably, being

accessible from the upper face as described above.
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The frame may be arranged to be mounted in a 19 inch rack. The frame may have a

hcight of 1U or a multiple thereof, i.c. 2U, 3U, 4U, ctc.

The frame may receive more than one tray. A plurality of trays may be provided in

each frame in a side by side and/or stacked arrangement.

According to the present invention, in a further aspect, there is provided a rack, which

houses one or more modules as recited in any of the statements above.

Description of the drawings

Non-limiting embodiments will now be described, by way of example only, with

reference to the accompanying drawings, in which:-

Figure 1 shows a plan view of a rack modulc in a first, closcd, position;

Figure 2 shows a partially cutaway side view of the rack module in the first position;
Figure 3 shows a front view of the rack module in the first position;

Figure 4 shows a plan view of the rack module in a second, open, position;

Figure 5 shows a partially cutaway side view of the rack module in the second
position;

Figure 6 shows a front view of the rack module in the second position;

Figure 7 shows a an exploded perspective view of a second embodiment of the rack
module, to illustrate the rack module and the rack in which it is mounted;

Figure 8 shows a sidc vicw of thc sccond cmbodiment of the rack module in a
position where the tray has been slid out but not pivoted;

Figure 9 shows a sidc vicw of thc sccond cmbodiment of the rack module in a
position where the tray has been slid out and pivoted into the open position;

Figure 10 shows a side view of a third embodiment of the rack module in a position
where the tray has been partially slid out but not pivoted;

Figure 11 shows a side view of the third embodiment of the rack module in a position
where the tray has been slid out and pivoted into the open position;

Figure 12 shows a rack unit which comprises a rack containing rack modules of the
invention, with the trays in the closed position;

Figure 13 shows a rack unit which comprises a rack containing rack modules of the

invention, with one tray in the open position;
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Figure 14 shows a side view of a fourth embodiment of the rack module in a position
wherc the tray has been partially slid out but not pivoted;

Figure 15 shows a side view of the fourth embodiment of the rack module in a
position where the tray has been slid out and pivoted into the open position;

Figure 16 shows a front view of the fourth embodiment of the rack module;

Figure 17 shows a side view of a fifth embodiment of the rack module in a position
where the tray is in the closed position;

Figure 18 shows a side view of the fifth embodiment of the rack module in a position
where the tray has been slid out and pivoted into the open position;

Figure 19 shows a front view of the fifth embodiment of the rack module;

Figure 20 shows a side view of a sixth embodiment of the rack module in a position
where the tray has been partially slid out but not pivoted;

Figure 21 shows a side view of the sixth embodiment of the rack module in a position
where the tray has been slid out and pivoted into the open position;

Figure 22 shows a front view of the sixth embodiment of the rack module; and

Figure 23 shows a side view of a tray that can be used in the rack module, where the

tray has a back face that is perpendicular rather than angled.

Referring to Figures 1| to 6, there is shown a rack module according to a first

embodiment.

The rack module comprises a frame 1 and a tray 2. The frame is arranged such that it
may be mounted to a rack (not shown). The tray is slidably and pivotably mounted to
the frame, such that the tray may be moved between a first, closed, position (as shown

in Figures 1 to 3) and a second, open, position (as shown in Figures 4 to 6).

In the first position, the tray is received within the frame and lies substantially parallel
to the frame, which is preferably mounted in the rack such that it is horizontal in use.
In the second position, the tray lies outside the frame and at an angle to the frame.
Here, in the second position, the tray lies perpendicular to the frame, however, in
alternative embodiments, it may be arranged to lie at an oblique angle to the frame.
The tray may be arranged such that it may be locked at a range of angles between an

extended parallel position and the perpendicular position depicted.
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The frame is preferably arranged to fit within a standard 19 inch frame rack. Frames,
and thercby trays, of various depths arc possiblc. The depth of the frame will be
largely dependent on the components that the tray is arranged to receive. To conform
to the 19 inch rack standard, the frame will have a minimum depth of 1U (1.75 inches

(44.5 mm)). It may, however, have a depth of multiple Us, i.e. 2U, 3U, 4U, etc.

The frame is preferably provided with edges or ears (not shown) that protrude on its
vertically extending front side edges to allow the module to be fastened 5 to a rack

with screws in the conventional manner.

The frame may take any suitable form that allows it to be retained within a rack and to
slidably and rotatably receive the tray. The frame, as depicted, is preferably

substantially rectangular.

The frame, as discusscd, rcccives the tray. Most preferably, the tray is connccted to
the frame via slide rails, which permit a sliding movement between the tray and the
frame, i.e. reciprocal motion in the plane of the frame with the tray and the frame
parallel to one another, and a pivotal movement between the tray and the frame, i.e.
rotary motion to place the tray at an angle to the plane of the frame. The arrangement
is such that pivotal movement is only possible once the tray has been slid to lie

outside the frame.

Any suitable connecting mechanism may be implemented that permits such movement.

In the figures, the connecting mechanism 3 is shown as a wheel mechanism.

An cxemplary connecting mechanism compriscs first, sccond, third and fourth pairs of
slide rail members. The first slide rail members are fixed to the frame and are
arranged to slidably receive a second pair of slide rail members. The second pair of
slide rail members slidably receive a third pair of slide rail members. The third slide
rail members are connected to a fourth pair of slide rail members. The fourth slide rail
members are fixed to the tray. Conventional stop means are provided to prevent
detachment of the first, second and third slide rail members. The third and fourth slide

rail members are pivotally connected to one another.
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The third and fourth slide rail members are connected by a lockable pivoting
conncction. The connection allows for a first position in which the third and fourth
slide rail members are parallel to one another and the tray is maintained parallel to the
frame such that it may be slidable received thereby. The connection further allows for
at least one further position in which the third and fourth slide rail members are not
parallel but are at an angle to one another following a rotational movement about the

pivoting connections.

Most preferably this further position is perpendicular to the frame, as shown in
Figures 4, 5 and 6. Rotational movement about the pivoting connections is only
possible following relative sliding movement between the slide rails to bring the tray

clear of the frame.

An arrangement may be provided, which features a locking mechanism that permits
the tray to be locked relative to the frame at any desired angle between parallel and

perpendicular.

The lockable pivoting connection may take any suitable form, as will be readily
appreciated by those skilled in the art. In one possible arrangement, ecach of the fourth
slide rails is provided with a pair of spaced lugs that are arranged to be received in
respective first and second slots provided in a respective one of the third slide
members. The first slot is closed and extends parallel to the longitudinal axis of the
third slide member and the second slot is open at its upper end and extends
substantially perpendicular to the first slot. By such arrangement, when cach pin is
located in its respective slot, the third and fourth slide rail members are maintained
parallel to onc another. With the sccond pin removed from the sccond slot the third
and fourth slide rail members may be pivoted relative to one another, which allows the

tray to be brought perpendicular to the frame, as shown in Figures 4 to 6.

Pivotal movement between the third and fourth slide rail members is effected as
follows:

1) the fourth slide rail is pivoted relative to the third slide rail about the first pin
(which is held in the first, closed, slot) to remove the second pin from the second,

open, slot;
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2) the fourth slide rail member is slid relative to the third slide rail member (with the
first pin travclling in the first, closed, slot) until the sccond pin is clear of the third
slide rail member; and

3) the third and fourth rail members are pivoted relative to one another to bring the
fourth slide rail member perpendicular to the third slide rail member (and thereby to

bring the tray perpendicular to the frame, as illustrated in Figures 4 to 6).

The tray is provided with a front face, which is preferably substantially vertical when
the module is in the first position, and which is preferably provided with a handle 4,
as shown in the figures, which may be grasped by a user to effect sliding and pivotal

movement.

The tray comprises an upper face, which, as shown in the Figures is arranged to lie
parallel to the plane of the frame, when the tray is in the first position, and to lic at an
angle to the planc of the frame (most preferably perpendicular, as shown in Figures 4
to 6) and to face outwards from the frame, when the tray is in the second position. The
tray is arranged such that clectronic components mounted within the tray are

accessible from the upper face.

This is an important aspect of the present invention, which allows an increased density

of removable/serviceable components and, moreover, casy access.

In the depicted embodiment, the module is arranged as a hard disk array, which
featurces a plurality of compartments 6 (48 compartments arc provided in the depicted
arrangement), each of which is provided to removably support a hard disk drive that
may be inserted and removed through the upper face of the tray, which upper face may
be angled for easy access by pivoting the tray, as discussed above and depicted in
Figures 4 to 6. The hard drives of the array are preferably arranged to be hot
swappable in the normal manner, as will be understood by the skilled person. The hard
disk drives may be provided in casings that are arranged to be received by the
compartments. The tray is arranged so that the necessary data and power connections

arc provided in each compartment.

1t should be appreciated, however, that the present invention is not limited to hard

disk arrays.
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Whilst thc module described above compriscs a frame for recciving a single tray, it is
possible that more than one tray will be received by each frame. Frames may be

arranged to receive two or more trays is a side by side and/or stacked arrangement.

As will be readily appreciated by those skilled in the art, alternative configurations of
the rack are possible. For example, alternative sliding/pivoting mechanisms will be

readily envisaged by the person skilled in the art.

Referring to Figures 7 to 23, there are shown further rack modules according to the
invention. In some Figures, rack modules 11 according to the invention can be seen in

use in a rack 10, to provide a rack unit.

The rack module 11 comprises a frame 12 and a tray 13. The frame is arranged such
that it may bc mounted within a rack 10. The tray is slidably and pivotably mounted to
the frame, such that the tray may be moved between a first, closed, position (as shown
in Figures 12 and 17) and a second, open, position (as shown in Figures 7, 9, 11, 13,
15, 18 and 21). It can be seen from Figures 8, 10, 14 and 20 that the tray moves
between the first and second positions via a position where the tray has been partially

or fully slid out of the frame but not pivoted.

In the first position, the tray is received within the frame and lies substantially parallel
to the frame, which is preferably mounted in the rack such that it is horizontal in use.
In the sccond position, the tray lics outside the frame and at an angle to the frame. It
can be seen that in the second position the tray may lie perpendicular to the frame (as
in Figures 7, 11, 13, 15, 18, 21), howcver, in altcrnative cmbodiments, it may bc

arranged to lie at an oblique angle to the frame (as in Figure 9).

The tray may be arranged such that it may be locked at a range of angles between an
extended parallel position and the perpendicular position or other position outside the

frame and at an angle to the frame.

A leg 17 may be provided on the tray (as shown in Figure 9). The leg may be located

such that when the tray is in its second position the leg contacts an outer surface of
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the rack. As can be seen in Figure 9, the leg may extend from the bottom surface of

the tray, being located at or near to the front face of the tray.

The leg can be used to prevent the tray from accidentally hitting anything behind it.
The leg may be used to slightly angle the tray when it is in the second position, as

shown in Figure 9.

The frame is preferably arranged to fit within a standard 19 inch frame rack. Frames,
and thereby trays, of various depths are possible. The depth of the frame will be
largely dependent on the components that the tray is arranged to receive. To conform
to the 19 inch rack standard, the frame will have a minimum depth of 1U (1.75 inches

(44.5 mm)). It may, however, have a depth of multiple Us, i.e. 2U, 3U, 4U, etc.

The frame is preferably provided with edges or ears (not shown) that protrude on its
vertically cxtending front side cdges to allow the module to be fastened to a rack with

fastening means such as screws or the like in the conventional manner.

The frame may take any suitable form that allows it to be retained within a rack and to
slidably and rotatably receive the tray. The frame, as depicted, is preferably

substantially rectangular.

The frame, as discussed, receives the tray and the tray is slidably and pivotably

connected to the frame.

The tray may move slidably out of the frame, and slidably back into the frame, by the
usc of any sliding mcchanism. The Figurcs 7-11 and 14-22 show various suitable
sliding mechanisms, although these are not limiting. It can be seen that the sliding
mechanism is preferably located on the bottom surface of the tray and/or on the inside

of the frame for engagement with the bottom surface of the tray.

Preferably the sliding mechanism involves the provision of bearing means 14, such as
wheels, castors, rollers or the like. These are provided on the bottom surface of the
tray and/or on the inside of the frame for engagement with the bottom surface of the
tray. The Figures show the bearing means as wheels but it will be appreciated that this

is not the only workable option for the bearing means.
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Prcferably the sliding mechanism includes guide mcans 15 to assist the sliding of the
tray. These may be rails or grooves or tracks or the like. The Figures show the guide
means as tracks or slide rails but it will be appreciated that this is not the only

workable option for the guide means.

The tray may pivot with respect to the frame by the use of any pivoting mechanism. It
is preferred that the pivoting mechanism involves pivoting about a bearing means 14,

such as a wheel, castor, roller or the like.

Preferably the position of the pivot 14 is either vertically aligned with or behind the
back edge of the top surface of the tray (see for example Figures 8/9 and 14/15). In
one embodiment the position of the pivot is at the back edge of the bottom surface of

the tray.

In one embodiment the tray is connected to the frame via slide rails, which permit a
sliding movement between the tray and the frame, i.e. reciprocal motion in the plane
of the frame with the tray and the frame parallel to one another, and a pivotal
movement between the tray and the frame, i.e. rotary motion to place the tray at an
angle to the plane of the frame. The arrangement is such that pivotal movement is only
possible once the tray has been slid to lie outside the frame. Any suitable connecting
mechanism may be implemented that permits such movement. In the figures, the

connecting mechanism is shown as a wheel mechanism.

Rotational movement about the pivoting connections is only possible following
rclative sliding movement in respect of the guide means, to bring the tray clear of the

frame.

As discussed above, an arrangement may be provided that features a locking
mechanism that permits the tray to be locked relative to the frame at any desired angle
between parallel and perpendicular. The lockable pivoting connection may take any

suitable form, as will be readily appreciated by those skilled in the art.

In some embodiments the sliding mechanism may include a stopper 18 as shown in

Figures 20 and 21.
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The module of the invention forms a closed box when the tray is in its first position,
in which the tray is received within the frame and lies substantially parallel to the
frame. As can be seen in the Figures, the tray is open at least on its upper face (which
is beneficial in allowing access to the equipment provided in the tray) and the frame is
open at least one end (allowing movement of the tray in and out of the frame, between
the first and second positions) but when the tray and frame are combined, with the

tray in its first position, the resultant module of the invention forms a closed box.

The tray is provided with a front face, which is preferably substantially vertical when
the module is in the first position, and which is preferably provided with a handle 16,
as shown in the figures, which may be grasped by a user to effect sliding and pivotal

movement.

The tray compriscs an uppcr face, which, as shown in the Figurcs is arranged to lic
parallel to the plane of the frame, when the tray is in the first position, and to lie at an
angle to the plane of the frame (most preferably perpendicular, as shown in Figures 4
to 6) and to face outwards from the frame, when the tray is in the second position. The
tray is arranged such that eclectronic components mounted within the tray are

accessible from the upper face.

This is an important aspect of the present invention, which allows an increased density

of removable/serviceable components and, morcover, casy access.

In Figures 12 and 13 the module is arranged as a hard disk array. The product shown
in thesc Figures is a hard disk drive unit that compriscs a rack 10 in accordance with
the invention, wherein one or more of the modules 11 has hard disk drives 19 located

in its tray 13.

The tray may include a plurality of compartments, each of which is provided to
removably support a hard disk drive that may be inserted and removed through the
upper face of the tray, which upper face may be angled for casy access by pivoting the

tray, as discussed above.
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The hard drives of the array are preferably arranged to be hot swappable in the normal
manncr, as will be understood by the skilled person. The hard disk drives may be
provided in casings that are arranged to be received by the compartments. The tray is
arranged so that the necessary data and power connections are provided in each

compartment.

It should be appreciated, however, that the present invention is not limited to hard

disk arrays.

Whilst the modules described and shown comprise a single frame for receiving a
single tray or two trays, it is possible that other numbers of trays can be received by
each frame. Whilst Figures 12 and 13 show an embodiment where two trays are
provided in a side by side arrangement, it will be understood that frames may be
arranged to receive two or more trays (e.g. three or more or four or more trays) in a

side by side and/or stackced arrangement.

As will be readily appreciated by those skilled in the art, alternative configurations of
the rack are possible. For example, alternative sliding/pivoting mechanisms will be

readily envisaged by the person skilled in the art.
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CLAIMS

1. A module for mounting in a rack, comprising a frame and a tray, the frame being
arranged such that it may be mounted to the rack, and the tray being slidably and
pivotably connected to the frame, such that the tray may be moved between a first
position, in which the tray is received within the frame and lies substantially parallel
to the frame, and a second position, in which the tray lies outside the frame and at an
angle to the frame.

2. The module of claim 1, wherein the tray comprises an upper face, which is arranged
to lie parallel to the plane of the frame, when the tray is in the first position, and to lie
at an angle to the plane of the frame and to face outwards from the frame, when the
tray is in the second position, and wherein the tray is arranged such that components
mounted within the tray are accessible from the upper face.

3. The module of claim 2, wherein the tray is arranged such that the components may
be removed from the upper face.

4. The module of any one of the preceding claims, wherein the tray is arranged such
that,

in the second position, the tray lies perpendicular to the frame.

5. The module of any one of the preceding claims, wherein one or more hot swappable
electronic components are mounted within the tray.

6. The module of any one of the preceding claims, wherein the module is a hard disk
array comprising a plurality of hard disk drives.

7. The module of any one of the preceding claims, wherein the tray comprises a
plurality of compartments, cach compartment being provided to removably support an
electronic component and to provide the necessary connections to the component.

8. The module of claim 7, when dependent on claim 6, wherein cach compartment is
arranged to receive a hard disk drive, supporting the hard disk drive therein and
providing the necessary power and data connections to the hard drive.

9. The module of any one of the preceding claims, wherein the frame is arranged to be
mounted in a 19 inch rack.

10. The module of claim 9, wherein the frame has a height of 1U or a multiple thereof.
11. The module of any one of the preceding claims wherein there is more than one
tray across the width of the module.

12. The module of any one of the preceding claims wherein the module forms a closed

box when the tray is in its first position.
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13. The module of any one of the preceding claims wherein the tray pivots with
respect to the frame about a bearing means.

14. The module of any one of the preceding claims wherein the tray pivots with
respect to the frame about a pivot point that is either vertically aligned with or behind
the back edge of the top surface of the tray.

15. The module of any one of the preceding claims wherein the back surface of the
tray is at an acute angle to the bottom surface of the tray.

16. A rack unit comprising a rack provided with one or more modules as defined in
any one of the preceding claims.

17. The rack unit of claim 16 wherein the rack comprises two or more cavities within
which one or more modules can fit.

18. The rack unit of claim 17 wherein the rack comprises two or more cavities and
wherein one or more modules are mounted in each cavity.

19. The rack unit of claim 17 or 18 wherein the cavities each have a height that is a
multiple of 1U.

20. The rack unit of any one of claims 16 to 19 wherein there is more than one tray
across the width of the rack.

21. A hard disk drive unit that comprises a rack unit as defined in any one of claims
16 to 20, wherein one or more of the modules has hard disk drives located in its tray.
22. A module as hereinbefore described with reference to, and/or as illustrated by, the

accompanying drawings.
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