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MODULAR HOUSING

The present invention relates to a modular housing and more

particularly to the packaging and cooling of replaceable electrical units

in such a housing.

A current trend in the design of electrical systems is to modular

system configurations wherein individual electrical units of the system

" are readily accessible and in some cases customer removable. The use of
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that the system ‘life support' functions e.g. cooling and power continue .

modular designs provides a number of different advantages. Manufacture

and assembly is made simpler in that each unit can be manufactured and ..

tested separately before being assembled in the complete system.
Furthermore, if a removable unit becomes defective, it can be readily

removed for repair and replaced with a working device. A tvpical multi-

component system of this type is a computing system in which data storage

devices, processing hardware, power supplies and cooling fzns are

contained within a single support structure.

Although ease of removability of individual devices is facilitated

using a modular configuration, the removal and replacement of a device

usually requires the system to be closed down thus reducing the amount of’

time for which the system is available. It would be desirable if &
defective device could be removed and replaced whilst the system
continued to function. In order to achieve this the system design should

permit easy access to removable devices while at the same time ensuring

" to operatél-iéking the example of disk file data storage system
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comprising removable disk files and associated power and cooling units,
such systems are currently available which allow for the replacement of
one or more of the disk files while maintaining operation of the

remaining disk files. However, removal and replacement of a failed
cooling fan or power supply generally necessitates the shutting down of’

the whole system.

It is increasingly common that such mocdular systems are required

conform to a industry standard size in order that they fit within an

- s . ]
subsystems, one challenge faced by the designer of the subsystem gpower

-

and packaging is to achieve a high packaging density within the available
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space in order to provide a high value for the ratioc of megabytes to unit

volume.

" The designing of a systém which allows easy replacement of system
subassemblies with continued system availability and high subassembly
packaging density is an ongoing problem and one which is difficult to

achieve in practice.

The present invention seeks to provide a solution to this problem
and accordingly provides a modular housing for first and second groups of
replaceable heat-generating functional units, comprising: a support
structure for supporting the two groups of functional units in the
housing comprising a chassis in the form of rectangﬁlar.tube having first
and second openings at opposite ends thereof, and incliuding first and
second compartments separated by an internal wall extending-
longitudinally at least part way along the length of the chassis to
accommodate the first and second qrodp of functional units within the
first compartment on opposite 51des of a central compartment of the
chassis so as to be respectlvely removable via the first and second
openings; at least two replaceable cooling units, which are removable via
one of said chassis openings without removing either of the groups of
functional units, the cooling units being locatable within the second
compartment of the support structure adjacent to the central compariment

in such a position that in operation they serve to draw air past the

- first group of units, through the cooling units and past the second cgroup

of units.

With such a housing arrangement it is mechanically possible to
remove selected functional units (e.g. data storage units) or cooling
units without disturbing the remaining units. When one of the cooling

units is removed, the other cooling unit will continue.to operiate and

will provide cooling for the functional units. Furthermore, where the

modular housing takes the form of a rack mountable drawer, it is poss-nle

the drawer wltbOLt the need to remove the drawer from the rack. 1
necessary the remaining cocling unit or units may be erranged to
compensate for the removal of a' coeling unit e.g. by ingreasing the

rotational speed of the remaining fan.

-
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Althouéh in some subsystems, the power supply to the functional
and cooling units may be located outside of the housing, a preferred
housing further includes at.least two replaceable power supply units
arranged within the second compartment of the chassis and removable via
one of the chassis bpenings. If one of the power supply units is de§igned
to provide sufficient power for the whole subsystem then it is possible
to remove a defective power supply w1thout impacting the operatlonal

availability of the subsystem.

In one configuration of the housing, the cooling units and power
supplies are separate assemblies which can be removed from the chassis
via different chassis openings. However in a preferred arrangement, a.
cooling unit is mounted in tandem with a power supply unit to form z
single assembly which can be removed via one of the chassis openings as a
single field replaceable unit. This configuration permits easier access

to the cooling unit buried in the centre of the housing.

It would be possible to use an axial fan to provide cooling of the

‘housing. -However in practice it has been found to be advantageous in

terms of space to employ a centrifugal fan. It is preferred that each
cooling unit comprises a centrifugal fan including an air inlet for
receiving cooling air from the direction cf the first group of
replaceable units and deflection means arranged at the air outlet thereof
to deflect a proportion of the air exiting the fan towards the second
group of functional units. For the combined cooling unit and power supply
arrangement, the flap is designed such that a proportion of the cocling
air léavihg the fan is undeflected by the flap in order to provide

cooling for the power supply located downstream cf the fan

In the ccmbined cooling and power supply unit, the flap which acts

kn

to divert a proportion of the cooling air towards the functional units o
the second group is preferably arranged in the combined unit betwezn the
fan outlet and the power supply. It is preferred that the flzp acts =z

valve in the event of failure of the cocling fan to close the outle: fan

aperture.

Preferably a shutter arrangement is provided in the chassis keiween
first anhd seccnd compariments which closes on removal of & fan/power

supply unit to prevent unwanted recirculaticn of air.
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Although the functional units of the first and second groups may bé
individually pluggable into the chassis, it is preferred that the
functional units of each of the first and second group are removably

loaded into a replaceable module which includes autoplugging connectors

-at one end for mating with correspoh&ing connectors within the central

compartment of the housing. This arrangement permits the removal of the

individual functional units and as a complete disk pack module.

A preferred embodiment of the invention will now be described, by
way of example only, with reference to the acéompanying drawings in
which:

Fig. 1 is a front perspective view of a data Storége subsystem with

the main components shown in exploded formation;

Fig. 2 is a front ﬁerspective view of the chassis of the data

storage subsystem of Fig. 1;

Fig. 3 is a front perspective view of the data étorage subsystem of -

Fig. 1 with the front disk pack module shown in a partially inserted

position;

Fig. 4 is a rear perspective view of three combined power supply

and cooling units;

Fig. 5 shows a fan of one of the combined power supply and'cooling'

units;

Fig. 6 is a rear perspective view of the data storage subsystem

showing the combined power supply and cooling units in inserted position;

Figs. 7A and 7B are sectional schematic views of the subsystem cf

Fig. 1 showing the direction of cooling air flow through the chassis;:

Fig; 8 is a top view of the subsystem of Fig.l showing the

direction of cooling air flow through the chassis.

Referring first to Figure 1 there is shown a data storage subsystem
comptising a chassis 10 in the form of & partially encleosed rectangular

tube. The chassis is a support structure for a pair of disk pack modules

This Sheet Has Been Repl
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10,20 which are removably mountable in the chassis. Each disk pack module
includes eight removable disk files 40. The storage subsystem further
comprises three combined power supply and cooling units 50 each of which
incorporates a cooling fan 60 and a power supply 70. Also shown in Figure
1 are three sliding plates 80, the purpose of which will be explained

below.

As can be seen in Figure 2, the chassis 10 includes two side walls
102,104. Extending between the two side walls is a longitudinally
extending shelf 106 which divides the chassis into two main regions - a
lower duct 108 and anh upper duct 110. As can be seen to better effect -in
Figure 8, included in the front section of the shelf are three grills-
111, 112-and 113 which lie in front of three circular apertures 118, 120
and 122. Behind the circular apertures are three rectangular apertures
124, 126 aﬁd 128. The purpose of the grills and the central and

rectangular apertures will be explained below.

) Referring now to Figure 3, the disk pack modules 20, 30 are each
slidably mountable on runners (126 and 128 in Fig. 2) onto the chaésis
shelf. In Figure 3, disk pack 20 is shown partially inserted into a front
bay of the chassis and disk pack 30 is shown fully inserted into a rear
bay of the chassis. When the modules are fully inserted, the top surfaces
32,34 of the modules cooperate with a central cross member 116 extending
across the top of the chassis to form the top surface of the subsystem.
Each disk pack module includes auto-docking connectors (not shown) which
mate with corresponding connectors (also not shown) located within a o
'céntral fégion'of‘ihe upper duct which is defined between the respective

rear faces of the modules.

Disk pack module 20 incorporates eight removable disk files 40,
each of which is separately mounted onto & carrier 42 which is received
by guide elements (not shown) within the module. Each disk file is
designed to be 'hot pluggable!' in the sense that it may be individually
removed and inserted from &nd to the module and hence from the subsvystem
without the need to shut down the operation of the subsystem. R handle 44
is provided at the front of each disk file which is used for removsl and .

carrying purposss. ’

The disk pack module includes i front cover 46, shown.open in .

Figure 3, including a grill 47 extending across the whole surface aresz of

~
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the cover (only a portion of the grill is shown) which has the dual
function of allowing cooling air to pass into the module while at the
same time providing the necessary Radio Frequency Interference (RFI)

screening.

Disk Pack module 30 which is mountable into the rear of the chassis
is mechanically identical to disk pack module 20 and each module may

therefore be inserted at either the front or rear cof the chassis.

With reference to Figure 4 there are shown three combined cooling
and power supply units 50, each of which is removably mountable in the
chassis. Each combined unit includes a faorced air cooling fan, in thé
form of a centrifugal fan 60, which is horizontally'mouhted at-one énd of
a tray 62. Mounted at the other end of the tray is a power supply unit 70
which along with the power supply units of the other two combined units,
provides power to the whole subsystem i.e. to the disk files and to the
fans. The means by which each of the components of the subsystam is
powered does not form part of this invention and will not be described
further. The fan (ohe of which is shown in greater detail in Figure 5)
includes an upward fzcing.inlet aperture 63 and an exhaust aperture 64
which faces towards the power supply. Separating the fan and the power
supply is an exhaust plenum 65 defined between two side walls cf the
combined unit tray. The side walls include two apertures 66 which align
with corresponding apertures in an adjacent combined unit. When in
position within the chassis the plena of the three fans form & pressurs
equalisaiion chamber extending across the width of the chassis.

Hingeably mounted &t the outlet aperture is a flsp vazlve 27 whizh zcts to

close the fan outlet when the fan is non-operational.

The front of the combined unit inciudes a snap cocnnector (indicated
by reference numerzl 67 in Figure 73) which fits into a connectcr
positioned on the front face 81 of an L-shaped sliding plate 8C. The
horizontal portion of the plate 82 includes & grill 84.

-

Referring to Figure 6, when the combined unit is in pesiiizn in
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chassis, the fan is locaied centrally within the lower duct such that
fan inlet aperture 62 is aligned with one of the circulzr aperiures 118,
120 in the chassis shelf. The aperture st the top.of each fan‘pﬁéﬁum
aligns with one of the .rectangular apertures 122,124 in the shelf. As can

be seen in Figure 7&, the sliding plate is located within the lzwér
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chassis duct with its horizontal upper surface adjacent the underside of
the chassis shelf. When the combined unit is fully inserted in the
chassis, grill 84 in the sliding plate 80 is aligned with one of the
grills 111, 112 and 113 of the chassis shelf. When the combined unit is
removed from the chassis, the sliding plate moves with the combined unit
until it reaches a position within the lower duct such that it blocks off
the corresponding central aperture and the grill 84 is aligned with the

corresponding rectangular aperture.

The provision of a horizontally mounted centrifugal fan in tandem
with the power supply allows the power supply and fan to be removed
together as a single field replaceable unit, thus allowing access to the
fan 'buried' inside the machine. With this arrangement, the combined unit
can be removed from the subsystem without disturbing the disk files or
other cooling fans. Furthermore the power supply provided to the
subsystem through the power supply units can be readily arranged so that.
when one of the combined units is removed from the chassis while the
subsystem is operational, the two remaining power supply units are
capable of providing sufficient power for continued operation. In
addition, the cooling provided to the subsystem may also be arranged such
that on removal of one of the combined units, the remaining twe fans are
capable of providing sufficient cooling for the disk files and power
supplies for the period of time required to replace the removed unit with
a functioning unit. Thus by providing easy access to the fan and power
supply and by ensuring that sufficient power and cooling capacity are
provided on removal of a combined unit, the subsystem achieves the aim of

allowing concurreént maintenance with high packaging density. For ex

o

mple,
eight 3.5 inch form factor disk files per disk pack mecdule plus
associated power supplies and cooling fans can be acceommedzted within a
chassis having dimensions of 665 mm x 465 mm x 171 mm.

As can be seen in Figure 73, in operation of the subsystem, zir is

drawn throucgh the grill 47 in the front cover 46 of the frent disk pack
module, past the disk files 40 and exits the module via apertures st the
back of the module. Cooling &ir is also drawn through ths frent ¢ the
subsystem into the lower duct 108 and is forced to travel upwarcs intc
the upper duct 110 through the grills in each of the three sliding plates

and in the chassis shelf. The air from the lower duct combines with the

air exiting the front disk pacik module and is drawn downwards ints the
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inlet aperture of the fan through the circular apertures 124,126,128 in
the shelf.

Air exiting the outlet aperture of the fan exhausts into the plenum
and is deflected by the flap valve 67, which is held open by the pressure
of air, towards the rear disk pack module. The pressure equalisation
chamber formed by the three adjacent fan plena 65 acts to distribute the

air proportionally across the disk files mounted in the rear disk pack

‘module. A portion of the air leaving the fan passes below the flap valve

and is used to cool the power supply unit 70. The ratio of air passed to
disk pack module and to the power supply is set by choosing the
appropriate flap design. The air which is not deflected by.the flap valve
passes into the rear disk pack module and exits viz the érill A7 in the
cover plate 46. After serving to cool the power supply units, the smaller
proportion of undeflected air exits via apertures (not shown) provided at
the rear of the subsystem. Figure 8 shows in plan view the passage of
cocling air through the subsystem when all three combined power supply
and fan units are in position. The disk pack modules are removed for the

purposes of clarity.

As has already been described, when one of the combined power
supply and fan units is not in position in the chassis as is shown in
Figure 7B, the central aperture for that unit is blocked off by the
sliding plate. Therefore during operation of the subsystem, the air
passing from the front portion of the chassis is drawn through the two
remaining circular spertures into the two remaining fans. Because the
rectangular aperture corresponding to the removed combined unit is still
open, cooling air is able to exit the pressure equalisation chamber
through all three rectangular apertures. This ensures that cooling air is
equally distributed amongst the disk files contained in the rezr disk

pack.
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CLAIMS

1. A modular housing for first (20) and second (30) groups of

replaceable heat-generating functional units, comprising:

a support structure (10) for supporting the two groups of
functional units in the housing comprising a chassis in the form of
rectangular tube hafing first {12) and second (12) openings at opposite
ends thereof, and including first {(110) and second (108) compartments
separated by an internal wall (106) extending longitudinally at least
part way along the length of the chassis to accommcdate the first and
second group of functional units within the first cempartment on oppoéite
sides of a central compartment of the chassis so as to be respectively

removable via the first and second openings;

at least two replacesable cooling units (60),.which are removable
via one of said chassis openings without removing either of the groups of
functional.units, the cooling units being locatable within the second
compartment of the support structure adjacent to the ceﬂtral'cdmpartment
in such a position that in operation they serve to draw air past the
first group of units, through the cooling units and past the second group

of units.

2. A modular housing as claimed in claim 1 further comprising at least
two replaceable power supply units (70) arranged within the second

compartment of the chassis and removable via one of the chassis openings.

3. A modular housing as claimed in claim 2, wherein z cecoling unit is
combined with a power supply unit to form & single zssembly which is

removable vis one of the chassis cpenings.

4. A modular housing as claimed in any preceding cizim, wherein ezch
cooling unit comprises a centrifugal fan including an &air inlet (§4) for

receiving ccoling &sir from the direction of the first grour of

o

replaceable units and deflection means (57) arranged at the fzn cutlet

(64) to deflect a proportion of the air exiting the fan towards the

second group.of functional units. S e : : S
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5. a4 modular housing as claimed in claim 4 wherein the deflection,
means comprises a flap hingeably mounted at the fan outlet such that it

covers the outlet fan aperture when the fan is not operating.

6. A modular housing as claimed in any preceding claim further

comprising the first and second groups of functional units.

7. A modular housing as claimed in claim 6, wherein the functional
units of each of the first and second group are removably loaded into a

replaceable module which is mountable within the housing.

8. A modular housing as claimed in any preceding claim, wherein the
functional units of both the first and second group‘comprise data storage

devices.
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