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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.

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

system configurétions wherein individual electrical units of the system
“are readily accessible and in some cases customer removable. The use of

modular designs provides a number of different advantages. Manufacture
and assembly is made simpler in that each unit can be manufactured and ..

10 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

15 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 &

20 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
that the system *life support® functions e. g. coollnc and power continue.

: to operate Taklna the example of dick file dsta storage svstem

25 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 ieplacement of & failed
cooling fan or power supply generally necessitates the shutting down of’

30 the whole system.

It is increasingly common that such mocdular systems are required t=<
conform to a industry standard size in order that they fit within an

larger-data processing system. In the case-of disk.file storage

1
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subsystems, one challenge faced by the designer of the subsystem gpower
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and packaging is to achieve a high packaging density wltH the available
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system confi gurations wherein individual electrical units of the system
are readily accessible and in sone cases custoner renovable. The use of
nodul ar desi gns provides a nunber of different advantages. Manufacture
and assenbly is made sinpler in that each unit can be manufactured and 10
tested separately before being assenbled in the conplete system
Furthernore, if a renovable unit becones defective, it can be readily
removed for-repair and replaced with a working device. A typical nmulti-
conponent systemof this type is a conputing systemin which data storage
devi ces, processing hardware, power supplies and cooling fans are 15

-cont.ai ned W t hi gragsigngl € support structuge. Al t hough ease of
renovabi lity of individual devices is facilitated usi ng a nodul ar
configuration, the renoval and repl acenent of a device usual ly requires

the systemto bep£kasedsdovdpidhiis 4 @CIge EheuRMUIY oOhegabyted ibRnftor whi ch
the systemis aygable. It would be desirable if a 20 defective device
coul d be renoved and repl aced whil st the system continued to function.
In order to achieve this the system design should permt easy access to
removabl e devices wi'f €*HE RS ShE T HECRASIAT AEFY “platcﬁ"‘agf‘t thSIEFEtem ' life.
support' functi eagsgemblieg yiihi sogtinned prshiesy awedlrbiditie and high gubgsesmhite. Taki ng
t he exanpl e of dackkgihpldensday &s st on@ges syblamndSone ohphi i figficeovabl e - di sk

files and associ.afied poyeictdad cooling units,. such systens are

( ¢ g _ y
currently avail abl e which aI | ow for the replacenent of one or nore of
the disk files whil rralnt i nin oerq(tlon of. .t he re rgdlskflles
) r n 1nve see to, provide a soluﬁlon [s]
‘However, removal and'Fé&pia REd an Bropower

supply general | 3?“‘?1@%‘@5%‘??%&%3‘”?1‘1% §'ﬁ91‘tlf‘7 ﬁ@i‘sd'lﬂ/\ﬁ’ of**%0 a‘tdhﬁecw‘i‘o‘?r@“‘sfy%ft em

replaceable heat-generating functional units, comprising: a support

10 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 including first and
second compartments separated by an internal wall extending-
longitudinally at least part way along the length of the chassis to

15 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

20 functional units, the cooling units being locstable 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 c¢roup

of units.

25 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 Ffunctional units. Furthermore, where the

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

the drower dlthOLt 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

35 rotational speed of the remaining fan.
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It 'is ifcreasingly comon that such nodul ar systens are required to
conformto a industry standard size in order that they fit within an

| arger- data processing system In the case of disk file storage
.subsystens, one chal |l enge faced by the designer of the subsystem power 35
and packaging is to achieve a high packaging density within the avail able
space -in order to provide a high value for the ratio of negabytes to unit
vol une. The designing of a systemwhich allows easy repl acenent of
syst em subassenbl i es: with continued system availability and high
subassenbl y packagi ng density is an ongoing problem and one which is
difficult to ach%%e%in practice. 3 _ SUMVARY OF THE
| NVENTI ON :

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
5 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
10 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 uhit to form =&
single assembly which can be removed via one of the chassis openings as a
single field replaceable unit. This configuration permits easier access

15 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
20 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
25  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
to divert a proportion of the cooling air towards the functional units of
the second group is preferably arranged in the combined unit betwezn the

30 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

35 supply unit to prevent unwanted recirculaticn of air.
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It is arf object of the present invention to aneliorate one or nore

di sadvantages of the prior art. According to one aspect of the
-present invention there is provided a nodular housing for first and second
groups of repl aceabl e heat-generating functional units, conprising: a
support structure for supporting the two groups of functional units in the
housi ng conprising a chassis in the formof rectangular tube having first
and second openings at opposite ends thereof, and including first and .
second conpartnents separated by an interqal wall extending |ongitudinally
at least part way along the length of the chassis to acconmpdate the first
and second groupVt¥-93dkctional units withit®h the first conpartnent on
opposite sides of a central conpartnment of the chassis so as to be
respectively renovabl e via the first and second openi ngs; at |east two

repl aceabl e cool i ng AbHIHE thinfupttisned uniitoRfablicefivF G 2theecord €gHRF THaRes| s
openi ngs w t hout indmibipplig pévqobide iofo tiehehagsigups iofpreérrcdd Bnblthanits, the
cooling units beisagticacntidbt @f wadthb M theh i rS€ o decofid FPap taie REmc@db1E he support

structure adJ aCEﬂLadQE) i;nhnea Q%E&@ﬁle%%@ﬂhu%ﬂinchﬁhe§ L&Qh)p@ugging connectors
5 -at one end for mating with corresponding 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 w111 now be described, by
way of example only, with reference to the accompanylng drawings in
10 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;

15 Fig. 3 is a front'perspeéti&e 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;

20 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

25 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 & data sl‘.orucwa subsystam
comptising a chassis 10 in the form of & partially encleosed rectangular

20 tube. The chassis is a support structure for a pair of disk pack modules
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posiftion®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.
Accordi ng to anot her aspect of the present invention there is provided a
nodul ar housing for supporting first and second groups of repl aceable
heat - generating functional wunits, conprising: a chassis in the formof a
rectangul ar tube having first and second openings at opposite ends -
thereof; a shelf extending longitudinally at |east part way along the

|l ength of the chassis to formfirst..and second ducts to accommodate the
first and second group of functional units wthin the first duct on
opposite sides of the chassis, the first duct having a front region to
accommodat e t he, f¥s3-@loup of functional uvnits and a

3 o

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
5 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

10 lower duct 108 and an 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

15 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

20 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.

g Each disk pack module includes auto-docking connectors (not shown) which

mate with corresponding connectors (also not shown) located within a i
25 béntral 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

30 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. ’

35 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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rear region to accommodate the second group of functional units, so the
first and second groups of functional units are respectively renovable via
the first and second openings; and a plurality of replaceabl e cooling
units, which are renovable via one of the chassis openings w thout
renoving either the first or second groups of functional units, the
cooling units being arranged within the second duct in such a position that
in operation they serve to draw air through the front region of the first
duct, through the cooling units and threough the rear region of the first
duct . According to still another aspect of the present invention
there i's-provi ded axs+meabar housing, conprising: a first group of

repl aceabl e heat-generating functional units contained in the housing;, a
second group of repl aceabl e heat-generating functional wunits contained in
t he housi ng; a chasthe sover tchiy f eprhiof ofy theegtidhgslshevnd whéchhimeithg dfalr st and
second openi ngs at MpEas be aBRdSigtderiephir & iRl intexhenciungvhiongk truei nal |y

at least part way QhORGetiovieeROt REeLhs ;c;taeoss.leauetney et idcstrand second

ducts to accommdats%reenlnq

5 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. Lo

With reference to Figure 4 there are shown three combined cooling
and power supply units 50, each of which is removably mountable in the -
10 chassis. Each combined unit includes a forced air cooling fan, in thé
form of a centrifugal fan 60, which is horizontally'mouhted at-one éﬁd 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
15 fans. The means by which each of the components of the subsystem 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
i 20 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
i position_within the chassis the plena of the three fans form z pressurs
equalisation chamber extending across the width of the chassis.
i 25 Hingeably mounted st the outlet aperture is a flsp valve 87 which acts 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

30 horizontal portion of the plate 82 includes & grill 84.

14

Referring to Figure 6, when the combined unit is in pesizizn in th

chassis, the fan is located centrally within the lower duct such that th

w

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 plenum
35 aligns with one of the .rectanqular apertures 122,124 in the sheilf. As can
1 1

be seen in Figure 7&, the sli



the*first and second group of functional units within the first duct on
opposite sides of the chassis, the first duct having a front region to
accomodate the first group of .functional units and a rear region to
accommodat e the second group of functional units, so the first and second
groups of functional units are respectively renovable via the first and
second openings; and a plurality of replaceable cooling units, which are
renovabl e via one of the chassis openings w thout renoving either the
first or second groups of functional units, the cooling units being
arranged within the second duct in such a position that in operation they
serve to draw air ggbreaugh the front reglon of the first duct, through the
cooling units and through the rear region of the first duct.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT( S) A preferred enbodi nent of
the invention w | |chagws REctd@IE ritH @6k i zdht aWaype B fsur FRXA BPlaen® thy undatdibe of
reference to the ageQRRARYLRG s dhaW MY ohlnd¥NhGR s fully ifsk&ed knithe @ front
per spect i ve Vi ew of 210358, 2607305 SYRSYS LR W) hiGeFRL, oOIPARENt S
shown in expl oded

rllls 111, 112 and 113 of the chassis shelf. When the combined unit is

5 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
10 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
15 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
20 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
25 provided on removal of a combined unit, the subsystem achieves the aim of
allowing concurreént maintenance with high packaging density. For example,
| " eight 3.5 inch form factor disk files per disk pack module plus
| associated power supplies and cooling fans can be acceommedzted within a

chassis having dimensions of 665 mm x 465 mm x 171 mm.

30 As can be seen in Figure 7A, in operation of the subsvystem, zir is
drawn through the grill 47 in the front cover 46 of the frcét iisk pack
module, past the disk files 40 and exits the module via apertures st the
back of the module. Cooling air is also drawn through the frent 5 the
subsystem into the lower duct 108 and is forced to travel upwarcs intc

35 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 ccmidines with the
air exiting the front disk pacik module and is drawn downwards ints the

P



4 Big. 2 is a front perspective view of the chassis of the data

st orage subsystemof Fig. 1, Fig. 3 i1s a front perspective view of
the data storage subsystemof Fig. 1 with the front disk pack nodul e shown
in a partially inserted position; Fig. 4 is a rear perspective view
of three.conbined power supply and cooling units; Fig. 5 shows a fan
of one of the conbi ned power supply and cooling units; Fig. 6 is a

rear perspective view of -the data storage subsystem show ng t he -conblned
power supply and cooling units inserted position; -

UK9-93-011 8

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
5 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
10 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
i 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
15 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

j 20 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

25 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.



Figs. 7A and 7B are sectional schematic views of the subsystemof Fig. 1
showing the direction of cooling air flow through the chassis; Fig.

8 i's a top vi ﬁ m ﬂm mof Fig. 1 showing the direction of cooling
air flow thr w " m nm‘ Referring first to Figure 1 there is
shown a data st'or &ge* subsystem conprising a chassis 10 in the formof a

partially encl osed rectangul ar tube. The chassis is a support structure
for a pair of disk pack nodul es . :

UKS-93~-011 9

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
5 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 accommodate the first and .
10 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

15 functional.units, the cooling units being locatable w1th1n the second
compartment of the support structure adjacent to the central compartment
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.

20 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 a cooling unit is
combined with a power supply unit to form & single zssembly which is

25 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
replaceable units and deflection means (57) arranged at the fzn cutlet

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

i

\
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second group of functional units.



UK9- 93-911 , 5 10, 20 which are renovably
nount abl e rmthe chassis. Each di sk pack nodul e i ncl udes ei ght
renmovabl e di ' Fibggist or age subsystem furt her conprises three
conbi ned powggllmgmfmﬁmwmll ing units 50 each of which i ncorporates a
cooling fan and & power gSupply 70. Also shown in Figure 5 1 are three
sliding plates 80, the purpose of which will be explai ned bel ow.

As can be seen in Figure 2, the chassis 10 includes two side walls

102, 104. Extendi ng between the two side walls.is a longitudinally
extendi ng shelf 106 which divides the chassis into two main regions - a 10
| ower duct 108 antRsat®-¥gdper duct 110. As cadf 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 cPriodtlar hayséns oy ekringdelin fled 4rdetedhdia 415188587t ur es
124, 126 and 128. méBhe cpwrizese Ofp hh@eghiy Imbwnteddt tthre faneqitied| suginghakbit

rect angul ar apert thvess wel duthe exphbaitaadviael Bw.fan is not operating.

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

5 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.

10 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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Referrihg now to Figure 3, the disk pack nodul es 20, 30 are each
slidably mountable on runners (126 and 128 in Fig. 2) onto the chassis
shelf. In Figure 3, disk pack 20 is shown partiall ~na;_,;;__pto a front
bay of the chassis and disk pack 30 is shown fully i FisiSrarag 70 ,
bay of the chassis. Wen the nodules are fully insgrted, REbgad
32,34 of the nodul es cooperate with a central crossS mert
~across the top of the chassis to formthe top surface of t he subsysten1
Each di sk pack nodul e i ncl udes auto-docking connectors (not shown) which
mate wi th corresponding, connectors (also not shown) located within a 25
central region of the upper duct which is d%flned bet ween the respective

rear faces of the nodul es. Di sk pack modul e 20 i ncor por at es

ei ght renovabl e disk files 40, each @f . whi ch is separately nounted onto
a carrier 42 which is received by QU|d% elenents (not shown) within the
nodul.e. Each disk file is 30 designed to be 'hot pluggable' in the sense . .
that it may be individually r emovEPVERFUHEert ed fromand to the nodul e
and hence fromthe subsystem wi t hout the need to shut down the

operation of the subsysienr Wuhiaadbe sddt (20) bisd prcond (@l @bupthe front of
each disk file \A/f}g,s:ﬂacaagleuaﬁelut% Jnem)ya,l Al files cgn%rrf.éé's NOcRYER0ReS. 35
The i pack IPdUE e IER 8 LhO0Y SN Rnd D AMDIBIA, s10n ERUTE 3,

including a gr|II X endlng acr 0ss sur ce are
support structure (10) and removable via opp051te

length of a chassi
openings in the chassis. Replaceable cooling and power supply assemblies

(50) are located within a second compartment (108) of the drawer and can
be removed from drawer via one of the opehings without removing either of
10 the groups of functional units. The fan (60) of a combined cooling aﬁd
power supply unit is arranged centrally within the second compartment
such that it draws cooling air past the first group of units and exhausts

air towards the second group of units.
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UK9-9'~611 6 - the cover (only a portion of

tﬁgkﬁr Il is shown) which has the dual function of allow ng cooling air
to pass into the nodule while at the same time providing the necessary
Radi o Frequency Interference (RFl) screeni ng. 5 D sk Pack
nmodul e 30 which is nountable into the rear of the chassis IS

mechani cal ly identical to disk pack nodule 20 and each nodul e may '

1/5




t hewefore be inserted at either the front or rear of the chassis.

Wth reference to Figure 4 there are shown three conbi ned cooling and
power supply units 50, each of which is renovably nountable in the 10
chassis. Each conbined unit includes a forced air cooling fan, in the
formof a centrifugal fan 60, which is horizontally nounted at-one end of
a tray 62. Munted at the other end of the tray is a power supply unit 70
whi ch.al ong with-the power supply units of the other two conbined units,
provi des power to the whol e subsystemi.e. to the disk.files and to the 15
fans. The neans by which each of the conmponents of the subsystemis
power ed does not formpart of this invention and will not be described
further. The fan (one of which is shown in great er detail in Figure 5)

i ncl udes an upward facing inlet aperture 6§ énd an exhaust aperture 64

whi ch faces towards the power supply. Separating the fan and the power 20
supply is an exhaust plenum 65 defined between two side walls of the
conbi-ned unit tray. The side walls include two apertures 66 which align

wi th correspondi ng apertures in an adjacent conbi ned unit. WWen in
position within the chassis the plena_of the three fans forma pressure
equal i sati on chanber extending acro X e wi dth of the chassis. 25

H ngeably nounted at the outl et apelnn 2. fs\a flap valve 57 which acts to
close the fan outlet when the fan /SN [ The front
of the conbined unit includes a s apQ\ by reference
numeral 67 in Figure 7A) Which fits i NY posi ti.oned on the
front face 81 of an L- shapﬁi sl /di ng p\\.

F1G. 3



30 .. hori,zontal portion of the plate 82 includes a grill 84,

Referring to Figure 6, when the conbined unit is in position in the
chassis, the fan is |located centrally within the | ower duct such that the
fan inlet aperture 63 is aligned with one of the circular apertures 118,
120 in the chassis shelf. The aperture at the top of each fan plenum 35
aligns with one of the rectangul ar apertures 122,124 in the she f. As can
be seen in Figure 7A the sliding plate is located within the | ower

UK9- 93-011 o 7 y
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chagsis «duct with its horizontal upper surface adjacent the underside of

t he chassis shelf. When the conbined 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. Wen the conbined unit is 5
removed fromthe chassis, the sliding plate noves with the conbined unit
until it reaches a position within the |Iower duct such that it bl ocks off
the corresponding central aperture and the grill 84 is aligned with the
correspondi ng rectangul ar aperture. The provision of a

hori zontally nmounted centrifugal fan in tandem 10 wth the power supply
all ows the power supply and fan to be renoved together as a single
field replaceable unit, thus allow ng accgsg to the fan 'buried inside
the machine. Wth this arrangenent, the conbined unit ~can be renoved
fromthe subsystemw t hout disturbing the disk files or ot her cooling
fans. Furthernore the power supply proyided to the 15 subsystemthrough
the power supply units can be readily jakranged so that when one of the

conbi ned units is renoved fromthe chq subsystemis
operational, the two renaining power ¢ capabl e of .
provi di ng sufficient power for continue I n addition, the

Mged such 20 that on
renoval of one of the conbi ned G'?’h..gns are
N ci edl i e
% g & ) )




a Punctd oning unit. Thus by providing easy access to the fan and power
supply and by ensuring that sufficient power and cooling capacity are 25
‘provi ded on renmoval of a conbined unit, the subsystem achi eves the ai m of
al l owi ng concurrent mai ntenance wi th high packagi ng density. For exanpl e,
eight 3.5 inch formfactor disk files per disk pack nodule plus
associ at ed power supplies and cooling fans can be acconmpdated within a
chassi s having di nmensions of 665 -mm x 465 mm x 171 nm 30 ~As can
be seen in Figure 7A, in operation of the subsytem air is dr awn.
through the grill 47 in the front cover 46 of the front disk pack

nodul e, past the disk files 40 and exits the nodule via apertures at the
back of the nodule. Cooling air is also dfpsn through the front of the
subsysteminto the | ower duct 106 and is forced to travel upwards into 35
t he upper duct 110 through the grills in each of the three sliding plates
and in the chassis shelf. The air fromthe | ower duct conbines with the
air exiting the front disk pack,nodule and js drawn doynwards into the

|
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UK9-93-011 ' 8 inlet aperture of the fan
through the circul ar apertures 124,126,128 in th tref ™t

/Air exiting the outlet aperture of the fan exhausts ﬁﬁﬁﬁjﬂﬁﬂﬁﬁNlﬁﬂﬂﬁﬁ and
iis deflected by the flap valve 67, which is held opeh py the pressurfe} 5

of air, towards the rear disk pack nodule. The presspre efyicagHEoN
chanber fornmed by the three adjacent fan plena 65 acisjto distribute the
air proportionally across the disk files nounted in {herear—drskpack
nodul e. A portion of the air |eaving the thn passes pel ow the flap valle
and is used to cool the power supply unit 70. The ratio of air passed to 10
di sk pack nodule and to the power supply is set by choosing the

appropriate flap design. The air which is not deflected by the flap val ve
passes into the rear disk pack nodule and exits via the grill 47 in the
cover plate 46. After serving to pply units, the smaller
proportion of undeflected air exi?@e@¥§ﬂ§%2§?§$g§§(not shown) provi ded at
‘15 the rear of the subsystem Figure 8 shows in plan view the passage of

ABSTRACT

A modular housing for first (20) and second (30) groups of replaceable
functional units e.g. disk files comprises a chassis for supporting the units within a
first compartment (110) extending along the length of a chassis support structure (10)
and removable via opposite openings in the chassis. Replaceable cooling and power
supply assemblies (50) are located within a second compartment (108) of the drawer
and can be removed from drawer via one of the openings without removing either of
the groups of functional units. The fan (60) of a combined cooling and power
supply unit is arrahged centrally within the second compartment such that it draws
cooling air past the first group of units and exhausts air towards the second group of

units.

FIG. 1,2
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cool i pg-ai¢# through the subsystem when all e3¢ Hiion Az ko paped .
and fan units are in position. The disk pa Y ar: @ageshol éu phoed | )he
pur poses of clarity. As has al rleadi¥riseisg(slepegachad o whgal .ane
t he conbi ned power 20 supply and fan unit $ Aotradtn pesgdd &m Rafdie
chassis as is shown in Figure 7B, the?2 entral aperture f

bl ocked off by the sliding plate. Ther qujgfgl@pr}g: 1_

£ 05y e

subsyst em L pocei naLbr o e f I O P T i
dr avvr{ t hr oug%’%t'% Jrfler ° p‘}8§1ﬁé ggm%ﬂ %ﬂl% ?orercu gdrﬁo M%%ngg 9 hEBT YRS ™0

remai ni ng fans e
-renoved gonbl ng;j}iéﬁdr;e?t gt$sltez|1 %i_%terﬁ %%%g%%»g%%@??gﬁlge@eﬁgﬁé gh%%?'étﬂ%lﬁu
pressure eqdt ¢sminued sﬁ‘éf&ﬂb@ﬁﬂablhtytahﬂ Mg subhsseinbr mck@gifégx aem;ll@rls AR VnkHLS -
This ensures that cooling air is equal |y distributed anongst the di sk

files cont probiemiandtdne widel isddiffiicult to aphieke in practice.
CHAING SUMMARY OF THE INVENTION

It is an 6bject of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided 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 rectangular tube having ﬁrst.and second
openings at opposite ends thereof, and including first and second compartments §eparated
by an internal wall extending longitudinally at least part way along the length of the
chassis to accommodate the first and second group of functional units withini the first
compartment on opposite sides of a central compartment pf the chassis so as to be
respectively removable via the first and second openings; at least two replaceable cooling
units, which are removable via one of said chass.is 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 compartment 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.

. According to another aspect of the present invention there is provided a modular

~ housing for supporting first and second groups of replaceable heat-generating functional

units, comprising: a chassis in the form of a rectangular tube having first and second -

openings at opposite ends thereof; a shelf extending longitudinally at least part way along
the length of the chassis to form first and second ducts to accommodate the first and
second group of functional units within the first duct on opposite sides of the chassis, the

first duct having a front region to accommodate the first group of functional units and a

This is the re
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1. A;nmodul ar housing for first and second groups of replaceable
-heat-generating functional units, conprising: a support structure
for supporting the two groups of functional units in the housing
-conprising a chassis in the formof rectangular tube having first and
-second openings at opposite ends t her eof 3" and i ncluding first and second
conpartnents separated by an internal wall extending |ongitudinally at

| east part fé@lyn%li(ﬂ? Q%mhﬁagfemh@cs ddh. g{i‘ﬁ@pﬁ{ ﬁ.m[:?onaf‘ %?H&trl%dfs%oﬁd

and second grou function URit nent

opposi te sigeepsObf AureBOhdl Anits QRS AéspERIVE]yC fenid%ﬁbl@h@@ﬁie’sﬁl%f’aﬁc? sédanbeopemngs
respectively ‘renovable via the first and second openi ngs; | edst
two repl acemi! £predlity v replaccablentvoling ainkts) hiekaldt eerdbvableeia WneSdi tﬁe Chass S
openi ngs W thout renoving either of the groups of functional units, the
cool i ng unidpsninge i withdub cetvaiing eitheri thetfirst e socwhdcgropps tofefahctidnat lumts,umeort
structure adjacent to the central conpartnent in such a p05|t|on that in
oper at i on tcheling uniie being darranged withiw thet segond duct in such a position that in operation

they serve to draw air through the front region of the first duct, through the cooling units
and through the rear region of the first duct. |
According to still another aspect of the present invention there is provided a
modular housing, comprising: a first group of replaceable heat-generating functional
units contained in the housing; a second group of replaceaﬁle heat-generating functional
units contained in the housing; a chassis in the form of a rectangular tube having first
| and second openings at opposite ends thereof; a shelf extending longitudinally at least
part way along the length of the chassis to form first and second ducts to accommodate
the first and second group of functional units within the first duct on opposite sides of
the chassis, the first duct having a front region to accommodate the first group of
functional units and a rear region to accommodate the second group of fuﬁctional units,
so the first and second groups of functional units are respectively removable via the first
and second openings; and a plurality of replaceable cooling units, which are removable
via one of the chassis opehings without removing either the first or second groups of
functional units, the cooling units being arranged within the second duct in such a
position that in operation they serve to draw air through the front region of the first duct,
through the cooling units and through the rear region of ‘the first duct.
DESCRIPTION OF THE PREFERRED EMBOi)IMENT(S)
A preferred embodiment of the invention will now be described, by way of
example only, with reference to the accompanying drawings in which:
Fig. 1 is a front perspective view of a data storage subsystem with the main

components shown in exploded formation;
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first,group of units, through the cooling units and past the second group
of units. 2. A nodular housing as clainmed in claim 1 further conprising
at |east two replaceable power supply units arranged within the second
‘conmpartnent of the chassis and renovable via one of the chassis openings.
3. A nodul ar housing as clainmed in clainf2, wherein a cooling unit is
conbined with a pomer supply unit to forma single assenbly which is

renovabl e via ogg of; tahffaro ?géﬁn#e%t VQR/%% 38 I chAass1f %f@é’%@r &g%l%smﬂggtém of

clainmed in any pFece |ng c Wherein each oo
centrifugalgiganp. i ncluding an air inlet for receiving cooling air fromthe
direction of the first group of replaceable units and defl ecti on nmeans

o | a0 g g et G dh e ST i

front disk pack module shown in a partially inserted position;

Fig. 4 is a rear perspective view of three combined powef 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 inserted position;

Figs. 7A and 7B are sectional schematic views of the subsystem of Flg 1 showmg
the direction of cooling alr flow through the chassis;

Fig. 8 is a top view of the subsystem of Fig. 1 showing the direction of cooling air
flow through the chassis. | '

Referring first to Figure 1 there is shown a diata storage subsystem comprising a
chassis 10 in the form of a partially enclosed rectangular tube. The chassis is a support

structure for a pair of disk pack modules

.« « wte replacement sheet
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5. A nodul ar housing as clainmed in claim4 wherein the deflection nmeans
conprises a flap hingeably—soeunted at the fan outlet such that it covers

the outlet fan aperture when “ﬂe fan is not operating. 6. A nodul ar

. housing as cl ai ““mm? ‘mﬁt ing claimfurther conprising the first and
| second groups o UL

s. 7. A nodular housing as clainmed in
“claim6, wherein*thé fhnctional units of each of the first and second
group are renovably | oaded into a repl ﬁq nodul e which is nountable
within the housing. 8. A nodular housing as clainmed in any preceding

claim whegeinyt Bfodﬁlﬁ?cﬁ(j)t&ﬂ?s o gﬁ& afdfl s@Bhd grbpsf bf %}f)lg?ﬁblieﬁé&i%eﬂéﬁtiﬁg

conpri se data storage devic A nodul ar” housi ng supporting first
and secondfifficBURA wiits/ eithpesagl e heat -

a support structure for supporting the two groups of functional units in the housing
comprising a chassis in the form of rectangular tube having first and second openings at
opposite ends thereof, and including 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 group of functional units within the first compartment
on opposite sides of a central compartment of the chassis so as to be respectively
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 compartment 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 fwo
replaceable power supply units arranged within the second compartment of the chassis
and reinovable via one of the chassis openings.

3. A mddular housing as claimed in claim 2, wherein a cooling unit is combined with
a power supply unit to form a single assembly which is removable via one of the chassis
openings.

4. A modular housing as claimed in any preceding claim, wherein €ach cooling unit
comprises a centrifugai fan .including an air inlet for receiving cooling air from the
direction of the first group of replaceable units and deflection means arranged at the fan
outlet to deflect a proportion of the air exiting the fan towards the second group of

functional units.
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gener at.i ng- functi onal units;—eonprisi ng: a chassis in the formof a
_rectangul ar tube haV| ng fi rmm econd openi ngs at - opposite ends

t her eof ; mn‘ mu gitudinally at |east part way al ong the
| engt h of the chas rst and second ducts to accommodate the

first and second graoup “of “functional unit® within the first duct on
opposite sides of the chassis, the first duct having a front regionto

accommodat &t nc e HBiRe ¥ cthgh it gﬁgvﬂ %ﬁ?ﬁf@ﬁw e ones
f
decond operipars 94""2*‘““’%*6”‘? PP AR %‘repfﬁi%ﬁ L e T

are renmovakhe i R 1R ep a;_mﬁ?e chassi S openings wthout renoving either the
first or second groups of functional units, the cooling units being
arranged wg.hi nA thehsachoudingUss! clhifedUghang pi@éddiﬂgocﬂaihh firthed cofprisingOle firfey
serve to draw air through the front region of the first duct, through the
cool i ng uniand 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.
9. A modular housing for supporting first and second groups of replaceable heat-
generating functional units, comprising:

a chassis in the form of a rectangular tube having first and second openings at
opposite ends thereof; '

a shelf extending longitudinally at least part way along the length of the chassis to
form first and second ducts to accommodate the first and second group of functional
units within the first duct on opposite sides of the chassis, the first duct having a front
region to accommodate the first group of functional units and a rear region to
accommodate the second group of functional units, so the first and second groups of
functional units are respectively removable via the first and second openings; and

a plurality of replaceable cooling units, which are removable via one of the chassis
openings without removing either the first or second groups of functional units, the
cooling units being arranged within the second duct in such a position that in operation
they serve to draw air through the front region of the first duct, through the cooling units
and through the rear region of the first duct. | |
10. A fnodular housing, comprising:

a first group of réplaceable heat-generating functional units contained in the

housing;
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and through the rear region of the first duct. 10. A nmodul ar housing,

ﬁﬁirr![ogi (Szl)ﬂgm nec”lmmmlmlmmml of repl aceabl e heat-generating functi onal

11 a secorfd grotip &f tepl aceabl e heat-generating functional units
~contained in the housing; a chassls in the formof a rectangular
-tube having first and second openi ngs at opposite ends thereof;

shel  ext endi ng, kgt bt Yephicehti8 HoaR@irbratfly hOHhat ek SBRathed ir 'afe

chassis to
housing;

a chassis in the form of a rectangular tube having first and second openings at
opposite ends thereof;

a shelf extending longitudinally at least part way along the length of the chassis to
form first and second ducts to accommodate the first and second group of functional
units within the first duct on opposite sides of the chassis, the first duct having a front
region to accommodate the first group of functional units and a rear region to
accommodate the second group of functional units, so the first a_nd second groups of
functional units are respectively removable via the first and second openings; and

a plurality of replaceable cooling units, which are removable via one of the chassis
openings without removing eijther the first or second groups of functional uhits, the
cooling units being arranged within the second duct in such a position thét in operation |
they serve to draw air through the front region of the first duct, through the cooling units

and through the rear region of the first duct.
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¥
formfirst and second ducts to acconmodate the first and second group of
functional units within the first duct on opposite sides of the chassis,
the first duct having a front region to accommobdate the first group of
functional units and a rear region to accommpdate the second group of
functional units, so the first and second groups of functional units are
respectively renovable via the first and second openi ngs; and a
plurality of replaceable cooling units, which are renovabl e via one of the
chassis openings w thout renoving eith . the first or second groups of
functional units, the cooling units beiig arranged within the second duct
In such a position that in operation they serve to draw air through the
front region of the first duct, through the cooling units and through the
rear region of the first duct. :

MODULAR HOUSING
ABSTRACT

A modular housing for first (20) and second (30) groupé of mplaéeable
functional units e.g. disk files comprises a chassis for supporting the units within a
first compartment (110) extending along the length of a chassis support structure (10)
and removable via opposite openings in the chassis.. Replaceable cooling and power
supply assemblies (50) are located within a second compartment (108) of the drawer
and can be removed from drav'ver via one of the opemngs without removing either of
the groups of functional umts “The fan (60) of a combined cooling and power
supply unit is arranged centrally Wlthln the second compartment such that it draws

cooling air past the first group of units and exhausts air towards the second group of

units.

FIG. 1,2
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