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. MODULAR PACKAGING SYSTEM
BACKGROUND

The present invention relates to a packaging

" 5 system for electrical equipment and, more particularly,
to a modular packaging system.

In designing electrical equipment packages,
sufficient ventilation to prevent overheating of various
heat-generating parts is a necessary consideration.

10 Generally desirable features of such packages include
ease of forming electrical connections between individual
components inside of the package with other components,’
including components e&ternal to the package, and ease of
access to the packaged electrical equipment. Such

15 features facilitate maintenance tasks such as repair or
replacement of individual components or groups of
components. Further, it is desirable to provide the
foregoing features in packages of minimal size.

With the advent of large electronic systems

20 such-as cellular telephone communication systems, it is
necessary to package large amounts of equipment. For
example, in U.S. Patent No. 4,694,484 to Atkinson et al.,
it is noted that .components that make up cellular
telephone communication systems include large amounts of

‘25 common equipment, and that the use of such equipment has
led to interconnections between variocus functional
modules. To package large amounts of electrical
equipment such as equipment typically belonging to radio

. base stations of cellular telephone communication

30 systems, i.e., printed board assemblies, combiners, high
power equipment, AQ/DC equipment, antenna near parts,
distribution blocks, power connection blocks, power
splitters, etc., it is desirable to provide a modular
packaging system that simplifies system design,
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_conponent s T nside of the package with other conponents,
conponents external to the package, and ease of access t
el ectrical equipment. Such features facilitate nai ntenance tasks such as

repair or replacenment of individual conpoffedts or groups of
customization, and expansion, as well as simplifying
system construction and maintenance.
Existing packages for such equipment generally
consist of conventional cabinets in which holes are
5 drilled or punched. Cables are extended through the
holes so that electrical connections between individual
components in one cabinet can be formed with components
in other cabinets and elsewhere. In view of the labor
necessary in punching the holes and forming electrical
10 connections between different cabinets, it is desirable
to provide a modular packaging system in which
interconnection of electrlcal components in dszerent
modules is sxmplified.
In existing packaging systems, each cablnet is
15 typically provided with a fan for ventilating the
equipment in the cabinet and blowing air to outside of
the cabinet. The heated air blown outside of the cabinet
by the fan may linger around the cabinet, and heat the
area immediately around the cabinet. The heated air may
20 . create an uncomfortable or dangerous condition. In view
of the potential of such conditions, it is therefore
desirable to p:ovide an improved system of vehtilating
air heated by electrical equipment.

25 ' SUMMARY
In accordance with one aspect of the present

invention, a modular packaging system for electrical
equipment is formed by two or more modules. Each module
includes electrical equipment, a cabinet in which the

30 electrical equipment is disposed, and means for forcing
air through the cabinet to cool the electrical equipment.
The cabinet includes an inner cabinet wall forming an air
shaft and is formed with a first and a second opening.
The second opening is formed in the inner cabinet wall.
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The air forcing means force air through the first opening
- of the cabinet, past the electrical equipment, out the -
second opening of the cabinet, and into the air shaft
such that the electrical equipment is continuously
5 cooled. A chimney is formed by aligning the air shafts
of two or more modules arranged vertically relative to
one another.

In accordance with a further aspect of the
present invention, the cabinet further includes a

10 vertical space extending between a top and a bottom
opening in the cabinet. The modular packaging system
further comprises a vertical cable chute formed by
aligning the vertical spaces of two or more modules
arranged vertically relative to one another.

15 ' In accordance with a further aspect of the
present invention, the cabinet further includes a
horizontal space extending between a left and a right
opening in the cabinet. The modular packaging system
further comprises a horizontal cable chute formed by

20 aligning the horizontal spaces of two or more modules
arranged horizontally relative to one another.

In accordance with a further aspect of the
present invention, the cabinet has four sides and
includes four horizontal arms extending in the same

25 direction from four corners of the cabinet. A cover is
removably attachable to ends of the four arms. The
cover, the arms, and the sides define the top and bottom
openings between which the vertical space extends and the
left and right openings between which the horizontal

30 space extends.

‘ In accordance with further aspects of the
. present invention, each module further includes means,
disposed in the cabinet, for distributing air forced past
the electrical equipment by the air forcing means in a
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primary air flow pattern. The air forcing means includes
a pair of fans. The distributing means is formed such
that, upon failure of either one of the fans, a secondary
air flow pattern is established.

5 In accordance with a further aspect of the
present invention, each module further includes an air-
permeable subrack assembly in which the electrical
equipment is mounted. The subrack assembly is mounted in
the cabinet such that first and second spaces are formed

10 between the subrack assembly and the cabinet. The first
and second spaces extend to the first and second
openings, respectlvely.

In accordance with another aspect of the
present invention, a module for a modular packaging

15 system includes a cabinet. The cabinet has four sides
and four horizoental arms extending in the same direction
from four corners of the cabinet. The cabinet includes a
cover removably attachable to ends of the four arms. The
cover, the arms, and the sides define top and bottom

20 cabinet openings between which a vertical space extends
and left and right cabinet openings between which a
horizontal space extends. The cover is formed with
apertures, and the cabinet being formed with an outlet
opening. The module further includes an air-permeable

25 subrack assembly. Electrical equipment is adapted to be
mounted in the interior of the subrack assembly. The
subrack assembly is mounted in the cabinet such that
first and second séaces are formed between the subrack
assembly and the cabinet. The first and second spaces

30 extend to the apertures in the cover and the outlet
opening, respectively. The module further includes means
for forcing air through the aperturesrin the cover,
through the subrack assembly, and out the outlet opening
‘of the cabinet to permit continucus cooling of the-
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interior of the subrack assembly. The module is adapted
to be vertically arranged relative to another module such

' that the vertical spaces of the modules are aligned, and

the module is adapted to be horizontally arranged
relative to another module such that the horizontal
spaces of the modules are aligned.

In a further aspect of the present invention,
the module further comprises means, disposed both on the
exterior of and on the interior of the subrack assembly,
for forming electrical connections with electrical
equipment mounted in the interior of the subrack

assembly. ,

In a further aspect of the presenf invention,
the cabinet further includes an interior cabinet wall
defining, with a rear wall and portions of left and right
walls of the cabinet, an air shaft. The air shaft
extends between the outlet opening of the cabinet and a
bottom copening of the cabinet. The interior cabinet wall
is formed with an interior cabinet wall opening through
which air forced by the air forcing means through the
subrack assembly passes to the air shaft and out the
outlet opening of the cabinet.

In a further aspect of the present inventicn,
the module further comprises a passage - extending between
an opening in the inner cabinet wall and an opening in
the rear wall. When the module is horizontally arranged
relative to another module, the openings in the rear
walls of the modules are aligned.

In accordance with a further aspect of the
present invention, when the module is vertically arranged
relative to another module, the air shaft of the modules

are aligned and form a chimney.

W&mem
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' The features and advantages of the present
. invention will be understood by reading the following
detailed description in conjunction with the drawings in
which like numerals indicate like elements and in which:

FIG. 1 is a perspective view of a module stack
according to an embodiment of the present invention;

FIGS. 2A, 2B, and 2C are front, side, and top
cross—-sectional schematic views, :espectively, of a
modular packaging system according to an embodiment of
the present invention; _

FIG. 3 is a perspective view of a base for a
module according to an embodiment of the present
invention. ‘ ' .

FIGS. 4A, 4B, and 4C are front, top, and side
cross-sectional schematic views, respectively, of a
module according to an embodiment of the present
invention:;

FIG. 5 is a perspective, exploded view of a
cabinet of a module according to an embodiment of the
present invention: | )

FIG. 6 is a cross-sectional side view of a
cabinet of a module according to an embodiment of the
present invention; |

FIG. 7 is a perspective, exploded view of a
subrack assembly of a module according to an embodiment
of the present invention;

FIG. 8 is a perspective, exploded view of a fan
assembly of a module according to an embodiment of the
present invention:;

FIG. 9 is a top view of a distribution plate of
a module accofding to an embediment of the present
invention;

FIGS. 10A, 10B, 10C, and 10D are partially
cross-sectional, front schematic views of arrangements
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for mounting the fan assembly and the subrack in the
cabinet according to embodiments of the present
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invention:;
FIGS. 11A, 11B, and 11C are front, side, and

top cross-sectional schematic views, respectively, of a
module according to another embodiment of the present
invention; and

FIGS. 12A, 12B, and 12C are front, side, and
top cross-sectional schematic views, respectively, of a
module according to another embodiment of the present

invention.

]

DETAILED DESCRIPTION

With reference to FIGS. 1 and 2A, 2B, and 2C, a
modular packaging system 21 for electrical equipment is
shown. The modular packaging system 21 includes two or
more modules 25, which are adapted to be arranged
vertically relative to one another in a stack 23, as
seen, for example, in FIGS 1, 2A, and 2B. The modules 25
of the modular packaging system 21 are also adapted to be
arranged horizontally relative to one another in a side-
by-side relationship, as seen in FIG. 2A, and in a back-
to-back relationship, as seen in FIG. 2C. Further, as
seen in FIG. 2A, each stack 23 of modules 25 is adapted
to be horizontally arranged relative to one another, next
to another stack 23’. The modules 25 and stacks 23 of

- modules may aiso, of course, be secured to walls by means

such as bolts.
Each module 25 contains electrical equipment

(hot shown). Some of the electrical equipment may
generate relatively substantial amounts of heat which

must be dissipated to prevent damage or equipment
malfunction. In accordance with a preferred embodiment,

the electrical equipment is equipment for use in a radio



cabinet, through the interior, out the second opening of the cabinet, and
into thav@is4s14388ft such that the interior of the cabinet | BCT/ISEN/IO8LS] Y
cooled; and a chimey fornmed by aligning the air shafts of two or nore
.nndules arranged vertically relative to one another.

with a further aspect of the present invention, there is prﬂ%hﬁggH%
packagi ng systemfor a radio base station, conprising: tw o

adapted to encl ose el ectrical equiprent, each rodul e |nclud| ‘ﬁi
rectangul ar cabinet having eight corners defining an |nter|o

receive the electrical equipnment, the cabknet-being forned mnth a flrst and
a second opening, the cabinet further being formed wwth a first vertical
space extendi ngoduas ettt don of a cellular telephone communication

systemn.
The modules 25 are preferably raised from

dlrect contact with the floor by a base 27. “As seen in
5 FIG. 3, the base 27 is preferably formed with bolt holes
29 for secufing the base to a floor with bolts (not
shown). The base 27 is thus adapted to be secured to
- different types of floors under many different types of
conditions. |

10 With reference to FIGS. 4A, 4B, and 4C, a
module 25 is shown in schematic form. Each module 25
includes a cabinet 31, such as is seen in FIGS. 5 and 6.
Each module 25 furthe£ includes a subrack 34. The
subrack 34 is part of a subrack assembly 33, seen in FIG.

15 7, and is adapted to enclose electrical components. Aas
seen in FIGS. 4A, 4B, and 4c,'the subrack 34 is mounted
in the cabinet 31, and a fan assembly 35 is disposed, in
the cabinet, above the subrack for forcing cooling air
through the subrack assembly 33 to cool the electrical

20 components disposed therein.

The cabinet 31, the subrack assembly 33
including a subrack 34, and the fan assembly 35 are
mounted such that they form a left and right cable chute
37, 39 at the front of the module, and an air intake

25 passage 41 beneath the subrack assembly, as seen, for
example, in FIGS. 4A and 4C. As seen in FIG. 2A, the
left and right cable chutes 37, 39 and the air intake
passages 41 facilitate extending vertical cables V and
horizontal cables H, which are preferably shielded,

30 Dbetween modules 25 that are positioned vertically or
horizontally relative to other modules. As seen in FIG.
2C, one or more passagés 42 extend between openihgs 42a
in a rear cabinet wall 89 and an inner cabinet wall 75 to
the intake passage 41 to provide access to the interior



top and a bottom opening, the first vertical space being disposed within

. the eight corners of the cabinet, the cabinet further having a verti cal
inner oppidaalpese! | and a rear cabinet wall, the inner cabingér/égédniess the

rear cabinet wall defining a second vertical space, the second opening

‘extendi ng through the inner cabinet wall, ‘and neans for fercing—air—through—
the first opening of the cabinet, through the interior of the cabinet, out

t he second opening of the cabinet, and into the second ver tihjsShee e ged
that the interior of the cabinet is continuously cool ed;.and

cable chute fornmed by aligning the second vertical spaces of

nmodul es arranged vertically relative to opegapother. I n accordance

with a further aspect of the present

of cabinets 31 from the rear, such as for purposes of
extending cables into the cabinet from the rear. The
passages 42 also facilitate extending cables between
modules arranged in back~to-back relation. The air
5 intake passage 41 is ordinarily sized such that any

horizontal cabling H running through the air intake
passage does not excessively block the flow of cooling
air through the subrack assembly 33. In accordance with
a presently preferred embodiment, the intake passage 41 -

10 is sized, and the amount of cables are limited, such that

'~ no more than 25% of the passage is blocked.

' The cabinet 31 also includes an air shaft 43
formed by the inner cébinet wall 75 behind the subrack

: assembly 33, as seen in FIGS. 4B and 4C. As seen in FIG.

15 2B, the air shafts 43 of vertically stacked modules 25
form an air shaft or chimney common to all of the
vertically stacked modules. The air shafts 43 forming a
common chimney are each sized such that, when cooling air
flows through the module 25 to the air shaft to dissipate

20 heat, air pressure in the shaft is lower than air
pressure at preceding points in the air flow path,
thereby ensuring that air does not stagnate in the
module. The fan assembly 35, of course, substantially
aids in ensuring air flow. Air in the air shaft 43 is

25 preferably directed upward and ocut of the shaft by a _
combination of natural convection and by the fan assembiy
3s. |

As seen in FIG. 5, the cabinet 31 is a

substantially square- or rectangular-shaped member. The

30 front of the cabinet 31 is defined by the ends 47, 49,
51, and 53 of four horizontal arms 55, 57, 59, and 61.
The arms 55, 57, 59, and 61 extend in the same direction
from the left top corner 63, the right top corner 65, the
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left lower corner 67, and the right lower corner 69 of

the cabinet 31.
A cover 71 is removably attachable to the ends
47, 49, 51, and 53 of the arms 55, 57, 59, and 61. The
S cover 71 is preferably formed with one or more rows of
apertures 73 for ventilation of the interior of the
cabinet 31. The cover 71, the arms 55, 57, 49, and 61,
and the four-sided cabinet 31 define vertical and
horizontal openings. As seen in FIG. 1, vertical and
10 horizontal openings of cabinets 31 are adapted to be
covered with plates 74, such as at sides and tops of the
stacks 23 of the modular packaging system 21.
According to'a presently preferred embodiment,
the cover 71 is attached to the ends 47, 49, 51, and 53
15 of the arms 55, S7, 59, and 61 by screws (not shown) so
| that the cover is adapted to be opened and closed to °
facilitate access to the interior of the cabinet 31.
However, the cover 71 may'he attached to the ends 47, 49;
$1, and 53 of the arms 55, 57, 59, and 61 by other
20 attaching means, such as.hiﬁges (not shown) to form a
swinging door. Further, if desired, the cover may be
omitted entirely.
The inner cabinet wall 75 extends,
horizontally, from the left side 77 to the right side 79
25 of the cabinet 31 and, vertically, from the bottom side
81 and substantially to the top side 83 of the cabinet.
In the embodiment shown in FIG. 5, the inner cabinet wall
75, portions of left and right cabinet walls 85, 87, and
the rear cabinet wall 89 define the air shaft 43. The
30 passage is formed by conventional conduit tubing (not
shown) extending between openings 42a in the inner
cabinet wall 75 and the rear cabipet'wall 89. The
passage 42 may, alternatively, be defined by additional
wall members forming a duct extending through the air
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openi ng, and neans for forcing air through the first opening of the
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anot her . In accordance with a further aspect of -the A e
invention, there is provided a nodul e for a nodul ar packagi mlﬂll\l‘ I
conprising: a cabinet, the cabinet having four sides and f

arns extending in the sanme direction frenmgfour corners of the cabinet,

t he cabi net including a cover renovably attachable to ends of the four

arms, the covesha#¥e4®) nBuchndst §8 shown schematically in FIGS. 4A, 4B,
and 4C. The inner cabinet wall 75 preferably also
provides structural rigidity to the cabinet 31 by acting
as a strut which resists deformation of the cabinet, such
5 -as by twisting or compression of the cabinet.
Preferably, at least portions of the inner cabinet wall
75 extend across the entire width and height of the
cabinet 31 to provide the additional structural rigidity.
_ The inner cabinet wall 75 thus enhances the ability of
10 the cabinet 31 to withstand adverse environmental
conditions such as earthquakes.
As seen in FIG. 6, air passes through the air
shaft 43 from an openihg 91 in the bottom cabinet wall 93
to an opening 95 in the top cabinet wall 97. A top
~15 portion 99 of the inner cabinet wall 75 is preferably
bent and forms a passage 101 between the top cabinet wall
97 of the cabinet and the inner cabinet wall such that
air flow is permitted through the apertures 73 in the
cover 71, on through the passage, and out into the air
20 shaft 43. Bending the top portion 99 of the inner
cabinet wall 75 facilitates directing the flow of air ocut
of the cabinet 31 in a desired upward direction into the
air shaft 43 so that air flow in the air shaft is not
hindered. The passage i01 may, however, be formed as a
25 gap between the top cabinet wall 97 and the inner cabinet
wall 75, such as by forming the inner cabinet wall so
that it does not quite reach the top cover or by forming
holes in the inner cabinet wall. Ordinarily, large
portions of the top cabinet wall 97 are omitted from the
30 module 25, as seen, for example, in the cabinet 31 shown
in FIG. S5, particularly when the module is one of the
lower modules in a stack 23 of modules. When the top
cabinet wall 97 is omitted from the module 25, the
passage 101 is formed between the inner cabinet wall 75
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assenbly and-the cabinet, the first and second spaces exten
apertures in the cover and the outlet op ﬂ%n respectively; and
for forcing air through the apertures in t cover, through the subrack
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‘modules in the stack 23.
As seen, for example, in FIG. 7, the subrack

assembly 33 includes a subrack 34. The subrack assembly

§ 33 is removably mounted in the cabinet 31 such that, as
seen in FIGS. 4A and 4C, the air intake passage 41 is
formed between the bottom cabinet wall 93 and a bottom
subrack wall 105. A rear subrack wall 107 is next to the

inner cabinet wall 75.
10 '~ As seen in FIG. 7, left and right subrack walls

109, 111 preferably include brackets 113 having bolt
holes 115 for bolting ghe subrack 34 in position on
. attachment assemblies 117 having bolt holes 119 on the
left and right cabinet walls 85, 87, as seen in FIG. 5.
15 A forward portion of the subrack 34_preferably extends
into the area defined by the arms 55, 57, 59, and 61 of
the cabinet 31 and partially defines, with the arms and
the cover 71, the left and right cable chutes 37 and 39.
The front subrack wall 121 of the subrack 34 may extend
20 so far as to be flush against the cover 71, without
covering the apertures 73 in the cover, but preferably
partially defines a space between the cover and the front
subrack wall, as seen, for example, in FIG. 4C, to
facilitate the flow of air entering through any of the
25 apertures in the cover to the intake passage 41.

As seen in FIG. 4A and 4C, the fan assembly 35,
which is discussed further below, is mounted in a space
defined by the top 123 of the subrack 34 and the top
cabinet wall 97 of the cabinet 31. The top 123 of the

30 subrack 34 and the bottom subrack wall 105 are preferably
screened or apertured so that the fan assembly 35 forces
air from the intake space 41, through the subrack
assembly 33, out the passage 101, and into the air shaft
43. By providing the top 123 of the subrack 34 and the



the interior of the subrack assenbly; wherein the nodule is adapted to be
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spaceswef s4/iagegodul es are aligned, and the nodul e i s adapt pgriskeso10s4
.horizontally arranged rel ative to another nodule such - ‘
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bottom subrack wall 105 with numercus, relatively small
openings through which air can pass, such as through use
of screens or perforated plates, electromagnetic
shielding of electrical components in the subrack

5 assembly-sé is facilitated. :

' The subrack assembly 33 seen in FIG. 7 includes
the subrack 34, a card cage 125, and a back plane or
wiring unit 127. The card cage 125 fits inside the
subrack 34 and is adapted to receive a plurality of

10 printed board assemblies 129 on which electrical
components (not shown) are mounted. The card cage 125
includes a top card cage wall 131, a left card cage wall
133, a right card cage'wall 135, and a bottom card cage
wall 137 and the back plane or wiring unit 127 is

15 disposed at a rear edge of the card cage. The top card
cage wall 131 and the bottom card cage wall 137, like the
top 123 of the subrack 34 and the bottom subrack wall
105, permit the flow of air forced through the subrack
assembly 33 by the fan assembly 35 and are preferably-

20 screened or apertured.

It is, of course, possible to mount electrical
equipment other than equipment of the type that can be
mounted on printed board assemblies 129 in the subrack
34. For example, other equipment may be provided with

25 Dbrackets for attachment to the attachment assemblies 117
in the cabinet, or may be placed in the subrack 34 so
that the brackets 113 on the subrack can be attached to
the attachment assemblies. Such equipment includes
printed board assemblies 129, combiners, high power

30 equipment, ac/DC equipment, distribution units, power
connection blocks power splitters, etc. Further, the
equipment includes antenna near parts such as star .
Junctions, directional couplers, diversity equipment,
etc. Components on printed board assemblies 129 include
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transceiver modules, reference oscillator units, cha
tester modules, signal strength receiver modules, pover
monitor units,'control channel redundancy switches,
control channel modules, etc.

Printed board assemblies 129 on which
electrical components are mounted are vertically arranged
in the card cage 125 so that air flow through the bottom
subrack wall 105 and the bottom card cage wall 137 is
forced past the printed board assemblies to provide
cocling and flows out of the top card cage wall 131 and
through the top 123 of the subrack 34. Cooling of the
subrack 34, the back plane or wiring unit 127, the card
cage 125, the printed Loard assemblies 129 or other
features of the module 25 may be further facilitated by
providing fins (not shown) on those features so that
greater surface area of the features is exposed to
cooling air flow forced through the module by the fan
assembly 35. Some degree of electromagnetic shielding
for the electrical components contained in the subrack
assembly 33 is preferably provided by one or both of the
subrack 34 and the card cage 125, in additien to
permitting air flow for ventilation of electrical
components.

The printed board assemblies 129 preferably
include pins (not shown) for forming electrical
connections with banks of receptacle units 139 attached
on the back plane or wiring unit 127. The receptacle
units 139 on the back plane or wiring unit 127 support
the printed board assemblies in an upright position in
the card cage 125. Conductors (not shown) electrically
connect the receptacle units 139 on the back plane or
wiring unit 127 to cables passing a shielding wall of the
subrack that are connected to a clamping mechanism 141.
The clamping mechanism 141 is mounted on the exterior of



fhe hori zont al

rear wal
" cabl e wplef14oes ends froma front of a first one of the cabppg/sges

of a second one of the cabinets.

DRAW NGS

10

15

20

25

30

spaces.of two or nore of the nodul es arranged horizontally,

torear wall, relative to one another, such that the horizonta
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the subrack 34. Shielded cables (not shown) from other
modules 25 or from points external to the modular
packaging system 21 are clamped by the clamping mechanism
141 and are thereby grounded to the subrack 34. The
cables are then connected to electrical components
mounted on the printed board assemblies 129 through the
conductors, the receptacle units 139 on the back plane or
wiring unit 127, and the pins on the printed board
assemblies. The individual printed board assemblies 129
are adapted to be inserted and removed from the subrack
assembly 33 without the need for extensive rewiring,
thereby'facilitating maintenance of the modules 25 by
wholly removing and reélacing printed board assemblies.
The fan assembly 35 is removably mounted in the
cabinet 31 above the subrack assembly 33 in the space
defined by the top 123 of the subrack 34 and the top
cabinet wall 97. As seen, for example, in FIG. 4C, air
flow through the module 25 is primarily directed in a
path passing through the apertures 73 in the cover 71,
through the intake passage 41, vertically up through the
subrack assembly 33, through the bottom 161 of the fan
assembly 35, through the passage 101, and up into the air
shaft 43. As seen in FIG. 8, the fan assembly 35
includes means for forcing cooling air through the module

- 25, preferably a pair of radial- or centrifugal-type fans

163.
The two fans 163 are preferably redundant and

provide a ventilation back-up arrangement, in the event
that one of the fans is disabled, thereby permitting
continued operation of the electrical equipment in the
module even after the failure of one of the fans. 1In

' accordance with the presently preferred embodiment, the

fans 163 are mounted above a distribution plate 165
defining the bottom 161 of the fan assembly with the
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The features and advantages of the present invention will

understﬂag"pﬁsﬂseadi ng the follow ng detailed description i pcapskesagdsson
i raw ngs in which Iike nunerals indicate |ike elenents and in

FIG 1 is a perspective view of a nodul

suction end of the fans facing apertures 167 formed in
the distribution plate. As seen, for example, in FIG. 9,
the apertures 167 in the distribution plate 165 are
formed in patterns which, if necessary, can be arranged
to concentrate air flow through the subrack assembiy 33
in a desired manner, such as when particular printed
board assemblies 129 generate more heat than other

printed board assemblies in the card cage 125.
The apertures 167 in the distribution plate 165

~are ordinarily arranged in an evenly spaced manner so

that the fans 163 develop an even flow through the
subrack assembly 33, regardless of whether one fan or
both fans are operatiné. The apertures 167 may be
arranged in such a manner that, while both fans 163 _
operate, a primary air flow pattern through the subrack
assembly 33 is established. When one of the fans 163 is
disabled, the same arrangement of apertures 167
establishes a secondary air flow pattern, which is
preferably substantially identical to the primary air
flow pattern, even though only one fan is operating.

The fan assembly 35 further includes a fan
housing 169 which is attached over the fans 163 and the
distribution plate-165. The fan housing 169 includes a
front fan wall 171, a rear fan wall 173, and a top fan
wall 175. In accordance with the presently preferred
embodiment, the front fan wall 171 and the rear fan wall
173 are formed with bracket portions 177 for bolting the
fan housing 169 to the distribution plate 165. Exhaust
shafts 179 are preferably connected to each of the fans -
163 and extend through cut outs in the rear fan wall 173.
The exhaust shafts 179 further direct the flow of air
exiting the fan assembly 35 through the passage 101 and
upward in the air shaft 43. A left fan wall 181 and a
right fan wall 183 are attached, such as by bolts (not

of the present invention; - FIGS. 2A, 2B, and 2C

and top cross-sectional s_chemat ic views, Wmiiﬂirﬁ’iﬁm‘(

.bEf



the present invention; : FIG 3 is a perspective view of a base for
a.nodul e according to an enbodi nent of the present invention.
FI GS. wéd.94AAs0gand 4C are front, top, and side cross-secti opey/seaiost i C

_Vviews, respectively, of a nDduIe according to an enbodi nent of the present
I nventi on; FIG 5 is a perspective, exploded view-of—a—cabtnet—of

a nodul e accordlng to an enbodi ment of ‘the present.invention;
FIG 6 is a cross-sectional side view of a cabinet of a Eﬁﬁmﬁﬁ “Trcfd
an enbodi nent of the present invention; FIG 7 is
expl oded view of a
- 17 -

shown), to the fan housing 169 and the distribution plate

165. The left fan wall 181 and the right fan wall 183

are preferably attached to brackets 185 for mounting the

fan assembly 35 in a desired position on corresponding

5 brackets (not shown) in the cabinet 31.

It is desirable to be able to completely remove
the fan assembly 35 from the cabinet 31, such as for
servicing the fans or so that a new modular fan assembly
can be inserted in place of an existing fan assembly.

10 The fan assembly 35 is therefore of a size and shape such
that it is easily inserted into and removed from the
space defined by the top cabinet wall 97 and the top 123
of the subrack 34. Thé fan assembly 35 is preferably at
least insertable into and removable from the space

15 defined by the top cabinet wall 97 and the top 123 of the
subrack through the front of the cabinet 31 when the
cover 71 is opened. In accordance with another |
embodiment, the fan assembly 35 is also insertable into
the space between the top cabinet wall 97 and the top 123

20 of the subrack 34 through the top side 83 of the cabinet
through openings in the top cabinet wall 97 when ancther
module 25 is not positioned over the cabinet. In '
accordance with a presently preferred embodiment, the fan
assembly 35 is mounted above the top 123 of the subrack

25 34 on the top fan wall 175. A small space 187 is formed
between the top of the subrack and the distribution plate
165 on the bottom 161 of the fan assembly, as seen in
FIG. 10A. The distribution plate 165 facilitates |
development of an even flow pattern through the subrack

30 assembly 33 by "choking" the air (shown by dotted arrows) .
in a desired direction, even when one of the fans 163 is
not operating.

The suction of the fans 163 and the choking
provided by the apertures 167 in the distribution plate



subrack assenbly of a nodul e according to an enbodi nent of the present

I nventi on; FIG 8 is a perspective, exploded vie
: eﬁgﬂgﬂgﬁb@%tion

assenbWOAM14308pqul e according to an enbodi ment of the pr !
FIG 9 is atop viewof a distribution plate of a nodulLe_according to an

* enbodi nent of the present invention; FI GS. 10A, 10B, 10C, and 10D

are partially cross-sectional, front schematic views of ﬁﬁlﬁl!,ait" l""m”'eilla,ced
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165 make the pressure in the fan assembly 35 lower than
the pressure in the choke space 187 and the subrack
assembly 33. The pressure differential causes an air
flow through each individual aperture 167 proportional to -
§ its size. Equally spaced, equally sized apertures 167
causes the development of a substantially even flow
pattern over the surface of the distribution plate 165.
Variation in aperture 167 size and spacing permits
development of a more guided flow pattern, thereby

10 facilitating cuétomizing modules 25 for cooling of
different types of electrical equipment. The
distribution plate 165 thereby facilitates formation of
desired air flow patterns independent of the location of
the fans 163 in the fan assembly 35.

15 In another embodiment, seen in FIG. 10B, a
distribution plate 165 is disposed between an air-
permeable bottom 161 of the fan assembly 35 and an air-
permeable top 123 of the subrack 34 in the choke space
187. The air-permeable bottom 161 of the fan assembly 35

20 and the air-permeable top 123 of the subrack 34 may

' include distribution plates 165. In accordance with
still another embodiment, seen in FIG. 10C, distribution
Plates 165 define the top 123 of the subrack 34 -and the
bottom 161 of the fan assembly 35 and the choke space

25 187.

The fans 163 are preferably attached to the top
fan wall 175, as seen in FIGS. 10A, 10B, and 10D, and the
fan housing is detachable from the subrack 34 and
removable from the cabinet 31 for maintenance of the

30 fans. However, the fans 163 may be mounted on ancther
air permeable member, as seen in FIG. 10C, such as
another distribution plate 165 defining the bottom 161 of
the fan assembly 35. Further, the bottom 161 of the fan
assembly 35 may be left open, as seen in FIG. 10D.
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FIGS. 11A, 11B, and 11C
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Thus far, the modules 25 have been described in
ternms of a preferred embodiment in which an air shaft 43
is defined by the rear cabinet wall 89 and the inner
cabinet wall 75. In ancther embodiment, seen in FIGS..
112, 11B, and 11C, a module 25’ includes an air shaft 43
formed by an inner cabinet wall 75 extending from the -
rear cabinet wall 89 to a point near the front of the
cabinet 31 so that the air shaft is defined by the left
cabinet wall 85 and the inner cabinet wall. The air
shaft 43 may also be defined by, for example, the right
cabinet wall 87 and the inner cabinet wall 75.

Thus far the'modules 25 have been described in
terms of the preferred embodiment in which fans 163 are
mounted above the subrack assembly 33 so that air is
sucked through the subrack assembly. In another
embodiment, seen in FIGS. 12A, 12B, and 12C, a module
25’’ includes a fan assembly 35/ mounted in the intake
space 41 below the subrack 34. The fan assembly 35/
blows air vertically up through the subrack assembly 33.
Further, the direction of air flow through the module 25
may be reversed or altered from the preferred embodiment
in which air is forced vertically upﬁard through the
subrack assembly 33. The modules may, for example,
provide air flow paths through the subrack whereby the
air is forced vertically downward through the subrack

- 19 =

- assembly 33 or horizontally across the subrack assembly.

The fan assembly 35 may, of course, be disposed at any
position in which it is capable of forcing sufficient
cooling air through the subrack. assembly 33. |

The modular packaging system 21 facilitates
construction and maintenance ¢f customized electronics
systems such as radio base stations for cellular
telephone communications systems.  For example, the
individual modules 25 are preferably sized such that they



nodul e according to anot her enbodi nent of the present invention; and

FI.GS. 12A, 12B, and 12C are front, side, and top cross-sectional schematic
vi ews, werpgrszogel y, of a nodul e accordi ng to anot her enmbod®OTiSEI3NL054he
present invention. DETAI LED DESCRI PTI ON Wth

“reference to FIGS. 1 and 2A, 2B, and 2C, a nodul ar packagi-hg-—-system2t—Ffor—
el ectrical, equi pnent is shown. The nodul ar packagi ng syste 1_incluges_t
or nore nodul es 25, which are adapted to be arranged vertiggﬁ%mw ai]jﬁlifﬁém

" one another in a stack 23, as seen, for exanple, in FIGS 1,
nmodul es 25

- 20 =
are conveniently carried by an individual. Further, as
seen in FIG. 2A, when individual modules 25 are arranged
vertically relative to one another, the left and right
cable chutes 37, 39 of one module align, respectively,

5 with the left and right cable chutes of upper and lower
modules and facilitates forming electrical connections
between modules arranged above and below one another. As
seen in FIG. 2B, the air shafts 43 of the vertically
arranged modules 25 align and form a common chimney,

10 thereby facilitating efficient ventilation of a number of
vertically arranged modules.

When modules ?5 are arrangéd horizontally
relative to one another in a side-by-side arrangement,
the left cable chute 37 of one module is positioned

15 adjacent the right cable chute 39 of another module, as
seen in FIG. 2A, thereby facilitating forming electrical
connections between modules arranged horizontally, side-
by-side. When modules 25 are arranged horizontally
relative to one another in a back-to-back arrangement,

20 the openings 42a in the rear cabinet wall 89 are aligned
with one another so that the passages 42 in each module
extend to the intake passage 41, as seen in FIG. 2¢C,
thereby facilitating forming electrical connections
between the modules through the passages and the intake

25 passage. The geometrical flexibility of the modular
packaging system 21 permits, in many-cases, the use of
existing buildings or areas as sites for the systen.

Further, the modularity of the modular
packaging system 21 lends to simplified construction of

30 customized electronics systems such as radio base
stations for cellular telephone communications systems.
Standardized units such as interchangeable modules 25 and
printed board assemblies 129 can be constructed and
tested at a central manufacturing and testing site and



of . t he nodul ar packagi ng system 21 are al so adapted to be arranged
horizontally relative to one another in a side- by-side relationship, as

seen | wgr$4a43@8. and in a back- to-back relationship, as spgfy 2C.

.Further, as seen in FIG 2A, each stack 23 of nodules 25 is adapted to be

horizontally arranged relative to one another, next to another stack 23—
be secured to

The nodul es 25 and stacks 23 of nodul es may al so, of course, g
wal | s by means such as bolts. Each modul e 25 corftisS ?
equi pnent (not shown). Sone of the electrical equipnent may H

rel atively substantial amounts of heat which nust be dissip
damage or equi pnent nal function. In accorgance with a preferred enbodlnent
~the electrical equipnment is equipnment for use in a radio

warehoused as needed for installation in new, or
replacement in existing modular packaging systems 21. _
The standardization of features of the modular packaging
system 21 permits the use of less highly skilled

S5 technicians in the construction and maintenance of the
system. Further, standardization and interchangeability
permit quick replacement of damaged or faulty modular
packaging system 21 components, which is of great
importance in fields such as communications.

10 It is, of course, possible to embody the
invention in specific forms other than those described
above without departing from the spirit of the present
invention. The embodiments described above are merely
illustrative and should not be considered restrictive in

15 any way. The'scope of the invention is given in the
appended claims, rather than the preceding description,
and all variations and equivalents which fall within the
range of claims are intended to be embraced therein.
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1. A modular packag;ng system for electrical
equipment, comprising:
two or more modules adapted to enclose
electrical equipment, each module including
a cabinet including an interior adapted to
receive the electrical equipment, the cabinet including
an inner cabinet wall forming an air shaft, the cabinet
being formed with a first and a second opening, the:
second opening being formed in the inner cabinet wall,
and ,
means for forcing air through the first
opening of the cabinet, through the interior, out the
second opening of the cabinet, and into the air shaft
such that the interior of the cabinet is continuously

cooled; and
a chimney formed by aligning the air shafts of

two or more modules arranged vertically relative to one

another.

2. The modular packaging system as set forth
in claim 1,'wherein, in each module, the cabinet further
includes a vertical space extending between a top and a
bottom opening in the cabinet, the modular packaging
system further comprising a vertical cable chute formed
by aligning the vertical spaces of two or more modules
arranged vertically relative to one another.

3. The modular packaging system as set forth
in claim 1, wherein, in each module, the cabinet further
includes a horizontal space extending between a left and
a right opening in the cabinet, the modular packaging'
system further comprising a horizontal cable chute formed

) O O




system ' The nodul es 25 are preferably raised from direct
-~ contact wth the floor by a base 27. As seenin FIG 3, the base 27 is

prefer 4o yassigoged With bolt holes 29 for securing the basgcgﬁngg dB?r W th
.bolts (not shown). The base 27 is thus adapted to be secure ferent
types of floors under many different types of conditions Wth

reference to FIGS. 4A, 4B, and 4C, a nodule 25 is shown in schematic form
Each nmodul'e 25 includes a cabinet 31, such as is seen in FITBSShét HasdBedh Replaced
Each nodul e 25 further includes a subrack 34. The subrack 34 umﬁm 'M

subrack assenbly 33, seen in FIG 7, and is adapted to enclo

conponents. As seen in FIGS. 4A 4B and %9, the subrack 34 is nnunte
by aligning the horizontal spaces of two or more modules

arranged horizontally relative to one another.

4. The modular packaging system as set forth
S in claim 2, wherein, in each module, the cabinet further
includes a horizontal space extending between a left and
a right opening in the cabinet, the modular packaging
system further comprising a horizontal cable chute formed
by aligning the horizontal spaces of two or more modules
10 arranged horizontally relative to one another.

5. The modular packaging system as set forth
in claim 4, wherein, in each module, the cabinet has four
sides and includes four horizontal arms extending in the

15 same direction from four corners of the cabinet and a
cover removably attachable to ends of the four arms, the
cover, the arms, and the sides defining the top and
bottom openings between which the vertical space extends
and the left and right openings between which the

20 horizontal space extends.

6. -The modular packaging system as set forth
in claim 1, wherein each module further includes means,
- disposed in the cabinet, for distribufing air forced
25 through the interior by the air forcing means in a
primary air flow pattern. .

7. The modular packaging system as set forth
in claim 6, wherein, in each module, the air forcing
30 means includes a pair of fans and the distributing means
is formed such that, upon failure of either one of the
fans, a secondary air flow pattern is established.

O D



in the cabinet 31, and a fan assenbly 35 is disposed, in the cabinet, above
t he subrack for forcing cooling air through the subrack assenbly 33 to cool
t he el ecWQ 84(1438bnponent s di sposed therein. - The cRGTINEIBO1954t he
subrack assenbly 33 including a subrack 34, and the fan assenbly 35 are
mount ed such that they forma left and right cable chute 37, 39 at the

front of the nodul e,

assenbly, as seen, for exanple, in FIIGS. 4A and 4C. As seen

| eft and right cable chutes 37, 39 and the air intake passageHlmmmtmlll
facilitate extending verti cal cables v and horizontal cables

preferably shiel ded, between nodul es 25 thak4are positioned vertically or

horizontally relative to other nodules. As seen in FIG

10
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8. The modular packaging system as set forth
in claim 1, wherein each module further includes an air-
permeable subrack assembly adapted for mounting the

electrical equipment therein, the subrack assembly being

mounted in_the cabinet such that first and second spaces
are formed between the subrack assembly and the cabinet,
the first and second spaces extending to the first and

second openings, respeétively.

9. The modular packaging system as set forth
in claim 1, further comprising a base upon which a
vertical stack of modu;es-is mountable.

10. The modular packaging system as set forth
in claim 1, further comprising a chimney cover attachable
above the chimney, and wherein, in each modﬁle,_the air
fo:cing means includes.a housing, a top surface of the
housing of a top one of the two or more vertically
arranged modules and the cover forming a top cover of a
stack of modules. '

11. A modular packaging system for a radio

base station, comprising: - .
two or more modules adapted to enclose

.eiectrical equipment, each module including

_ . a cabinet including an interior adapted to
receive the electrical equipment, the cabinet being
formed with a first and a second opening, the cabinet
further being formed with a vertical space extending
between a top and a bottom opening, and

' means for forcing air through the first
opening of the cabinet, through the interior of the
cabinet, and out the second opening of the cabinet such

* [ L ] s *

and an air intake passage 41 beneath thﬁlsgbgg{}@agbeen;{e laced



2C, one or nore passages 42 extend between openings 42a in a rear cabinet
wal | 89 and an inner cabinet wall 75 to the intake passage 41 to provide

s access“tcpggm nterior _ PCT/SE93/01054
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that the interior of the cabinet is continuocusly coocled:;

and
a vertical cable chute formed by aligning the

vertical spaces of two or more modules arranged
S vertically relative to one ancther..

12. A modular packaging system for a radio
base station, comprising: '
two or more modules adapted to enclose

10 electrical equipment, each module including
a cabinet in which the electrical

equipment is disposed, the cabinet being formed with a
first and a second opening, the cabinet further being
formed with a horizontal space extending between a left

15 and a right opening, and ' .
means for forcing air through the first

opening of the cabinet, through the interior of the
cabinet, and out the second opening of the cabinet such
that the interior of the cabinet is continuously cooled;

20 and
a horizontal cable chute formed by aligning

the horizontal spaces of two or more modules arranged
horizontally relative to one another.

25 13. The modular packaging system as set forth
in claim 12, wherein, in each module, the cabinet further
includes a vertical sﬁace extending between a top and a
bottom opening in the cabinet, the modular packaging
system further comprising a vertical cable chute formed

30 Dby aligning the vertical spaces of two or more modules
arranged vertically relative to one another.

14. A module for a modular packaging systen,
comprising: S

R



-9- of cabinets 31 fromthe rear, such as for purposes of extending

cables into the cabinet fromthe rear. The passages 42 also facilitate

ext endi nyw@Eodri4368 bet ween nodul es arranged in back-to-back rptEISEI3r01058he
i ntake passage 41 is ordinarily sized such that any horizontal

gggling H running through the air intake passage does noLﬂexsess+*4#¢#——————
bl ock the flow of cooling air through the subrack assenbly 33. In laced
accordance with a presently preferred enbodi nent, the int
is sized, and the amount of cables are limted, such t hat ﬂﬁiﬁmﬁﬁ ﬁ
of the passage is bl ocked. The cabinet 31 also in
shaft 43 _ - 26 -
a cabinet, the cabinet having four sides and
. four horizontal arms extending in the same direction from
four corners of the cabinet, the cabinet including a
cover removably attachable to ends of the four arms, the
5 cover, the arms, and the sides defining top and bottom
cabinet openings between which a vertical space extends
and left and right cabinet openings between which a
horizontal space extends, the cover being formed with
apertures, the cabinet being formed with an outlet
10 opening; ,
an air-permeable subrack assembly, electrical
equipment being adapted to be mounted in the interior of
the subrack assembly, the subrack assembly being hmunted
in the cabinet such that first and second spaces are
15 formed between the subrack assembly and the cabinet, the
first and second spaces extending to the apertures in the
cover and the outlet opening, respectively; and
means for forcing air through the apertures in
. the cover, through the subrack assembly, -and out the
20 outlet opening of the cabinet to permit continuous
cooling of the interior of the subrack assembly;
wherein the module is adapted to be vertically
arranged relative ‘to another module such that the
vertical spaces of the modules are aligned, and the
25 module is adapted to be horizontally arranged relative to
another module such that the horizontal spaces of the

modules are alzgned.

15. The module as set forth in claim 14,

30 further comprising means, disposed both on the exterior
of and on the interior of the subrack assembly, for
forming electrical connections with electrical equiphent
mounted in the interior of the subrack assembly.

R



formed by the inner cabinet wall 75 behind the subrack assenbly 33, as
seen in FIGS. 4B and 4C. As seen in FIG 2B, the air shafts 43 of

vertic
of the

| ower than air ‘pressure at preceding points in the air fl dhsB as B
ensuring that air does not stagnate in the nodule. The fanL

substantially aids in ensuring air flow Ar in

ked nodules 25 forman air shaft or chinnewfgmﬁgymﬂg;zﬂl

vértically stacked nodul es. The air shafts 43 formng a commobn
“chimey are each sized such that, when cooling air flows through the
nodule 25 to the air shaft to dissipate heat, air pressure in the shaft

- of course,

43 i s
nat ur al

preferably directed upward and ouf &4 Lhe shaft by a combination

convection and by the fan assenbly  35.
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16. The module as set forth in claim 15,
wherein the subrack assembly and the electrical
connection means provides electromagnetic shielding for
equipment mounted in the interior of the subrack

assembly.

17. The module as set forth in c;aim 14,
wherein the cabinet further includes an interior cabinet
wall defining, with a rear wall and portions of left and
right walls of the cabinet, an air shaft, the air shaft
extending between the outlet opening of the cabinet and a
bottom opening of the cabinet, the interior cabinet wall
being formed with an interior cabinet wall opening
through which air forced by the air forcing means through
the subrack assembly passes to the air shaft and ocut the
outlet opening of the cabinet.

18. The module as set forth in claim 17,
further comprising a passage extending between an opening
in the inner cabinet wall and an opening in the rear wall
and wherein, when the module is horizontally arranged
relative to another module, the copenings in the rear
walls of the modules are aligned.

19. The module as set forth in claim 17,
wherein, when the module is vertically arranged relative

to another module, the air shaft of the modules are

aligned and form a chimney.

20. The module as set forth in claim 17,
wherein the inner cabinet wall resists deformation of the

cabinet.

* c L M s *
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As seen in FIG 5, the cabinet 31 is a substantially square- or
rect angul ar-shaped nenber. The front of the cabinet 31 is defined by the
ends 47WwoMa1456, and 53 of four horizontal arns 55, 57, 593 1054 he

arnms 55, 57, 59, and 61 extend in the same direction fromtheleft top -

" corner 63, the right top corner 65, the )
This Sheet Has Been Reilaced

R

21. The module as set forth in claim 14,
further comprising means, disposed in the cabinet, for
distributing air forced through the subrack assembly by
the air forcing means in a primary air flow pattern.

. 22. The module as set forth in claim 21,
wherein the air forcing means includes a pair of fans and
the distributing means is formed such that, upon failure
of either one of the fans, a secondary air flow pattern
10 is established through the subrack assembly.

23. The modyle as set forth in claim 21,
wherein the air forcing means includes a housing disposed
above the subrack assembly.

15
24. The module as set forth in claim 23,

wherein the distributing means includes a plate formed
with a pattern of apertures.

20 25, The module as set forth in claim 24,
vherein the plate forms a bottom of the housing.

26. The module as set forth in claim 24,
wherein the plate forms a top of the subrack.

25
27.  The module as set forth in claim 24,

wherein the plate is disposed between a bottom of the
housing and a top of the subrack.

30 28. The module as set forth in claim 21,
' wherein the distributing means includes a plate formed
with a pattern of apertures.

[T
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- 120 - left lower corner 67, and the right |ower corner 69 of the cabinet
CH N A cover 71 is renovably attachable to the ends 47, 49, 51

and 53 efOoBlreasags 55, 57, 59, and 61. The cover 71 is pref pepREysdnassed
Wth one or nore rows of apertures 73 for ventilation of the interior of
the cabini'et 31. The cover 71, the arns 55, 57, 49, and-@&-and—bhe——-————

four-sided.cabi net 31 define vertlcal and hori zont al openlngs
FI G 1, vertical and This SheetHasBeenReilaced

29. The module as set forth in claim 28,
wherein the apertures are unevenly spaced.

30. The module as set forth in claim 14,

5 wherein the module includes a rear wall in which an rear
opening is formed and a passage extends between the rear
opening and the first space and wherein, when the module
is horizontally arranged relative to another module, the
openings in the rear walls of the modules are aligned.

10 |

' 31. A module for a modular packaging systen,

comprising:

a cabinet, the cabinet having a rear wall, left
and right walls, and top and bottom sides:;

15 an interior cabinet wall defining a space with
the rear wall and portions of the left and right walls of
the cabinet, the space extending between the top and
bottom sides of the cabinet.

20 32. The module as set forth in claim 31,
wherein the inner cabinet wall resists deformation of the
cabinet.

R Y



“horizontal openings of cabinets 31 are adapted to be covered with plates
74,7 such as at sides and tops of the stacks 23 of the nodul ar packagi ng
syst em 2WO0.94/14308 According to a presently preferred enbpé*’.@%tmlgye
cover 71 is attached to the ends 47, 49, 51, and 53 of the arns , , 59,
and 61 by screws (not shown) so that the cover is adapted to be opened and
closed to facilitate access to the interiior of the cabinet 31. However, the
cover 71 may be attached to the endsl147]249, 51, and.53 of the arms 55, 57,
59, and 61 by other attaching neans, such as hinges (not shown) to forma
swW ngi ng door. Further, if desired, 5t,he covar may be omtted entirely.

The inner cabinet wall 75 extends, ' - fr Bhe left side 77 to

the right side 79

73—
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- substantially to the top side 83 of the cabinet.

fromthe bottom si de 81 and
In the enbodi nent shown in

FI G 5wWO M14308er cabinet wall 75, ‘portions of left and ri ,sg#y wal | s
.85, 87, and the rear cabinet wall 89 define the air shaft 4 e passage
I's formed by conventional conduit tubing (not shown) extending between
openings 42a in the inner cabinet wall 75 and the rear c—&brﬁet#vval—r"SQ——TlT‘

passage 42 may, alternatively, be dof il 2ed by additi onal ”‘%rﬁ%?ﬁe%nkeplaced

formng a duct extending through the air ““ll"ll“l““lll““

of- the cabinet 31 and, vertically,
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shaft 43, such as is shown schematically in FIGS. 4A, 4B, and 4C. The inner
-cabi net wall 75 preferably also provides structural rigidity to the cabinet

31 by acwo94/edse8 strut which resists deformation of the cabpppisrofibfods s
hy twi sting or conpression of the cabinet.

3/1 ' This Sheet Has Been Replaced

23 | | l

_ O
B—f |- = |
R
77— Les
34 [
7y —— T 4
I A s 101 )
35 - _F___ I
77— , t - 89
34 -3
73—= = L — H
3=t - -} — —— 101
— — —=|—7 ———43
[ I —89
34 =
73—==_ —= 4
B/-—-1--F~ (= ’403*
34 r —=—3t
73 —=_ —= 41




Preferably, at |east portions of the inner cabinet wall 75 extend across
-the entire width and height of the cabinet 31 to provide the additional
structu helity. The inner cabinet wall 75 thus enhance ty of
t he cab?ﬁt?ﬂg?mfo wi t hstand adverse environnmental conditions §Egﬁﬁ§
earthquakes As seen in FIG 6, air passes through the air shaft
43 ‘from an opening 91 in the bottom cabinet wall 93 to an opening 95 in the
top cabinet wall 97. A top portion §9/%R the inner cabinet wall 75 is
"preferably bent and forns a passage 101 between the top cabinet wall 97 of
t he cabinet and the inner cabinet wall such that air flowis pernitted
through the apertures 73 in the cover 71, on through the passage, and out
into the air shaft 43. Bending the top portion 99 of the inner
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cabinet wall 75 facilitates directing the flow of air out of the cabinet 31
“in*a desired upward direction into the air shaft 43 so that air flowin the
ai r shafwo syja9ég hi ndered. The passage 101 may, however, #{l@g RNy gap
between the top cabinet wall 97 and the inner cabinet waII {8
formng the inner cabinet wall so that it does not quite reach the top
cover or by:formng holes in the inner cabinet wall. Odinarily, large
portions of the top cabinet wall 97 %/d dnitted fromthe nodule 25, as
seen, for exanple, in the cabinet 31 showmn in FIG 5, particularly when the
modul e is one of the Iower modul efijrGa & Ack 23 of nodul es. Wien the top
cabinet wall 97 is omtted fromthe nodul e ’/123 passage 101 is forned

bet ween the i nner cabi net wal ]4&5.._{
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- 12 - and the bottom cabinet wall 93 of 1q; §i.9RGL BRNRepMced N

i he
wo sesce [T pe—
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modul es in the stack 23. As seen, for exanple, in FIG 7, the
‘subrack assenbly 33 includes a subrack 34. The subrack assenbly 33 is
renovab/WOS4u4808d i n t he cabinet 31 such that, as seen in Fk&ﬁféﬁ and 4C,
the air intake passage 41 is fornmed between the bottom cabi ! 01054 ong
a bottom subrack wall 105. A rear subrack wall 107 is next to the inner

cabi net wal F 75. . As seen in FLG 7, left and rTght—subrack—watts
109, 111 preferably include bracket & 412 havi ng bolt hol e%‘hi%l?eef}?r bol t i ng,
the-subrack 34 in position on attachnment assenblies 117 hawy X
119 on the left and right cabinet walls 85, 87, as seen in m ,
forward portion of the subrack 34 preferably extends into t d
by the arns 55, 57, 59, and 61 of '
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the cabinet 31 and partially defines, with the arnms and the cover 71, the
“left and right cable chutes 37 and 39. The front subrack wall 121 of the
subr ack VEX 94184308 xt end so far as to be flush against the cover 71, without
covering the apertures 73 in the cover, but preferably partm‘fsﬁ’%@lﬂsﬁes a

space between the cover and the front subrack wall, as SW
in FIG 4C -to facilitate the flow of air entering through any of the
apertures in the cover to the intak8 pdssage 41. ThiaShestcteu B RE); q
4A and 4C, the fan assenbly 35, which is discussed furtherf @I

mounted in a space defined by the top 123 of the subrack #Wﬁg’!ﬂﬂm
cabinet wall 97 of the cabinet 31. The top 123 of the subrack

bottom subrack wall 105 are preferably screened or apertured so that the
fan assenbly 35 forces L




air ' fromthe intake space 41, through the .subrack assenbl y 33 out the
"passage 101, and into the air shaft 43. By providing the top 123 of the
subr ackW9P444308 he PCT/SE93/01054
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- 13 - bott om subrack wall 105 W|th numer ous, reI atively small openings
“threough which air can pass, such n&stﬁcrbuﬁ lacef screens or per forated

pl ates, wooRmqgggagnetic shiel di ng conmponent s l%‘%,Iégggﬂ'subrack
assenbly 33 is facilitated: k assenbl y i3 FG

7 includes the subrack 34, a card cage 125, and a back plane or wring
unit 127. The card cage 125 fits inside the subrack 34 and is adapted to

receive a plurality of printed boadd)A99enblies 129 on which el ectri cal
conponents (not shown) arei%unt ed. The %afd cageié%S includes a top card

ge wal |

cage wall 131, a left card 7
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133, a right card cage wall 135, and b ard cage wall 137 and the
- back plane or wiring unit 127 i F ‘s ear edge of the card cage.
The towes4nazegage wall 131 and t u cage wal | pSY/SEdINTes4 he
Ytop 123 of the subrack 34 and the k wall 105, permt the flow
of air forced through the subrack assenbly 33 by the fan assenbly 35 and
are preferably screened or apertured. It is, of course, possible
to nount electrical equi pnent ot hel 1thha equi pnent of t he type that can be
nmounted on printed board agg@nblies 129 igi7the subrgg® 34. For exanpl e,

ot her equi prent may be provi dé@ with bratkets for/attachrrent to the

attachment assenbl i S II7 T TRe capimetr, —or MRy D praced n theséubrack
34 so that the bradkets canypeatrtar hgd
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fhe attachnment assenblies. Such equi pnent includes printed board assenblies
/’129 conbi ners, high power equipnent, AC DC equi pment, distribution units,

-pser copgYlicg D ocks, power splitiers, etc, Further. theppqchgkiies

dlver5|ty equi pment, etc. Cbnponents on printed board assenblies 129

{'ncl udes antenna near parts such as star junctions
I ncl ude
I”ed
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nodul es,
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ODULAR CKAGING 8YS8

BACKGROUND

The present invention relates to a packaging
system for electrical equipment and, more particularly,
to a modular packaging systemn. '

In designing electrical equipment packages,
sufficient ventilation to prevent overheating of various
heat-generating pafts is a necessary consideration.
Generally desirable features of such packages include
ease of forming electrical connections between individual
components inside of the package with other components,
including éompcnents external to the package, and ease of
access to the paékaged electrical equipment. Such

" features facilitate maintenance tasks such as repair or

replacement of individual components or groups of
components. - Further, it is desirable to provide the
foregoing features in packages of minimal size.

With the advent of large electronic systenms
such as cellular telephone communication systems, it is
necessary to package large amounts of equipment. For
example, in U.S. Patent No. 4, 694,484 to Atkinson et al.,
it is noted that .components that make up cellular
telephone communication systems include large amounts of
common equipment, and that the use of such equipment has
led to interconnections between various functional
modules. To package large amounts of electrical
equipment such as equipment typically belonging to radig
base stations of cellular telephone communication _
systems, i.e., printed board assemblies, combiners, high
povwer equipment, AC/DC equipment, antenna near parts,
distribution blocks, power connection blocks, power
splitters, etc., it is desirable to provide a modular

packaging system that simplifies system design, :
' Thﬁlstheremammmentshoet

pate: 3 0 OCT 997



f oF ced past the printed board assenblies to provide booling and flows out

of the top card cage wall 131 and through the top 123 of the subrack 34.
Cool i ng of the subrack 34, the back plane or wring urit—3127—the-card

cage 125, the printed board assenblies 129 or other fe ures of t he nodul e

25 may be further facilitated by providing fins (not st laced
features so that greater surface area of the features

cooling air flow forced through the nodule by the fan

degree of electromagnetic shielding- for the electrical conponents
contained in the subrack assenbly 33 is preferably provided by one or both
of the subrack 34 and the card cage #23, -in addition to permtting air

flom/for ventilation of electrical conmponents.
customization, and expansion, as well as simplifying

system construction and maintenance.

Existing packages for such equipment generally
consist of conventional cabinets in which holes are
drilled-or.punched. Cables are extended through the
holes so that electrical connections between individual
components in one cabinet can be formed with components
in other cabinets and elsewhere. In view of the labor
necessary in punching the holes and forming electrical
connections between different cabinets, it is desirable
to provide a modular packaging system in which
interconnection of electrical components in different
modules is simplified.

In existing packaging systems, each cabinet is
typically provided with a fan for ventilating the

. equipment in the cabinet and blowing air to outside of
the cabinet. The heated air blown outside of the cabinet
by the fan may linger around the cabinet, and heat the
area immediately around the cabinet. The heated air may
create an uncomfortable or dangerous condition. In view
of the potential of such conditions, it is therefore
desirable to provide an improved system of ventilating
air heated by electrical equipment.

SUMMARY

In accordance with one aepect of the present
invention, a modular packaging system for electrical
equipment is formed by two or more modules. Each module
includes electrical equipment, a cabinet in which the"
electrical equipment is disposed, and means for forcing
air through the cabinet to cool the electrical equipment.
The cabinet includes an inner cabinet wall forming an air
shaft and is formed with a first and a second opening.
The second opening is f&%med in the inner cabinet wall.

This is the replacement Sheet
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‘The printed board assemblies 129 preferably include pins (not shown) for
formng electrical connections wth banks of receptacle units 139 attached
on. the back plane or wiring unit 127. The receptacle units 139 on the back
plane or wiring unit 127 support the printed board assenblies in an upright
position in the card cage 125. Conductors (not shown) electrically connect
the receptacle units 139 on the back plane or wiring unit T@S?Slteqflaabéeekfﬁli,ced

passi ng a shielding wall of the subrack that are connected tﬂlﬂ mmml’
mechani sm 141. The cl anmpi ng nechani sm 141 i s nmbunted on the
The air forcing means force air through the first opening
of the cabinet, past the electrical equipment, out the -
second opening of the cabinet, and into the air shaft
such that the electrical equipment is continuously

cooled. A chimney is formed by aligning the air shafts
of two or more modules arranged vertically relative to

-3-

one another.
In accordance with a further aspect of the

present invention, the cabinet further includes a
vertical space extending between a top and a bottom
opening in the cabinet. The modular packaging system
further comprises a vertical cable chute formed by
aligning the vertical spaces of two or more modules
arranged vertically relative to one another.

~ In accordance with a further aspect of the
present invention, the cabinet further includes a
horizontal space extending between a left and a right '
opening in the cabinet. The modular packaging systen
further comprises a horizontal cable chute formed by
aligning the horizontal spaces of two or more modules
arranged horizontally relative to one another.

In accordance with a further aspect of the
present invention, the cabinet has four sides and
includes four horizontal arms extending in the same
direction from four corners of the cabinet. A cover is
removably attachable to ends of the four arms. The
cover, the arms, and the sides define the top and bottom
openings between which the vertical space extends and the
left and right openihgs between which the horizontal
space extends.

In accordance with further aspects of the
present invention, each module further includes means,
disposed in the cabinet, for distributing air forced past
the electrical equipment by the air forcing means in a

This is the replacement sheet
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-15- the subrack 34. Shiel ded cabl es (not shown) from ot her nodul es 25 or
from points external to the nodul ar packagi ng system 21 are cl anped by the

cl ampi ng nmechani sm 141 and are thereby grounded to the subrack 34. The ,
A A
This Sheet Has Been

[T

—4-

primary air flow pattern. The air forcing means includes
a pair of fans. The distributing means is formed such

that, upon failure of either one of the fans, a secondary
air flow pattern is established. :

In accordance with a further aspect of the
present invention, each module further includes an air-
permeable subrack assembly in which the electrical
equipment is mounted. The subrack assembly is mounted in
the cabinet such that first and second spaces are formed
between the subrack assembly and the cabinet. The first
and second spaces extend to the first and second
openings, respectively.

In accordancé with another aspect of the
present invention, a module for a modular packaging
system includes a cabinet. The cabinet has four sides -
and four horizontal arms extending in the same direction
from four corners of the cabinet. The cabinet includes a
cover removably attachable to ends of the four arms. The
cover, the arms, and the sides define top and bottom
cabinet openings between which a vertical space extends

~and left and right cabinet openings between which a
horizontal space extends. The cover is formed with
apertures, and the cabinet being formed with an outlet
opening. The module further includes an air-permeable
subrack assembly. Electrical equipment is adapted to be
mounted in the interior of the subrack assembly. The
subrack assembly is mounted in the cabinet such that
first and second spaces are formed between the subrack
assembly and the cabinet. The first and second spaces
extend to the apertures in the cover and the outlet
opening, respectively. The module further includes means
for forcing air through the apertures in the cover,
through the subrack assembly, and out the outlet opening
of the cabinet to permit continuous cooling of the

This is the replacement sheet
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cabl es are then connected to el ectrical conponents nounted on the printed
board assenblies 129 through the conductors, the receptacle units 139 on
t he back plane or wiring unit 127, and the pins on the printed board :
assenblies. The individual printed board assenblies 129 are—adapted—toe—be

inserted and renoved fromthe subrack assenbly 33 mnthout h
extensive rewiring, thereby facilitating mai ntenance of th
whol Iy renoving and replacing printed board assenbli es.

assenbly 35 is renpvably nounted in the cabinet 31 above th

assenbly 33 in the space defined by the top 123 of the subrack 34. and the
top cabinet wall 97. As seen, for exanple, in FIG 4C, air flow through the
nodule 25 is primarily directed in a patd passing through the apertures 73

in the cover 71
interior of the subrack assembly. The module is adapted

to be vertically arranged relative to another module such
that the vertical spaces of the modules are aligned, and
the module is adapted to be horizontally arranged
relative to another module such that the horizontal
spaces of -the modules are aligned.

In a further aspect of the present invention,
the module further comprises means, disposed both on the
exterior of and on the interior of the subrack assembly,
for forming electrical connections with electrical
equipment mounted in the interior of the subrack

assembly.

In a further‘aspect of the present invention,
the cabinet further includes an interior cabinet wall
defining, with a rear wall and portions of left and right
walls of the cabinet, an air shaft. The air shaft |
extends between the outlet opening of the cabinet and a
bottom opening of the cabinet. The interior cabinet wall
is formed with an interior cabinet wall opening through
which air forced by the air forcing means through the
subrack assembly passes to the air shaft and out the
outlet opening of the cabinet. i :

In a further aspect of the present invention,
the module further comprises a passage - extending between
an opening in the inner cabinet wall and an opening in
the rear wall. When the module is horizontally arranged
relative to another module, the openings in the rear

walls of the modules are aligned.
In accordance with a further aspect of the

present invention, when the module is vertically arranged
relative to another module, the air shaft of the modules
are aligned and form a chimney. :

? = This is the replacement sRest
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t hi.ough the intake passage 41, vertically up through the subrack assenbly
33, through the bottom 161 of the fan assenbly 35, through the passage 101,
and up into the air shaft 43. As seen in FIG 8, the fan assenbly 35

i ncl udes neans for forcing cooling air through the nodule 25, preferably a
pair of radial- or centrifugal-type fans 163. The two fans 163
are preferably redundant and provide a ventilation back-up arrangenent, in
the event that one of the fans is disabled, thereby permtting continued
operation of the electrical equipnment in the nodule even after the failure
of one of the fans. In accordance with the presently preferred enbodi nent,
the fans 163 are nmounted aboye a distTi®ution plate 165 defining the bottom

161 of the fan assenbly with the
: Thé features and advantages of the present

‘invention will be understood by reading the following
detailed description in conjunction with the drawings in
which like numerals indicate like elements and in which:
| FIG. 1 is a perspective view of a module stack
according to an embodiment of the present invention;

- FIGS. 2A, 2B, and 2C are front, side, and top
cross-sectional schematic views, respectively, of a
modular packaging system according to an embodiment of
the present invention; .

FIG. 3 is a perspective view of a base for a
module according to an embediment of the present
invention. _

FIGS. 4A, 4B, and 4C are front, top, and side
cross-sectional schematic views, respectively, of a
module according to an embodiment of the present
invention;

FIG. 5 is a perspective, exploded view of a
cabinet of a module according to an embodiment of the
present invention: |

- FIG. 6 is a cross-sectional side view of a
cabinet of a module according to an embodiment of the
present invention; '

FIG. 7 is a perspective, exploded view of a
subrack assembly of a module according to an embodiment
of the present invention:'

FIG. 8 is a perspective, exploded view of a fan
assembly of a module according to an embodiment of the
present invention;

FIG. 9 is a top view of a distribution plate of
a module according to an embodiment of the present
invention;

FIGS. 10A, 10B, 10C, and 10D are partially
cross-sectional, front schematic views of arrangements

. This is the replacement sheet
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- I6 - suction end of the fans facing apertures 167 forned in

-7-

for mounting the fan assembly and the subrack in the
cabinet according to embodiments of the present
invention:

FIGS. 11A, 11B, and 11C are front, side, and
top cross-éectianal schematic views, respectively, of a
module according to another embodiment of the present
invention; and

FIGS. 12A, 12B, and 12C are front, side, and
top cross-sectional schematic views, respectively, of a
module according to another embodiment of the.present'

invention.

DETAILED DESCRIPTION
With reference to FIGS. 1 and 2A, 2B, and 2C, a
modular packaging system 21 for electrical equipment is
shown. The modular packaging system 21 includes two or
more modules 25, which are adapted to be arranged
vertically relative to one another in a stack 23, as
seen, for example, in FIGS 1, 2A, and 2B. The modules 25
of the modular packaging system 21 are also adapted to be
arranged horizontally.relative to one another in a side-
by-side relationship, as seen in FIG. 2A, and in a back~
to-back relationship, as seen in FIG. 2C. Further, as
seen in FIG. 2A, each stack 23 of modules 25 is adapted
to be horizontally arranged relativé to one another, next
to another stack 23’. The modules 25 and stacks 23 of
- modules may also, of course, be secured to walls by means
such as bolts. '
Each module 25 contains electrical equipment
(not shown). Some of the electrical equipment may
generate relatively substantial amounts of heat which
must be dissipated to prevent damage or equipment
malfunction. In accordance with a preferred embodiment,
the electrical equipment is equipment for use in a radio

This is the replacement sheet -
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the distribution plate. As seen, for exanple, in FIG 9, the apertures 167 -
in the distribution plate 165 are fornmed in patterns which, if -necessary,
can be arranged to concentrate air flow through the subrack assenbly 33 in -
a desired manner, such as when particular printed board assenblies 129
generate nore heat than other printed board assenblies in the card cage
125. The apertures 167 in the distribution plate 165 are
ordinarily arranged in an evenly spaced manner so that the fans 163 devel op
an even flow through the subrack assenbly 33, regardl ess of whether one fan
or both fans are operating. The apert+rgs-167 may be arranged in such a
manner that, while both fans 163 operate, a primary air flow pattern .

t hr ough t lasailstatiassefibhy cgllud assttellephivae cfmmunieatiohhe fans 163 is

system.

. The modules 25 are preferabiy raised from
direct contact with the floor by a base 27. As seen in
FIG. 3, the base 27 is preferably formed with bolt holes
29 for securing the base to a floor with bolts (not
shown). The base 27 is thus adapted to be secured to
differené types of floors under many different types of
conditions.

_ "With reference to FIGS. 4A, 48, and 4C, a
module 25 is shown in schematic form. Each module 25
includes a cabinet 31, such as is seen in FIGS. 5 and 6.
Each module 25 further includes a subrack 34. The
subrack 34 is part of a subrack assembly 33, seen in FIG.
7, and is adapted to enclose electrical components. As
seen in FIGS. 4A, 4B, and 4C, the subrack 34 is mounted
in the cabinet 31, and a fan assembly 35 is disposed, in
the cabinet, above the subrack for forcing cooling air
through the subrack assembly 33 to cool’ the electrical
components disposed therein.

The cabinet 31, the subrack assembly 33
including a subrack 34, and the fan assembly 35 are
mounted such that they form a left and right cable chute
37, 39 at the front of the module, and an air intake

.. passage 41 beneath the subrack assembly, as seen, for
example, in FIGS. 4A and 4C. As seen in FIG. 2A, the
left and right cable chutes 37, 39 and the air intake
passages 41 facilitate extending vertical cables V and
horizontal cables H, which are preferably shielded,
between modules 25 that are positioned vertically or
horizontally relative to other modules. As seen in FIG.
2C, one or more passages 42 extend between openings 42a
in a réar cabinet wall 89 and an inner cabinet wall 75 to
the intake passage 41 to provide access to the interior
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di sabl ed, the same arrangenent of apertures 167 establishes a secondary air

fl ow pattern,

air flow pattern, even though only one fan is operating.

which is preferably substantially identical to the primry
The fan

assenbly 35 further includes a fan housing 169 which is attached over the
fans 163 and the distribution plate 165. The fan housing 169 includes a
front fan wall 171, a rear fan wall 173, and a top fan wall 175. In

accordance with the .presently preferred enbodi nent,

and the rear

the front fan wall 171
fan wall 173 are fornmed with bracket portions 177 for bolting

the fan housing 169 to the distribution plate 165. Exhaust shafts 179 are
preferably connected to each of the fans 163 and extend through cut outs in

the rear fan
air

wall 173. The exhaust shafts 279 further direct the flow of

of cabinets 31 from the rear, such as for purposes of
extending cables into the cabinet from the rear. The
passages 42 also facilitate extending cables between
modules arranged in back-to-back relation. The air
intake passage 41 is ordinarily sized such that any
horizontal cablihg H running through the air intake
passage does not excessively block the flow of cooling
air through the subrack assembly 33. In accordance with
a presently preferred embodiment, the intake passage 41
is sized, and the amount of cables are limited, such that
no more than 25% of the passage is blocked. '

The cabinet 31 also includes an air shaft 43
formed by the inner CSLinet wall 75 behind the subrack
assembly 33, as seen in FIGS. 4B and 4C. As seen in FIG.
2B, the air shafts 43 of vertically stacked modules 25 '
form an air shaft or chimney common to all of the
vertically stacked modules. The air shafts 43 forming a
common chimney are each sized such that, when cooling air
flows through the module 25 to the air shaft to dissipate
heat, air pressure in the shaft is lower than air '
pressure at preceding points in the air flow path,
thereby ensuring that air does not sﬁagnate in the
module. The fan assembly 35, of course, substantially
aids in ensuring air flow. Air in the air shaft 43 is -
preferably directed upward and out of the shaft by a
combination of natural convection and by the fan assembly
35.

As seen in FIG. 5, the cabinet 31 is a
substantially square- or rectangular-shaped member. The
front of the cabinet 31 is defined by the ends 47, 49,
51, and 53 of four horizontal arms 55, 57, 59, and 61.
The arms 55, 57, 59, and 61 extend in the same direction
from the left top corner 63, the right top corner 65, the
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e%iting the fan assenbly 35 through the passage 101 and upward in the air
shaft 43. Aleft fan wall 181 and a right fan wall 183 are attached, such
as_by bolts (not

- 10 -
left lower corner 67, and the right lower corner 69 of
the cabinet 31. _

A cover 71 is removably attachable to the ends
47, 49, 51, and 53 of the arms 55, 57, 59, and 61. The
cover 71 is preferably formed with one or more rows of
apertures 73 for ventilation of the interior of the
cabinet 31." The cover 71, the atms 55, 57, 49, and 61,
and the four-sided cabinet 31 define vertical and
horizontal openings. As seen in FIG. 1, vertical and
horizontal openings of cabinets 31 are adapted to be
covered with plates 74, such as at sides and tops of the
stacks 23 of the modular packaging system 21.

According to'a presently preferred embodiment,
the cover 71 is attached to the ends 47, 49, 51, and 53
of the arms 55, 57, 59, and 61 by screws (not shown) so
that the cover is adapted to be opened and closed to
facilitate access to the interior of the cabinet 31.
However, the cover 71 may be attached to the ends 47, 49,
51, and 53 of the arms 55, 57, 59, and 61 by other
attaching means, such as hinges (not shown) to form 2
swinging door. Further, if desired, the cover may be
omitted entirely.

The inner cabinet wall 75 extends,
horizontally, from the left side 77 to the right side 79
of the cabinet 31 and, vertically, from the bottom side
81 and substantially to the top side 83 of the cabinet.
In the embodiment shown in FIG. 5, the inner cabinet wall
75, portions of left and right cabinet walls 85, 87, and
the rear cabinet wall 89 define the air shaft 43. The
passage is formed by conventional conduit tubing (not
shown) extending between openings 42a in the inner
cabinet wall 75 and the rear cabinet wall 89. The
passage 42 may, alternatively, be defined by additional
wall members forming a duct extending through the air.
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- 217 - shown),

left fan wall 181 and the right fan wall 183 are preferably attached to
brackets 185 for nmounting the fan assenbly 35 in a desired position on

cor r espondi

ng brackets (not shown) in the cabinet 31. It is

desirable to be able to conpletely renove the fan assenbly 35 fromthe

cabi net 31,

such as for servicing the fans or so that a new nodul ar fan

assenbly can be inserted in place of an existing fan assenbly. The fan
assenbly 35 is therefore of a size and shape such that it is easily

inserted into and renoved fromthe space defined by the top cabi net wall

and the top 123 - 11 -

shaft 43, such as is shown schematically in FIGS. 4A, 4B,
and 4C. The inner cabinet wall 75 preferably also
provides structural rigidity to the cabinet 31 by acting
as a strut which resists deformation of the cabinet, such
as by twisting or compression of the cabinet.

Preferably, at least portions of the inner cabinet wall
75 extend across the entire width and height of the
cabinet 31 to provide the additional structural rigidity.
The inner cabinet wall 75 thus enhances the ability of
the cabinet 31 to withstand adverse envirommental
conditions such as earthquakes.

' As seen in FIG. 6, air passes through the air
shaft 43 from an openihg 91 in the bottom cabinet wall 93
to an opening 95 in the top cabinet wall 97. A top
portion 99 of the inner cabinet wall 75 is preferably

" bent and forms a passage 101 between the top cabinet wall

97 of the cabinet and the inner cabinet wall such that
air flow is permitted through the apertures 73 in the

' cover 71, on through the passage, and out into the air

shaft 43. Bending the top porticn 99 of the inner
cabinet wall 75 facilitates directing the flow of air out
of the cabinet 31 in a desired upward direction into the
air shaft 43 so that air flow in the air shaft is not
hindered. The passage io; may, however, be formed as a
gap between the top cabinet wall 97 and the inner cabinet
wall 75, such as by forming the inner cabinet wall so
that it does not quite reach the top cover or by forming
holes in the inner cabinet wall. oOrdinarily, large

portions of the top cabinet wall 97 are omitted from the

module 25, as seen, for example, in the cabinet 31 shown

in FIG. S, particularly when the module is one of the

lower modules in a stack 23 of modules. When the tqp
cabinet wall 97 is omitped from the module 25, the
passage 101 is formed between the inner cabinet wall 75

to the fan housing 169 and the distribution plate 165. The

97 -
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of “t he subrack 34. The fan assenbly 35 is preferably at |east insertable

i nto and renovabl e fromthe space defined by the top cabinet wall 97 and
the top 123 of the subrack through the front of the cabinet 31 when the
cover 71 is opened. In accordance wi th another enbodi nent, the fan assenbly
35 is also insertable into the space between the top cabinet wall 97 and
the top 123 of the subrack 34 through the top side 83 of the cabi net

t hrough openings in the top cabinet wall 97 when another nodule 25 is not
positioned over the cabinet. In accordance with a presently preferred
enbodi nent, the fan assenbly 35 is nougted above the top 123 of the subrack
34 on the top fan wall 175. A snall sp e 187 i's forned between the top of

the subraghithd foftsh’ tREiHhER Wadl® ob0o0h HiGmA 4R 162 alethe fan

assenbly, as_seen |In
" modules in the stack 23:

As seen, for example, in FIG. 7, the subrack
assembly 33 includes a subrack 34. The subrack assembly
33 is removably mounted in the cabinet 31 such that, as
seen in FIGS. 4A and 4C, the air intake passage 41 is
formed between the bottom cabinet wall 93 and a bottom
subrack wall 105. A rear subrack wall 107 is next to the

_inner cabinet wall 75.

As seen in FIG. 7, left and right subrack walls
109, 111 preferably include brackets 113 having bolt
holes 115 for bolting the subrack 34 in position on
attachment assemblies 117 having bolt holes 119 on the .
left and right cabinet walls 85, 87, as seen in FIG. 5.
A forward portion of the subrack 34 preferably extends
into the area defined by the arms 55, 57, 59, and 61 of
the cabinet 31 and partially defines, with the arms and
the cover 71, the left and right cable chutes 37 and 39.
The front subrack wall 121 of the subrack 34 may extend
so far as to be flush against the cover 71, without
covering the apertures 73 in the cover, but preferably
partially'defines a space between the cover and the front
subrack wall, as seen, for example, in FIG. 4C, to
facilitate the flow of air entering through any of the.
apertures in the cover to the intake passage 41.

' As seen in FIG. 4A and 4C, the fan assembly 35,
which is discussed further below, is mounted in a space
defined by the top 123 of the subrack 34 and the top
cabinet wall 97 of the cabinet 31. The top 123 of the
subrack 34 and the bottom subrack wall 105 are preferably
screened or apertured so that the fan assembly 35 forces
air from the intake space 41, through the subrack
assembly 33, out the passage 101, and into the air shaft
43. By providing the top 123 of the subrack 34 and the
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. FI'=G 10A. . The distribution plate 165 facilitates devel opnent of an even
flow pattern through the subrack assenbly 33 by "choking" the air (shown by

dotted arrows) in a desired direction, even when one of the fans 163 is not

oper ati ng. The suction of the fans 163 and t he choki ng provided

by the apertures 167 in the distribution plate

bottom subrack wall 105 with numerocus, relatively small
openings through which air can pass, such as through use
of screens or perforated plates, electromagnetic
shielding of electrical components in the subrack
assembly 33 is facilitated.

The subrack assembly 33 seen in FIG. 7 includes
the subrack 34, a card cage 125, and a back plane or
wiring unit 127. The card cage 125 fits inside the
subrack 34 and is adapted to receive a plurality of
printed board assemblies 129 on which electrical
components (not shown) are mounted. The card cage 125
includes a top card cage wall 131, a left card cage wall
133, a right carad cage'wall 135, and a bottom card cage
wall 137 and the back plane or wiring unit 127 is
disposed at a rear edge of the card cage. The top card
cage wall 131 and the bottom card cage wall 137, like the
top 123 of the subrack 34 and the bottom subrack wall
105, permit the flow of air forced through the subrack
assembly 33 by the fan assembly 35 and are preferably
screened or apertured.

It is, of course, possible to mount electrical
equipment other than equipment of the type that can be
mounted on printed board assemblies 129 in the subrack

. 34. For example, other equipment may be provided with
brackets for attachment to the attachment assemblies 117
in the cabinet, or may be placed in the subrack 34 so
that the brackets 113 on the subrack can be attached to
the attachment assemblies. Such equipment includes
printed board assemblies 129, combiners, high power -
equipment, AC/DC equipment, distribution units, power
connection blocks, power splitters, etc. Further, the
equipment includes antenna near parts such as star
junctions, directional couplers, diversity equipment,
etc. Components on printed board assemblies 129 include
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1656 make the pressure in the fan assenbly 35 | ower than the pressure in the
choke space 187 and the subrack assenbly 33. The pressure differential
causes an air flow through each individual aperture 167 proportional to its
size. Equally spaced, equally sized apertures 167 causes the devel opnent of-
a substantially even flow pattern over the surface of the distribution
plate 165. Variation in aperture 167 size and spacing permts

- 14 -

transceiver modules, reference oscillator units, channel
tester modules, signal strength receiver modules,'power
monitor units, control channel redundancy switches,
control channel modules, etc.

Printed board assemblies 129 on which
electrical components are mounted are vertically arranged
in the.card cage 125 so that air flow through the bottom
subrack wall 105 and the bottom card cage wall 137 is
forced past the printed board assemblies to provide
cooling and flows out of the top card cage wall 131 and
through the top 123 of the subrack 34. Cooling of the
subrack 34, the back plane or wiring unit 127, the card
cage 125, the printed Loard assemblies 129 or other
features of the module 25 may be further facilitated by
providing fins (not shown) on those features so that
greater surface area of the features is exposed to
cooling air flow forced through the module by the fan
assembly 35. Some degree of electromagnetic shielding
for the electrical components contained in the subrack
assembly 33 is preferably pfovided by one or both of the
subrack 34 and the card cage 125, in addition to
permitting air flow for ventilation of electrical
components. |

The printed board assemblies 129 preferably
include pins (not shown) for forming electrical
connections with banks of receptacle units 139 attached
on the back plane or wiring unit 127. The receptacle '

~units 139 on the back plane or wiring unit 127 support
the printed board assemblies in an upright position in
the card cage 125. Conductors (not shown) electrically
connect the receptacle units 139 on the back plane or
wiring unit 127 to cables passing a shielding wall of the
subrack that are connected to a clamping mechanism 141.
The clamping mechanisn 141 is mounted on the exterior of
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devel opment of a nore guided flow pattern, thereby facilitating custom zing
nodul es 25 for cooling of different types of electrical equipnent. The
distribution plate 165 thereby facilitates formation of desired air -fl ow
patterns independent of the location of the fans 163 in the fan assenbly
35. I n anot her enbodi nent, seen in FIG 10B, a distribution plate
165 i s disposed between an air- perneable bottom 161 of the fan assenbly 35
and an air- perneable top 123 of the subrack 34 in the choke space 187. The
ai r-pernmeabl e bottom 161 of the fan assenbly 35 and the air-perneable top
123 of the subrack 34 -may include distribution plates 165. I n accordance
with still another enbodi nent, seen in RlgG~ 10C, distribution plates 165
define the top 123 of the subrack 34 and the

the subrack 34. Shielded cables (not shown) from other

modules 25 or from points external to the modular
packaging system 21 are clamped by the clamping mechanism
141 and are thereby grounded to the subrack 34. The-
cables are then connected to electrical components
mounted on the printed board assemblies 129 through the
conductors, the receptacle units 139 on the back plane or
wiring unit 127, and the pins on the printed board
assemblies. The individual printed board assemblies 129
are adapted to be inserted and removed from the subrack
assembly 33 without the need for extensive rewiring,
thereby facilitating maintenance of the modules 25 by
wholly removing and replacing printed board assemblies.
The fan assembly 35 is removably mounted in the
cabinet 31 above the subrack assembly 33 in the space
defined by the top 123 of the subrack 34 and the top
cabinet wall 97. As seen, for example, in FIG. 4C, air
flow through the module 25 is primarily directed in a
path passing through the apettures 73 in the cover 71,
through the intake passage 41, vertically up through the
subrack assembly 33, through the bottom 161 of the fan
assembly 35, through the passage 101, and up into the air
shaft 43. As seen in FIG. é, the fan assembly 35
includes means for forcing cooling air through fhe module
25, preferably a pair of radial- or centrifugal-type fans
163. '
The two fans 163 are preferably redundant and
provide a ventilation back-up arrangement, in the event
that one of the fans is disabled, thereby permitting
continued operation of the electrical equipment in the
module even after the failure of one of the fans. 1In
accordance with the presently preferred embodiment, the
fans 163 are mounted abgye a distribution plate 165
defining the bottom 161 of the fan assembly with the
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bdttom 161 of the fan assenbly 35 and the choke space 187. The .
fans 163 are preferably attached to the top fan wall 175, as seen in FIGS
10A, 10B, and 10D, and the fan housing is detachable fromthe subrack 34
and renovabl e fromthe cabinet 31 for nmaintenance of the fans. However, the
fans 163 may be nounted on anot her air perneable nenber, as seen in FIG
10C, such as another distribution plate 165 defining the bottom 161 of the
fan assenbly 35. Further, the bottom 161 of the fan assenbly 35 may be |eft

open, as seen in FIG 10D.
-16-

suction end of the fans facing apertures 167 formed in
the distribution plate. As seen, for example, in FIG. 9,
the apertures 167 in the distribution plate 165 are
formed in patterns which, if necessary, can be arranged
to concentrate air flow through the subrack assembly 33
in a desired manner, such as when particular printed
board assemblies 129 generate more heat than other
printed board assemblies in the card cage 125.

' The apertures 167 in the distribution plate 165
are ordinarily arranged in an evenly spaced manner so
that the fans 163 develop an even flow through the
subrack assembly 33, regardless of whether one fan or
both fans are operatiné; The apertures 167 may be
arranged in such a manner that, while both fans 163
operate, a primary air flow pattern through the subrack
assembly 33 is established. When one of the fans 163 is
disabled, the same arrangement of apertures 167
establishes a secondary air flow pattern, which is
preferably substantially identical to the primary air
flow pattern, even though only one fan is operating.

The fan assembly 35 further includes a fan
housing 169 which is attached over the fans 163 and the
distribution plate.-165. The fan housing 169 inclﬁdes a
front fan wall 171, a rear fan wall 173, and a top fan
wall 175. In accordance with the presently preferred
embodiment, the front fan wall 171 and the rear fan wall
173 are formed with bracket portions 177 for bolting the
fan housing 169 to the distribution plate 165. Exhaust
shafts 179 are preferably connected to each of the fans *
163 and extend through cut outs in the rear fan wall 173.
The exhaust shafts 179 further direct the flow of air
exiting the fan assembly 35 through the passage 101 and
upward in the air shaft 43. A left fan wall 181 and a
right fan wall 183 are attached, such as by bolts (not
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--19 - Thus far, the nodul es 25 have been described in
ternms of a preferred enbodi nent in which an air shaft 43 I s defined by
the rear cabinet wall 89 and the inner ‘

- 17 -

shown), to the fan housing 169 and the distribution plate
165. The left fan wall 181 and the right fan wall 183
are preferably attached to brackets 185 for mounting the
fan assembly 35 in a desired position on corresponding
brackets (not shown) in the cabinet 31.

It is desirable to be able to completely remove
the fan assembly 35 from the cabinet 31, such as for
servicing the fans or so that a new modular fan assembly

. can be inserted in place of an existing fan assembly.

' The fan assembly 35 is therefore of a size and shape such
that it is easily inserted into and removed from the
space defined by the top cabinet wall 97 and the top 123
of the subrack 34. Thé fan assembly 35 is preferably at
least insertable into and removable from the space
defined by the top cabinet wall 97 and the top 123 of the
subrack through the front of tpé cabinet 31 when the
cover 71 is opened. In accordance with another
embodiment, the fan issémﬁly 35 is also insertable into
the space between the tép cabinet wall 97 and the top 123
of the subrack 34 through the top side 83 of the cabinet
through openings in the top cabinet wall 97 when another
module 25 is not positioned over the cabinet. In
accordance with a presently preferred embodiment, the fan
assembly 35 is mounted above the top 123 of the subrack
34 on the top fan wall 175. A small space 187 is formed
between the top of the subrack and the distribution plate
165 on the bottom 161 of the fan asserbly, as seen in
FIG. 10A. The distribution plate 165 facilitates
development of an even flow pattern through the subrack
assembly 33 by "choking" the air (shown by dotted arrows)
in a desired direction, even when one of the fans 163 is

not operating.
The suction of the fans 163 and the choking

provided by the apertures 167 in the distribution plate
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cabinet wall 75. In another enbodi nent, seen in FlIGS. 11A, 11B, and 11C,
a nodule 25" includes an air shaft 43 formed by an inner cabinet wall 75
extending fromthe rear cabinet wall 89 to a point near the front of the
cabinet 31 so that the air shaft is defined by the left -cabinet wall 85°
and the inner cabinet wall. The air shaft 43 may al so be defined by, for
exanpl e, the right cabinet wall 87 and the inner cabinet wall 75.

Thus far the nodul es 25 have been described in ‘terns of the preferred
enbodi ment in which fans 163 are nount ed above the subrack assenbly 33
so that air is sucked t hrough the subrack assenbly. [In another

enbodi nent, seen in FIGS. 12A, 12B, and 12C~ a nodul e 25"" includes a

fan assenbly 35 nounted in the intake space 41 bel ow the subrack 34.
The fan ass26bl pak® the pressure in the fan assembly 35 lower than

the pressure in the choke space 187 and the subrack
assembly 33. The pressure differential causes an air
flow through each individual aperture 167 proportional to
its size. Equally spaced, equally sized apertures 167
causes the development of a substantially even flow
pattern‘over the surface of the distribution plate 165.
Variation in aperture 167 size and spacing permits
development of a more guided flow pattern, thereby
facilitating customizing modules 25 for cooling of
different types of electrical equipment. The
distribution plate 165 thereby facilitates formation of
desired air flow patterns independent of the location of
the fans 163 in the fan assembly 35.

In another embodiment, seen in FIG. 10B, a
distribution plate 165 is disposed between an air-
permeable bottom 161 of the fan assembly 35 and an air-
permeable top 123 of the subrack 34 in the choke space
187. The air-permeable bottom 161 of the fan assembly 35
and the air-permeable top 123 of the subrack 34 may
include distribution plates 165. In accordance with
still ancther embodiment, seen in FIG. 10C, distribution
plates 165 define the toq 123 of the subrack 34 and the
bottom 161 of the fan assembly 35 and the choke space
187. | |

The fans 163 are preferably attached to the top
fan wall 175, as seen in FIGS. 10A, 10B, and 10D, and the
fan housing is detachable from the subrack 34 and
removable from the cabinet 31 for maintenance of the
fans. However, the fans 163 may be mounted on another
air permeable member, as seen in FIG. 10C, such as
another distribution plate 165 defining the bottom 161 of
the fan assembly 35. Further, the bottom 161 of the fan
assembly 35 may be left open, as seen in FIG. 10D.
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blows air vertically up through the subrack assenbly 33. Further, the
direction of air flow through the nodule 25 may be reversed or altered
fromthe preferred enbodi nent in which air is .forced vertically upward
t hr ough t he subrack assenbly 33. The nodul es may, for exanple,

provide air flow paths through the subrack whereby the air is forced
vertically dowward through the subrack assenbly 33 or horizontally

across the subrack assenbly. The fan assenbly 35 may, of course, be
di sposed at any position in which it is capable of forcing sufficient
cooling air through the subrack assenbly 33. The nodul ar

packagi ng system 21 facilitates consfrygtion and nai ntenance of
custon zed el ectronics systens such as radi o base stations for cellular

tel ephone communi cat i @f%sS el Mthd GioQ 28R 25 Hdve been described in
terms of a preferred embodiment in which an air shaft 43
is defined by'the rear cabinet wall 89 and the inner
cabinet wall 75. In another embodiment, seen in FIGS.
11a, 11B, and 11C, a module 25’ includes an air shaft 43
formed by an inner cabinet wall 75 extending from the
rear cabinet wall 89 to a point near the front of the
cabinet 31 so that the air shaft is defined by the left
cabinet wall 85 and the inner cabinet wall. The air
shaft 43 may also be defined by, for example, the right
cabinet wall 87 and the inner cabinet wall 75.

Thus far the'modules 25 have been described in
terms of the preferred embodiment in which fans 163 are
mounted above the subrack assembly 33 so that air is
sucked through the subrack assembly. In another
embodiment, seen in FIGS. 12A, 12B, and 12C, a module
25’’ jincludes a fan assembly 35’ mounted in the intake
space 41 below the subrack 34. The fan assembly 35‘
blows air vertically up through the subrack assembly 33.
Further, the direction of air flow through the module 25
may be reversed or altered from the preferred embodiment
in which air is forced vertically ﬁpward fhrough the
subrack assembly 33. The modules may, for example,
provide air flow paths through the subrack whereby the
air is forced vertically downward through the subrack
assembly 33 or horizontally across the subrack assembly.
The fan assembly 35 may, of course, be disposed at any
position in which it is capable of forcing sufficient
cooling air through the subrack assembly 33.

The modular packaging system 21 facilitates
construction and maintenance of customized electronics
systems such as radio base stations for cellular
telephone communications systems. For example, the
individual modules 25 are preferably sized such that they
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i ndi vi dual nodul es 25 are preferably sized such that they
- 20 -

-

- 20 -

are conveniently carried by an individual. Further, as
seen in FIG. 2A, when individual modules 25 are arranged
vertically relative to one another, the left and right
cable chutes 37, 39 of one module align, respectively,
with the left and right cable chutes of upper and lower
modules and facilitates forming electrical connections
between modules arranged above and below one another. As
seen in FIG. 2B, the air shafts 43 of the vertically
arranged modules 25 align and form a common chimney,
thereby facilitating efficient ventilation of a number of
vertically arranged modules.

| When modules ?5 are'arranged horizontally
relative to one another in a side-by-side arrangement,
the left cable chute 37 of one module is positioned
adjacent the right cable chute 39 of another module, as
seen in FIG. 2A, thereby facilitating forming electrical
connections between modules arranged horizontally, side-
by-side. When modules 25 are arranged horizontally
relative to one another in a back-to-back arrangement,
the openings 42a in the rear cabinet wall 89 are aligned
with one another so that the passages 42 in each module
extend to.éhe intake passage 41, as seen in FIG. 2C,
thereby facilitating forming electrical connections
between the modules through the passages and the intake
passage. The geometrical flexibility of the modular
packaging system 21 permits, in many -cases, the use of
existing buildings or areas as sites for the system.

Further, the modularity of the modular

packaging system 21 lends to simplified construction of
customized electronics systems such as radio base
stations for cellular telephone communications systems.
Standardized units such as interchangeable modules 25 and
printed board assemblies 129 can be constructed and
tested at a central manufacturing and testing site and
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aré conveniently carried by an individual. Further, as seen in FIG 2A,
when i ndividual nodules 25 are arranged vertically relative to one another,
the left and right cable chutes 37, 39 of one nodul e align, respectively,
with the left and right cable chutes of upper and | ower nodul es and
facilitates form ng el ectrical connections between nodul es arranged above
and bel ow one another. As seen in FIG 2B, the air shafts 43 of the
vertically arranged nodul es 25 align and form a.common chi mey, thereby
facilitating efficient ventilation of a nunber of vertically arranged
nodul es. When nodul es 25 are arranged horizontally relative to
one anot her in a side-by-side arrangenenL,zihg | eft cable chute 37 of one
nodul e i s positioned

warehoused as needed for installation in new, or
replacément in existing modular packaging systems 21.
The standardization of features of the modular packaging
system 21 permits the use of less highly skilled
technicians in the construction and maintenance of the
system. Further, standardization and interchangeability
permit quick replacement of damaged or faulty modular
packaging system 21 components, which is of great
importance in fields such as communications.

It is, of course, possible to embody the
invention in specific forms other than those described
above without departing from the spirit of the present
invention. The embodiments described above are merely
illustrative and should not be considered restrictive in
any way. The scope of the invention is given in the
appended claims, rather than the preceding description,
and all variations and equivalents which fall within the
range of claims are intended to be embraced therein.
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adj acent the right cable chute 39 of another nodule, as seen in FIG 2A
thereby facilitating formng electrical connections between nodul es

arranged horizontally, side- by-side. Wen nodules 25 are—arranged—
hori zontally relative to one another in a back-to-back ar a enent the
openings 42a in the rear cabinet wall 89 are aligned wt d
that the passages 42 in each nodule extend to the intake

seen in FIG 2C, thereby facilitating formng el ectrical

bet ween the nodul es through the passages and the intake passage The
geonetrical flexibility of the nodul ar gaﬁé ging system 21 pernits, in many
cases, the use of existing buildings or as as sites for the system

Further, the If i& Q h 8m)dular packagi ng system 21 lends to
sinplified c ' *

1. A modular packaging system for electrical
equipment, comprising:
two or more modules adapted to enclose
electrical equipment, each module including
a cabinet including an interior adapted to
receive the electrical equipment, the cabinet including
an inner cabinet wall forming an air shaft, the cabinet
being formed with a first and a second opening, the
second opening being formed in the inner cabinet wall,
and , '
means for forcing air through the first
cpening of the cabinet, through the interior, out the
second opening of the cabinet, and into the air shaft
such that the interior of the cabinet is continuously
cooled; and
a chimney formed by aligning the air shafts of
two or more modules arranged vertically relative to one
another.

2. The modular packaging system as set forth
in claim 1, wherein, in each module, the cabinet further
includes a vertical space extending between a top and a
bottom opening in the cabinet, the modular packaging
system further comprising a vertical cable chute formed
by aligning the vertical spaces of two or more modules
arranged vertically relative to one another.

3. The modular packaging system as set forth
in claim 1, wherein, in each module, the cabinet further
includes a horizontal space extending between a left and
a right opening in the cabinet, the modular packaging
system further comprising a horizontal cable chute formed
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custom zed el ectronics systens such as radi o base stations for cellular
t el ephone comruni cati ons systens. Standardi zed units such as

i nt er changeabl e nodul es 25 and printed board assenblies 129 can be
constructed and tested at a central manufacturing and testing site and

by aligning the horizontal spaces of two or more modules
arranged horizontally relative to one ancther.

4. The modular packaging system as set forth
in claim 2, wherein, in each module, the cabinet further
includes a horizontal space extending between a left and
a right opening in the cabinet, the modular packaging
system further comprising a horizontal cable chute formed
by aligning the horizontal spaces of two or more modules
arranged horizontally relative to one another.

5. The modular packaging system as set forth
in claim 4, wherein, in each module, the cabinet has four
sides and includes four horizontal arms extending in the
same direction from four corners of the cabinet and a
cover removably attachable to ends of the four arms, the
cover, the arms, and the sides defining the top and .
bottom openings between which the vertical space extends
and the left and right openings between which the
horizontal space extends.

- 6. -The modular packaging system as set forth
in claim 1, wherein each module further includes means,
disposed in the cabinet, for distributing air forced
through the interior by the air forcing means in a
primary air flow pattern.

7. The modular packaging system as set forth
in claim 6, wherein, in each module, the air forcing
means includes a pair of fans and the distributing means
is formed such that, upon failure of either one of the
fans, a secondary air flow pattern is established.
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-321 - warehoused as needed for installation in new, or replacenent in
exi sting nodul ar packagi ng systens 21. The standardi zati on of features of
the nodul ar packaging system 21 permits the use of I'éss highly SkiTTed
technicians in the construction and nai ntenance of thepsatal @R BdshlREJIRE
standardi zation and interchangeability permt quick re naged
or faulty nodul ar packagi ng system 21 conponents, whic ,nmm"lauﬁmw

i mportance in fields such as communicati ons.

possi bl e to enbody the

8. The modular packaging system as set forth
in claim 1, wherein each module further includes an air-
permeable subrack assembly adapted for mounting the
electrical equipment therein, the subrack assembly being
mounted in_the cabinet such that first and second spaces
are formed between the subrack assembly and the cabinet,
the first and second spaces extending to the first and
second openings, respeétively.

9. The modular packaging system as set forth
in claim 1, further comprising a base upon which a
vertical stack of modules is mountable.

10. The modular packaging system as set forth
in claim 1, further comprising a chimney cover attachable
above the chimney, and wherein, in each module, the air
forcing means includes a housing, a top surface of the
housing of a top one of the two or more vertically
arranged modules and the cover forming a top cover of a
stack of modules.

11. A modular packaging system for a radio
base station, comprising:
two or more modules adapted to enclose
electrical equipment, each module including
a cabinet including an interior adapted to
receive the electrical equipment, the cabinet being
formed with a first and a second opening, the cabinet
further being formed with a vertical space extending
between a top and a bottom opening, and
means for forcing air through the first
opening of the cabinet, through the interior of the
cabinet, and out the second opening of the cabinet such

-
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i nZention in specific forms other than those descri bed above w t hout
departing fromthe spirit of the present invention. The enbodi nents

degcribed above are nerely illustrative and shoul d not be_nﬂﬂsLQQLQQ______a_
restrictive in any way. The scope of the invention |s glven in the appende
clainms, rather than the precedi ng description, and all var r

equivaients which fall within the range of clains are |ntend
enbraced therein. _

- 265 =

that the interior of the cabinet is continuously cocled:
and . |

a vertical cable chute formed by aligning the
vertical spaces of two or more modules arranged
vertically relative to one another..

12. A modular packaging system for a radio
base station, comprising:

two or more modules adapted to enclose
electrical equipment, each module including

a cabinet in which the electrical

equipment is disposed, the cabinet being formed with a
first and a second opening, the cabinet further being
formed with a horizontal space exﬁending between a left

and a right opening, and
means for forcing air through the first

opening of the cabinet, through the interior of the
cabinet, and out the second opening of the cabinet such
that the interior of the cabinet is continuously cooled:
and

a horizontal cable chute formed by aligning
the horizontal spaces of two or more modules arranged
horizontally relative to one another.

13. The modular packaging system as set forth
in claim 12, wherein, in each module, the cabinet further
includes a vertical space extending between a top and a
bottom opening in the cabinet, the modular packaging
system further comprising a vertical cable chute formed
by aligning the vertical spaces of two or more modules
arranged vertically relative to one another.

14. A modul? for a modular packaging systen,
comprising:
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- 22 - VWHAT 'I S CLAI MED 1| S: 1. A nodul ar packagi ng system

for electrical equi pnent, conpri sing: two or more nodul es
adapted to encl ose el ectrical equipnent, each nodul e including
a cabinet including an interior adapted to receive the electrical

equi pment, the cabinet including

a cabinet, the cabinet having four sides and
four horizontal arms extending in the same direction from
four corners of the cabinet, the cabinet including a
cover removably attachable to ends of the four arms, the
cover, the arms, and the sides defining top and bottom
cabinet openings between which a vertical space extends
and left and right cabinet openings between which a
horizontal space extends, the cover being formed with
apertures, the cabinet be;ng formed with an outlet
opening;

an air-permeable subrack assembly, electrical
equipment being adapted to be mounted in the interior of
the subrack assembly, the subrack assembly being mounted
in the cabinet such that first and second spaces are '
formed between the subrack assembly and the cabinet,. the.
first and second spaces extending to the apertures in the
cover and the outlet opening, respectively:; and

means for forcing air through the apertures in
the cover, through the subrack assembly, and out the
outlet opening of the cabinet to permit continuous
cooling of the interior of the subrack assembly;

wherein the module is adapted to be vertically
arranged relative ‘to another module such that the
vertical spaces of the modules are aligned, and the
module is adapted to be horizontally arranged relative to
another module such that the horizontal spaces of the
modules are aligned.

15. The module as set forth in claim 14,
further comprising means, disposed both on the exterior
of and on the interior of the subrack assembly, for
forming electrical connections with electrical equipment
mounted in the inter%gr of the subrack-assembly.
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an inner cabinet wall and a rear cabinet wall, the inner cabinet wall and
the rear cabinet wall formng an air shaft, the cabinet being formed with
-a first and a second openi ng, the second openi ng bei ng formed in the

i iner cabi net wall, and means for forcing air through the
first opening of the cabinet, through the interior, out the second
openi ng of the cabinet, and into the air shaft such that the interior of

t he cabinet is continuously cooled; and a chimey fornmed by
aligning the air shafts of two or nore nodul es arranged vertically
relative to one another. 2. The nodul ar packagi ng system as
set forth -

16. The module as set forth in claim 15,
wherein the subrack assembly and the electrical
connection means provides electromagnetic shielding for
equipment mounted in the interior of the subrack
assembly.

' 17. The module as set forth in claim 14,
wherein the cabinet further includes an interior cabinet
wall defining, with a rear wall and portions of left and
right walls of the cabinet, an air shaft, the air shaft
extending between the outlet opening of the cabinet and a
bottom opening of the qabinet, the interior cabinet wall
being formed with an interior cabinet wall opening.
through which air forced by the air forcing means through
the subrack assembly passes to the air shaft and out the

 outlet opening of the cabinet. '

18. The module as set forth in claim 17,
further comprising a passage extending between an opening
in the inner cabinet wall and an opening'in the rear wall
and wherein, when the module is horizontally arranged
relative to another module, the openihgs in the rear
walls of the modules are aligned.

19. The module as set forth in claim 17,
wherein, when the module is vertically arranged relative
to another module, the air shaft of the modules are
aligned and form a chimney.

: 20. The module as -set forth in claim 17,
wherein the inner cabinet wall resists deformation of the

cabinet.
r o
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im claiml, wherein, in each nodule, the cabinet further includes a
vertical space extending between a top and a bottom opening in the cabinet,
the nodul ar packagi ng systemfurther. conprising a vertical cable chute
formed by aligning the vertical spaces of two ‘or nore nodul es arranged
vertically relative to one another. ' 3. The modul ar packagi ng
systemas set forth in claim1, wherein, in each nodul e, the cabi net
further -includes a horizontal space extending between a left and a right
opening in the cabinet, the nodul ar packagi ng system further conprising a
hori zontal cable chute forned ' :
- 28 =~
21. The module as set forth in claim 14,
further comprising means, disposed in the cabinet, for
‘distributing air forced through the subrack assembly by

the air forcing means in a primary air flow pattern.

22. The mocdule as set forth in claim 21,
wheréin the air forcing means includes a pair of fans and
the distributing means is formed such that, upon failure
of either one of the fans, a secondary air flow pattern
is established through the subrack assembly.

23. The modyle as set forth in claim 21,
wherein the air forcing means includes a housing disposed
above the subrack assembly.

24. The module as set forth in claim 23,
wherein the distributing means includes a plate formed
with a pattern of apertures.

25. The module as set forth in claim 24,
wherein the plate forms a bottom of the housing.

26. The module as set forth in claim 24,
wherein the plate forms a top of the subrack.

27. The module as set forth in claim 24,
wherein the plate is disposed between a bottom of the
housing and a top of the subrack.

28. The module as set forth in claim 21,
wherein the distributing means includes a plate formed
with a pattern of apertures.
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- 23 - by aligning the horizontal spaces of two or nore nodul es arranged

horizontally relative to one anot her.
—

ThlS Sheet Has Been R

R

29. The module as set forth in claim 28,
wherein the apertures are unevenly spaced.

30. The module as set forth in claim 14,
wherein the module includes a rear wall in which an rear
opening is formed and a passage extends between the rear
opening and the first space and wherein, when the module
is horizontally arranged relative to another module, the
openings in the rear walls of the modules are aligned.

31. A module for a mocdular packaging system,
comprising: '

a cabinet, the cabinet having a rear wall, left
and right walls, and top and bottom sides;

an interior cabinet wall defining a space with
the rear wall and portions of the left and right walls of
the cébinet, the space extending between the top and
bottom sides of the cabinet.

32. The module as set forth in claim 31,
wherein the inner cabinet wall resists deformation of the
cabinet.
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4. = The nodul ar packagi ng systemas set forth in claim2, wherein, in each

nodul e, the cabinet further includes a horizontal space ex%eﬁdfﬁg—be%ﬁﬁeﬂ—a——
|l eft and a right opening in the cabinet, the nodul ar. packagl £
further conprising a horizontal cable chute forned by aligm ““Reh“d
hori zontal spaces of two or nore nodul es arranged horizontall IlM}u

one anot her. 5. The nndula;ypackaglng system as

claim4, wherein, in each nodule, the caf¥net has four sides and includes
~four horizontal arms extending in the sane direction fromfour corners of

t he cabinet and a

MODULAR PACKAGING SYSTEM
ABSTRACT

In a modular packaging system for electrical equipment, two or more modules are
arranged horizontally or vertically relative to one another. Each module includes
electrical equipment, a cabinet in which the electrical equipment is disposed, and
a fan assembly for forcing air through the cabinet to cool the electrical equipment.
The cabinet includes an inner cabinet wall forming an air shaft, a vertical spaée
extending between a top and a bottom opening in the cabinet, and a horizontal
space extending between a left and a right opening in the cabinet. The cabinet is
further formed with a first and a second opening. The second opening is formed
in the inner cabinet wall. . The fan assembly forces air through the first opening
of the cabinet, past the electrical equipment, out the second opening of the cabinet,
-and into the air shaft. The modular packaging system further includes a chimney
formed by aligning the air shafts of two or more modules arranged vertically
relative to one another and a vertical cable chute formed by aligning the vertical
spaces of the two or more vertically arranged modules. The modular packaging
system further includes a horizontal cable chute formed by aligning the horizontal
spaces of two or more modules arranged horizontally relative to one another.

Figures 1 & 5
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cover renovably attachable to ends of the four arns, the cover, the.arns,
and the sides defining the top and bottom openi ngs between which the
vertical space extends and the left and right openings between which the
hori zontal space extends. 6. The nodul ar packagi ng system as
set forth in claim1l, wherein each nodule further includes neans, disposed
in the cabinet, for distributing air forced through the interior by the air
forcing neans in a primary air flow pattern. , 7. The nodul ar
packagi ng systemas set forth _ 1712
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in=laim®6, wherein, in each nodule, the air forcing neans includes a pair

of fans and the distributing neans is forned such that,

upon failure of °

ei ther one of the fans, a secondary air flow pattern is established.
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- 24 - 8. The nodul ar packagi ng systen1as set forth in claim
1 wherein each nodule further includes an air- perneable subrack assenbly
adapted for nounting the electrical equipnent therein, the subrack
assenbly being nounted in the cabinet such that first and second spaces
are formed between the-subrack assenbly and the cabinet, the first and
second spaces extending to the first and second openi ngs, respectively.

9. The nodul ar packagi ng systemas set forth in cIa|n11 further
conprising a base upon which a
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vefFtical stack of nodules is nountable. 10. The nodul ar
packagi ng systemas set forth in claim1, further conprising a chi mey
cover attachabl e above the chimey, and wherein, in each nodule, the air
forcing neans includes a housing, a top surface of the housing of a top .one
of the two or nore vertically arranged nodul es and the cover forming a top

cover of a stack of nodul es. 11. A nodul ar packagi ng system
for a radi o base station, conprising: two or nore nodul es adapted
to encl ose '
4 /12
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electrical equipnent,

each nodul e i ncl udi ng

a rectangul ar

cabi net having eight corners defining an interior adapted to receive the

el ectrical equi pnent,

openi ng, the cabinet further being formed with a first vertical
extendi ng between a top and a bottom openi ng,
bei ng di sposed within the eight corners of the cabinet,
i nner cabi net wal |
and the rear cabinet wall glefji2ni ng a second vertical space

having a verti cal
cabi net wal |
the

and a rear cabinet wall,
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- 25- second openi ng extendi ng through the inner cabinet wall, and

means for forcing air through the first opening of the cabinet, through
the interior of the cabinet, out the second opening of the cabinet, and
into the second vertical space, such that the interior of the cabinet -is

conti nuously cool ed; and a vertical cable chute fornmed by aligning
the second vertical spaces of two or nore nodul es arranged vertically
rel ative to one anot her. 12. A nodul ar packagi ng systemfor a radio
base ) 6/12

AY

7
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s{ ation, conprising: two or nore nodul es adapted to encl ose el ectrical
equi pnent, each nodul e i ncl udi ng a cabinet in which the electrical

equi pnent is disposed, the cabinet being formed with a first and a second
openi ng, the cabinet further being fornmed with a horizontal space extending
between a left and a right opening, and means for forcing air through
the first opening of the cabinet, through the interior of the cabinet, and
out the second opening of the cabinet such that the interior of the cabinet
i s continuously cool ed; and a horizontal cable chute formed by
aligning the horizontal spaces of tawigr nore nodul es arranged horizontally
rel ative to one anot her. '
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13* The nodul ar packagi ng systemas set forth in claim12, wherein, in each
nodul e, the cabinet further includes a vertical space extendi ng between a
top and a bottom opening in the cabinet, the nodul ar. packagi ng system
further conprising a vertical cable chute formed by aligning the verti cal
spaces of two or nore nodul es arranged vertically relative to one another.
14. A nodul e for a nodul ar packagi ng system conpri sing:

8/12
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-v, 26 - a cabinet, the cabinet having four sides and four

Rori zontal arns extending in the sane direction from four corners of the
cabi net, the cabinet including a cover renovably attachable to ends of the
four arns, the cover, the arns, and the sides defining top and bottom
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cabi net openi ngs between which a vertical space extends and left and right

cabi net openi ngs between which a horizontal
t he cabinet being forned with an outl et
equi pnent bei ng adapted to be
t he subrack assenbly being

formed with

apertures,
an’air-perneabl e subrack assenbly,
mounted in the interi.or of the subrack assenbly,

el ectri cal

space extends,

t he cover being
openi ng;

nmounted in the cabinet such that first and second spaces are fornmed between

t he subrack assenbly and the cabi net,

to the apertures in the cover and the outi@{1®peni ng,
means for forcing air through theygpertures igythe cegsr, through the

subrack assenbly,
cont i nuous

the first and second spaces extending
respectively;

and

and out the outl®t opening df the chbinet to permt
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gooling of the interior of the subrack assenbly; wherein the
yoodul e is adapted to be vertically arranged relative to anot her nodul e such
that the vertical spaces of the nodules are aligned, and the nodule is
acdapted to be horizontally arranged relative to another nodul & such that .
the horizontal spaces of the nodul es are aligned. 15. The
nodul e as set forth in claim 14, further conprising neans, disposed both on
the exterior of and on the interior of the subrack assenbly, for formng

el ectrical connections with electrical 1dduiidnent nounted in the interior of
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HEuded rafly
16. The podul e as set forth in claim 15, wherein the subrack assenb?mwgngs
the el ectrical connection nmeans provides el ectromagnetic shielding for
equi pnent nounted in the interior of the subrack assenbly. . 17
The nodule as set forth in claim 14, whereiLp_the cabinet further includes
an interior cabinet wall defining, with a rear wall and portions of |eft

and right wallscoktiord Rabiciel i ekparsditdn, ddewail §§aéim§ﬂf?§!hﬁg
bet ween the outl et opening of the cabuget and a bottom openi'hg of the

cabi net, the inFEPLST &5 et P2 RRAK I IRRARFR h an i nterior cabinet
wal | opening throughEsiistiing rpdckagsk or udh reqismdee "geASra 01 pugh
: consist of conventional cabinets in which holes are

drilled or punched. Cables are extended through the
holes so that electrical connections between individual
components in one cabinet can be formed with components
in other cabinets and elsewhere. In view of the labor
necessary in punching the holes and forming electrical
connections between different cabinets, it is desirable
to provide a modular packaging system in which
interconnection of electrical components in different
modules is simplified.

In existing packaging systems, each cabinet is
typically provided with a fan for ventilating the
equipment in the cabinet and blowing air to outside of
the cabinet. The heated air blown outside of the
cabinet by the fan may linger around the cabinet, and
heat the area immediately around the cabinet. The
heated air may create an uncomfortable or dangerous
condition. In view of the potential of such
conditions, it is therefore desirable to provide an
improved system of ventilating air heated by electrical
equipment.

SUMMARY

In accordance with one aspect of the present
invention, there is provided a modular packaging system
for electrical equipment, comprising: two or more
modules adapted to enclose electrical equipment, each

. module including a cabinet including an interior
adapted to receive the electrical equipment, the
cabinet including an inner cabinet wall and a rear
cabinet wall, the inner cabinet wall and the rear
cabinet wall forming an air shaft, the cabinet being
formed with a first and a second opening, the second

opening being faormed in the ipner cabinet wall, and
REPLACEMENT SHEETS SG
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t he subrack assenbly passes to the air shaft and out the outlet opening of
t he cabi net . 18. The nodule as set forth in claim17, further

conprising a passage extending between an opening in the inner cabi net wal |
and an opening in the rear wall- and wherein, when the nodule is

hori zontally arranged relative to another:%ndule t he openings in the rear
wal I's of the nodules _are_ali e nodul e as set forth

in claim17, Wﬂ%@%ﬁnfoﬁhgﬁrFﬂggnﬁaﬁléhF?ugngPEaFF§S§rPBﬁGé&giaﬁﬂqhﬁato
anot her nDdulecaﬁhﬂeﬁlrtﬁbaﬁghoﬁhéhenﬁédﬂbﬁs oue the second opening

of the cabinet, and into the air shaft such that the
interior of the cabinet is continuously cooled; and a
chimney formed by aligning the air shafts of two or
more modules arranged vertically relative to one
another.

In accordance with a further aspect of the present
invention, there is provided a modular packaging system
for a radio base station, comprising: two or more
modules adapted to enclose electrical equipment, each
module including a rectangular cabinet having eight
corners defining an interior adapted to receive the
electrical equipment, the cabinet being formed with a
first and a second opening, the cabinet further being
formed with a first vertical space extending between a
top and a bottom opening, the first vertical space
being disposed within the eight corners of the cabinet,
the cabinet further having a vertical inner cabinet
wall and a rear cabinet wall, the inner cabinet wall
and the rear cabinet wall defining a second vertical
space, the second opening extending through the inner
cabinet wall, and means for forcing air Ehrough the
first opening of the cabinet, through the interior of
the cabinet, out the second opening of the cabinet, and
into the second vertical space, such that the interior
of the cabinet is continuously cooled; and a vertical
cable chute formed by aligning the second vertical
spaces of two or more modules arranged vertically
relative to one another.

In accordance with a further aspect of the present
invgntion, there is provided a modular packaging system
for a radio base station, comprising: two or more
modules adapted to enclose electrical equipment, each
module including a cabinet in which the electrical
equipment is disposed, the cabinet being formed with a
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aligned and form a chi mey. 20. The nodul e as set forth in
claim 17, wherein the inner cabinet wall resists defornmati on of the

cabi net .
-4-

first and a second opening, the cabinet further being
. formed with a horizontal space extending between a left
and a right opening, and means for forcing air through
the first opening of the cabinet, through the interior
of the cabinet, and out the second opening of the
cabinet such that the interior of the cabinet is
continuously cooled; and a horizontal cable chute
formed by aligning the horizontal spaces of two or more
modules arranged horizontally relative to one another.
In accordance with a further aspect of the present
invention, there is provided a module for a modular
packaging system, comprising: a cabinet, the cabinet
having four sides and four horizontal -arms extending in
the same direction from four corners of the cabinet,
the cabinet including a cover removably attachable to
ends of the four arms, the cover, the arms, and the
sides defining top and bottom cabinet openings between
which a vertical space extends and left and right
cabinet openings between which a horizontal space
extends, the cover being formed with apertures, the
cabinet being formed with an outlet opening; an air-
permeable subrack assembly, electrical equipment being
adapted to be mounted in the interior of the subrack
agsembly, the subrack assembly being mounted in the
cabinet such that first and second spaces are formed
between the subrack assembly and the cabinet, the first
and second spaces extending to the apertures in the
cover and the outlet opening, respectively; and means
for forcing air through the apertures in the cover,
through the subrack assembly, and out the outlet
opening of the cabinet to permit continuous cooling of
the interior of the subrack assembly; wherein the
module is adapted to be vertically arranged relative to
another module such that the vertical spaces of the
modules are aligned, and the module is adapted to be
horizontally arranged relative to another module such
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- 28 - . . 21. The nodule as set forth in claim 14, further
conpri sing neans, disposed in the cabinet, for distributing air forced

through the subrack assenbly by the air forcing.means in a primary air flow -
pattern. 22. The nodul e as set forth in claim2l, wherein the f
air forcing neans includes a pair of fang~and t he distributing neans is

formed such %%gf QHE”Lééﬂééﬁéél spaces of the modules are alignéd.
In accordance with a further aspect of the present
invention, there is provided a modular packaging system
for a radio base station, comprising: two or more
modules adapted to enclose electrical equipment, each
module including a cabinet in which the electrical
equipment is disposed, the cabinet being formed with a
first and a second opening, the cabinet further being
formed with a horizon;al space extending between a
front of the cabinet and a rear opening in a rear wall
of the cabinet, and means for forcing air through theé
first opening of the cabinet, through the interior of
the cabinet, and out the second opening of the cabinet
such that the interior of the cabinet is continuously
cooled; and a horizontal cable chute formed by aligning
the horizontal spaces of two or more of the modules
arranged horizontally, rear wall to rear wall, relative
to one another, such that the horizontal cable chute
extends from a front of a first one of the cabinets to
a front of a second one of the cabinets.
BRIEF DESCRIPTION OF THE DRAWINGS
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of either one.of the fans, a secondary air flow pattern is est abl i shed

t hrough t he subrack assenbly ~23. The nodule as set forth in
claim 21, wherein the air forcing neans includes a housing di sposed above

t he subrack assenbly. .24. The nodule as set forth in claim23,

wherein the distributing neans i ncl udes a plate formed with a pattern of
25. The nodul e as set forth in claim 24,

- 22 -

apertures.

WHAT Y8 CLAIMED IXS8:
1. A modular packaging system for electrical

equipment, comprising:
' two or more modules adapted to enclose

electrical equipment, each module including
a cabinet including an interior adapted to

receive the electrical equipment, the cabinet including
an inner cabinet wall and a rear cabinet wall, the inner cabinet wall
and the rear cabinet wall forming an air shaft, the cabinet being
formed with a first and a second opening, the second opening being

formed in the inner cabinet wall; and
means for forcing air through the first

opening of the cabinet, through the inter;or, out the
second opening of the cabinet, and into the air shaft
such that the interior of the cabinet is continuously

cooled; and )
a chimney formed by aligning the air shafts of

two or more modules arranged vertically relative to one

another.

2. The modular packaging system as set forth
in claim 1, wherein, in each module, the cabinet further
includes a vertical space extending between a top and a
bottom opening in the cabinet, the modular backaging
system further.comprising a vertical cable chute formed
by éiigning the vertical spaces of two or more modules
arranged vertically relative to one another.

) 3. The modular packaging system as set forth -
in claim 1, wherein, in each module, the cabinet further
includes a horizontal space extending between a left and
a right opening in the cabinet, the modular packaging
system further comprising a horizontal cable chute formed
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‘Wwher ei n the plate forms a bottonfof_thg;housing.- 26. The nodul e
as set forth in claim24, wherein thé pliate forns a top of the subrack.
27. The nodul e as set forth in claim24, whereiin the plate is disposed

28.

bet ween a bottom of the housing and a top of the subrack.
The nodul e as set forth in claim21, wherein the distributing neans

includes a plate forned with a pattern of apertures.
- 24 -

8. The modular packaging system as set forth
in claim 1, wherein each module further includes an air-
permeable subrack assembly adapted for mounting the
electrical equipment therein, the subrack assembly being
mounted in_ the cabinet such that first and second spaces
are formed between the subrack assembly and the cabinet,
the first and second spaces extending to the first and

second openings, respectively.

9. The modular packaging system as set forth
in claim 1, further comprising a base upon which a
vertical stack of modules -is mountable.

10. The modular packaging system as set forth
in claim 1, further comprising a chimney cover attachable
above the chimney, and wherein, in each module, the air
forcing means includes a housing, a top surface of the
housing of a top one of the two or more vertically
arranged modules and the cover forming a top cover of a

stack of modules.

11. A modular packaging system for a radio
base station, comprising:

two or more modules adapggd to enclose
electrical equipment, each module including

a rectangular cabinet having eight comers defining an
interior adapted to receive the electrical equipment, the cabinet
being formed with a first and a second opening, the cabinet further
being formed with a first vertical space extending between a top and
a bottom opening, the first vertical space being disposed within the
eight‘corne.x_:s of the cabinet, the cabinet further having a vertical
inner cabinet wall and a rear cabinet wall, the inner cabinet wall
and the rear cabinet wall defining a second vertical space, the
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- 29- , 29. The nodule as set forth in claim28, wherein the apertures
are unevenly spaced. 30. The nodule as set forth in claim 14, wherein
the nodule includes a rear wall in which a rear opening is forned and a

passage extends between the rear _25-_

second opening extending through the inner cabinet
wall, and

means for forcing air through the first opening of
the cabinet, through the interior of the cabinet, out
the second opening of the cabinet, and into the second
vertical space, such that the interior of the cabinet
is continuously cooled; and

a vertical cable chute formed by aligning the
second vertical spaces of two or more modules arranged
vertically relative to one another.

12. A modular packaging system for a radio base
station, comprising: '

two or more modules adapted to enclose electrical
equipment, each module including

a cabinet in which the electrical equipment is
disposed, the cabinet being formed with a first and a
second opening, the cabinet further being formed with a
horizontal space extending between a left and a right
opening, and

means for forcing air through the first opening of
the cabinet, through the interior of the cabinet, and
out the second opening of the cabinet such that the
interior of the cabinet is continuocusly cooled; and

a horizontal cable chute formed by aligning the
horizontal spaces of two or more modules arranged
horizontally relative to one another.

13. The modular packaging system as set forth in
claim 12, wherein, in each module, the cabinet further
includes a vertical space extending between a top and a
bottom opening in the cabinet, the modular packaging
system further comprising a vertical cable chute formed
by aligning the vertical spaces of two or more modules
arrénged vertically relative to one another.

14.° A module for a modular packaging system,

comprising:
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opening and the first space and wherein, when the nodule is horizontally
arranged rel ative to another nodul € the .openings in the rear walls of the

nodul es are aligned. 31. A nodul ar packagi ng system for a radio base
station, conprising: two or .nore mpdul es adapted to encl ose el ectri cal
equi prent, each nodul e including a <Hbi net in mhich the el ectrical

openi ng. the cabi HeL- | AHAOBLR @S ATE G Th KO Tbrths ¢ %%s‘i‘eifé‘n’S?ng
between a fr ahie efpettmmedine wnsvenlyaspagsdi ng in a rear wall of t he
cabinet, and IPANSTHS md Rl Mk Ade FUAUPN A NG 4 SE4 ORGRLDZ

the module includes a rear wall in which a rear opening

is formed and a passage extends between the rear

opening and the first space and wherein, when the

module is horizontally arranged relative to another

module, the openings in the rear walls of the modules

are aligned.
' 31. A modular packaglng system for a radio base

station, compr1s1ng-

two or more modules adapted to enclose electrical
equipment, each module including

a cabinet in which the electrical equipment is
disposed, the cabinet being formed with a first and a
second opening, the cabinet further being formed with a
horizontal space extending between a front of the
cabinet and a rear opening in a rear wall of the
cabinet, and

means for forcing air through the first opening of
the cabinet, through the interior of the cabinet, and
out the second opening of the cabinet such that the
interior of the cabinet is continuously cooled; and

a horizontal cable chute formed by aligning the
horizontal spaces of two or more of the modules
arranged horizontally, rear wall to rear wall, relative
to one another, such that the horizontal cable chute
extends from a front of a first one of the cabinets to
a front of a second one of the cabinets. -

32. The modular packaging system as set forth in
claim 31, the modular packaging system comprising three
or more modules, wherein, in each module, the cabinet
further includes a vertical space extending between a
top and a bottom opening in the cabinet, the modular
packaging system further comprising a vertical cable
chute formed by aligning the vertical spaces of two or
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t he cabinet, through the interior of the cabinet, and out the second
openi ng of the cabinet such that the interior of the cabinet is

conti nuously cool ed; and a horizontal cable chute formed by-aligning
t he horizontal spaces of two or nore of the nodul es arranged horizontally,
rear wall to rear wall, relative to one3®other, such that the horizontal

cabl e chute extends. froma front of a first one qf. the cabinets to a front
of .a second SIFSPT Hhik AMdrtas arranged vaRe Brekatdig P s9Re em as
set forth i nadcdh®ex3l, the nodul ar packagi ng system conprising three or

nor e nodul es, whersgj n, ,i N _each dul e, t cabinet f.urther includes a
vertical space ext3?n'd_i r‘#g “Bpéf%e?% taoﬂ‘oéﬂr’gazf G e AYRFSH t he cabi net,
the modul ar pubsigintg ashist emm fhertdier desamibeidnyitly aefiertincale or

as shown in, the accompanying drawings.

e

A O A
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chute fornmed by aligning the vertical spaces of two or

-30- noré of the nodules arranged.vertically relative to one another.
33. A nodul e for a nodul ar packagi ng system substantially as herein
described with reference to, or as shown in, the acconpanyi ng draw ngs.

- 31 -

MODULAR PACKAGING SYSTEM
ABSTRACT

In 2 modular packaging system for electrical equipment, two or more modules are
arranged horizontally or vertically relative to one another. Each module includes
electrical equipment, a cabinet in which the electrical equipment is disposed, and
a fan assembly for forcing air through the cabinet to cool the electrical equipment.
The cabinet includes an inner cabinet wall forming an air shaft, a vertical space
extending between a top and a bottom opening in the cabinet, and a horizontal
space extending between a left and a right opening lin the cabinet. The cabinet is
further formed wuh a first and a second opening. The second opening is formed
in the inner cabinet wall. The fan assembly forces air through the first opening
of the cabinet, past the electrical equipment, out the second opening of the cabinet,
and into the air shaft. The modular packaging system further includes a chimney
formed by aligning the air shafts of two or more modules arranged vertically
relative to one another and a vertical cable chute formed by aligning the vertical
spaces of the two or more verticaily arranged modules. The modular packaging
system further includes a horizontal cable chute formed by aligning the horizontal
spaces of two or more modules arranged horizontally relative to one another.

Figures 1 & 5
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(S7) Abstract ©

In a modular packaging system for clectrical equipment, two or more modules are armanged horizontally or vertically relative to one
another. Each module includes electrical equipment, a cabinet in which the electrical equipmeat is disposed, and a fan assembly for forcing
air through the cabinet to cool the electrical equipment. neabmetmhdesmmabmetwaﬂfomnganmshﬂ.avawdw
extending between a top and a bottom opening in the cabinet, and a horizontal space extending between & left and s right opening in the
cabinet. The cabinet is further formed with a first and & second opening. The second opening is formed in the inner cabinet wall. The fan
assembly forces air through the first opening of the cabinet, past the electrical equipment, out the second opening of the cabinet, and into
the air shaft. The modular packaging system further includes & chimney formed by aligning the air shafts of two or more modules amanged
vertically relative to one another and a vertical cable chute formed by aligning the vertical spaces of the two or more vertically amranged
modules. The modular packaging system further includes & horizontal cable chute formed by afigning the horizootal spaces of two or more
modules aranged horizontally reiative to one another.

FOR THE PURPOSES OF INFORMATION ONLY
CodesuudmﬂemfySmpmywﬂchrmmeﬁmpagsofpmpMpubhﬂmgmmow
applications under the PCT.
AT Ausizis GB United Kingdom MR Mauxitavia
AU Australis GE Georgia MW Malawi -
BB Barbados GN  Guines NE Niger
BE Belginm GR Gresce NL Netheriands
Br Burkioa Faso 11 Hungeey NO Norway
BG Bulgsria Breland NZ New Zealsnd
| ¥ Benin T Tealy n Polsad
BR Brazil »r Japa m Portagal
BY Belars KE Keaya RO Rommnia
CA Canada KG  Kygysaa RU Russian Foderation
CF Central African Republic Kr Democratic Peopie’s Republic sSD Sade
©G Coogo of Korea SE Swedm
CH Switzeriand KR Republic of Kores St Slovenia
[~ Cee d'Ivoire Kz Kazakhstan SK Slovakia
o™ Camercon u Liechtenstein SN Seoegal
CN Cins IX Set Lagka ™ Chad
c Caechoslovakia 0 Laxembearg 6 Togo
CZ  Coxch Republic LV  Lavia ] Tajikiotas
DE Gamany MC Moosco by y ‘Trinidad and Tobego
PE Denmark MD Republic of Moldova UA Ukmioe
ES Spain MG Madagascer - us Ugited States of Americs
n Finland ML Mali vz Usbekistsa
m France MN Moogolia VN Viet Nam
GA Gaboa




