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[57] ABSTRACT

The rack comprises a plurality of hollow, sheet metal
shelves supported in spaced, horizontal planes by four
tubular corner posts. Two rows of animal cages of gen-
erally box-like configuration are removably suspended
beneath each shelf, with the upper, open end of each
cage disposed in near sealing engagement with the un-
derside of the shelf from which it is suspended. Each
shelf is divided into three compartments which extend
between opposite ends of the rack. The middle com-
partment of each shelf overlies adjacent portions of the
cages in each of the two rows suspended therebeneath,
and has in its bottom a plurality of spaced openings so
that each cage is in communication at its upper end with
the middle compartment. The two outer compartments
of each shelf overlie, respectively, the remaining por-
tions of the cages in the two rows thereof, and also have
in their lower sides spaced openings which communi-
cate with the interiors of the cages positioned therebe-
neath. Filtered air from a supply plenum on top of the
rack 1s blown by a recirculating fan downwardly
through the posts at one end of the rack, through tubu-
lar fittings into the outer compartments of the shelves,
and through the openings in the bottoms of these com-
partments into the cages therebeneath. The center com-
partment of each shelf 1s connected through the posts at
the opposite end of the rack to the inlet of the fan, so
that air fed to the cages is exhausted through the bot-
toms of the center compartments, and is passed by the
fan through filters on top of the rack and back to the
supply plenum for recirculation through the cages.

19 Claims, 6 Drawing Figures
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AIR CONDITIONED LABORATORY RACK FOR
ANIMAL CAGES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

This invention relates to animal cages or housings,
more particularly to an improved rack or stand which is

particularly suited for housing or caging a plurality of

animals 1n laboratory surroundings, or the like.

There are currently available several varieties of
amimal cages which are employed for housing small
animals that are to be used in laboratories for experni-
mental work, and the like. Certain cages of the vanety
that are adapted to be suspended usually are made with
open tops, wire fronts and bottoms, and metal backs and
sides. These cages are usually suspended In a room
which is ventilated so that the animals in the cages draw
air from the room, and exhaust gases into the room.
Droplets, waste particles and gases are free to pass
between the cages, the animals, and the (human) staff.

A primary disadvantage of this caging system is that
there 1s no physical barrier between the cages to pre-
vent transfer of waste and gases therebetween; and
moreover, the room itself is suitable for use only as long
as the ventilation apparatus functions properly. Usual
ventilation recommended for this system produces fif-
teen to eighteen room changes per hour, which 1s ap-
proximately four to five times as rapid as that which
occurs 1In an average office. Minimum air moved
through the room per single cage is normally two to
three cubic feet per minute (cfm) with this system.

In the case of another type of caging system a so-
called shoe-box type of cage comprises a plastic box
mounted on a steel shelf or base. Each box has a wire lid
of stainless steel. Several such boxes are mounted in a
room which, as in the case of the suspended-type cage,
must be ventilated carefully, and as a consequence has
disadvantages similar to the suspended-type cage sys-
tem. Although it is possible to interpose a filter between
the cage and its wire lid, the filter caps restrict ventila-
tion in the cage, the interior of which therefore tends to
become undesirably warm and humid. As in the case of
the suspended cages, air movement relative to each
cage of the shoe-box variety normally is in the vicinity
of two to three cfm. Although larger droplets and parti-
cles are prevented from leaving and/or entering a par-
ticular cage, there nevertheless 1s, as a practical matter,
no physical barrier between the cages.

Efforts have been made to improve on these basic
cages by utilizing a large air blower, which is housed in
a mobile, free-standing unit that is adapted to be fas-
tened to the side of a traditional rack of the type from
which a series of cages are suspended, or upon which
such cages are mounted. A filter can be employed in
conjunction with the blower to provide a laminar flow
of filtered air across and through a cage rack from side
to side, or rear to front of the cages. The disadvantage
of this unit is that the amount of square footage of floor
space required per cage s increased by fifty percent.
Moreover, the cages interrupt the laminar flow of air
and cause eddies in the air currents that carry particles
between cages, the animals therein, and the working
staff. Again, there i1s no physical boundary between
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cages. Moreover, the used air spills into the room and 1s
sucked back into the laminar flow apparatus.

It 1s an object of this invention to provide an im-
proved caging system of the type described which will
provide a separate or isolated air flow path for each
animal cage in the system.

Another object of this invention 1s to provide an
improved caging system of the type described 1n which
there is a careful balance or control between the ratio of
intake and exhaust air circulated through the cages of
the system.

Still another object of this invention is to provide an
improved caging system of the type described in which
filtered air is circulated in closed paths between an air
supply plenum, and an exhaust plenum which communi-
cates through a filter system with the air supply plenum.

Another object of this invention ts to provide an
improved caging system of the type described which is
extremely compact and efficient as compared to prior
such systems.

An additional object of this invention is to provide an
improved animal caging system of the type described
which isolates or separates each animal in the system
one from the other, and conserves or minimizes the
utility costs and the floor space required for the system.

It 1s an object also for this invention to provide a
novel storage rack for housing a plurality of animal
cages in a self-contained, air-conditioned ambient, so
that each cage receives a balanced supply of fresh or
filtered air from a source which is substantially isolated
from the air in the room 1n which the rack is located.

A further object of this invention is to provide a
nove] storage rack of the type described which 1s
sturdy, mobile, and relatively inexpensive to manufac-
ture.

Other objects of the invention will be apparent here-
inafter from the specification and from the recital of the
appended claims, particularly when read in conjunction
with the accompanying drawings.

In the drawings:

FIG. 11s a plan view of a mobile animal caging rack
made according to one embodiment of this invention;

FIG. 2 1s a front elevational view of this rack, with
certain of the cages shown in phantom by broken lines;

FIG. 3 is an end elevational view of this rack, as seen
when looking toward the left end of the rack as shown
in FIG. 2;

FI1G. 4 is an enlarged, fragmentary front elevational
view similar to FIG. 2 but showing in greater detail a
pair of adjacent cages as they appear when suspended in
the rack, portions of each cage being broken away and
itllustrated in section;

FIG. 5 its a greatly enlarged, fragmentary sectional
view taken along the line 5—3§ in FIG. 3 looking 1n the
direction of the arrows; and

FIG. 6 is a fragmentary end elevational view similar
to FIG. 3, but on a greatly enlarged scale, and with
portions of the rack broken away and shown 1n section
for purposes of illustration.

Referring now to the drawings by numerals of refer-
ence, and first to FIGS. 1 to 3, 10 denotes generally a
mobile animal caging rack which is generally rectangu-
lar in configuration, and which comprises four, rectan-
gular tubular corner posts 12, 13, 14 and 15. Each of
these posts has on its lower end a conventional caster 18
which enables the rack 10 to be moved with ease about
the floor of a laboratory or the like. Supported between
these posts in equi-spaced horizontal planes are six
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shelves 21, 22, 23, 24, 25 and 26. At least shelves 21-25
are hollow; and as noted in greater detail hereinafter,
the two posts 13 and 15 at one end of the rack, together
with adjacent ducts 33 and 35, are designed to convey
fresh or filtered air to the hollow shelves 21 through 25,
while the two posts 12 and 13 of the opposite end of the
rack, as supplemented by ducts 32 and 34, are designed
to function as exhaust ducts which withdraw air from
the shelves for recirculation through a filter system
described hereinafter.

Better to control the flow of air through the shelves
21 to 25, the additional ducts 32, 33, 34 and 35, which
also are rectangular in cross section, are mounted at
each of the four corners of the rack in side by side rela-
tion to the upper ends of the posts 12, 13, 14 and 15,
respectively. Each of these supplemental ducts 32-35 1s
connected, as noted hereinafter, only to the three upper-
most shelves 21, 22 and 23 in the rack, and therefore
each extends from the upper end of its associated corner
post 12, 13, 14 or 15 downwardly to a point adjacent 1o
the third shelf 23, where it is terminated as noted herein-
after.

10

15

20

Each of the ducts 12, 14, 32 and 34 communicates at

its upper end with the interior of a large, generally
rectangular exhaust plenum 41 (FIGS. 1 and 2) which
extends transversely across the top of rack 10, and in
overlapping relation to a portion of the shelf 21. The
interior of plenum 41 communicates with the inlet of an
exhaust blower 42, which 1s mounted adjacent the ple-
num in a housing 43. As shown by the arrows and bro-
ken lines in FIGS. 1 and 2, the air from plenum 41 enters
the inlet to blower 42, and is discharged through an
adjustable damper 44 onto a filter inlet plenum 45. The
damper 44 is mounted in housing 43 for adjustment
transversely of the outlet of blower 42, 50 as to enable
one to control the rate of discharge of air into the filter
inlet plenum. Plenum 45 may also have in its end remote
from the blower 42 an opening over which a manually
operable damper 47 can be mounted in conjunction
with a conventional couping member (not illustrated),
sO as to enable fresh air, or air from another source, to
be admitted through the damper 47 to plenum 45, 1If 1t
desired to supplement the air discharged from blower
42.

The inlet plenum 45 exhausts into one end of an elon-
gate filter housing 51, which is divided into four succes-
sive filter sections denoted schematically in FIGS. 1
and 2 by the numerals 52, 53, 54 and 55. The first section
52 contains a plurality of layers of filter material of
progressively increasing density, so as to remove hair,
dust and small particles from the air that travels through
the filter. The second section 53 contains, for example,
a pleated 98% filter; section 54 may contain a mem-
brane filter; and the final section may contain a column
of charcoal to remove any gaseous impurities remaining
in the air. After passing through the filter housing 51 the
air enters a plenum 56, which communicates with the
intake side of a further blower 57 which is mounted In
a housing 58 adjacent the right end (FIG. 1) of rack 10.
The exhaust side of the blower 358 communicates
through an adjustable damper 59 with a filtered air
supply plenum 61, which extends transversely between
the sides of rack 10, and across the upper ends of the
supply ducts 13, 15, 33 and 35.

In FIGS. 1 to 3, numerals 63 and 64 denote conven-
tional pressure gages which are connected to the interi-
ors of plenums 41 and 61, respectively, t0 monitor the
pressure of the air therein.
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Secured to the underside of each shelf 21, 22, 23, 24
and 25 1s a plurality of spaced parallel cage supporting
brackets 65, which extend transversely between oppo-
site sides of the rack 10. As shown more clearly in FIG.
4, each bracket 65 1s generally inverted. T-shaped in
cross section, whereby an elongate, laterally projecting
lip or flange portions 66 is formed along each longitudi-
nal side edge thereof in spaced relation to the underside
of the associated shelf 21, 22, 23, 24 or 25. Removably
supported from the underside of each of the shelves 21
to 25 by the brackets 65 is a plurality of identically
shaped animal cages 68, some of which are shown by
phantom in broken lines in FIG. 2. As shown more
clearly in FIG. 4, each cage 68 is in the form of a rectan-
gular, transparent, plastic container having an open
upper end surrounded by a laterally projecting, periph-
eral flange 69. Opposed portions of each flange 69 are
shidable in the narrow spaces formed between the un-
derside of a shelf (see shelf 25 in FIG. 4) and the con-
fronting edges of the flanges 66 of adjacent brackets 65,
whereby each cage 68 1s supported by an associated pair
of brackets 65 slightly beneath the underside of the shelf
from which it i1s suspended. Consequently, an almost
negligable air gap or space exists between the underside
of the associated shelf and the upper, open end of the
cage, as denoted by the numeral 70 in FIGS. 4 and 6.
Also, as shown more clearly in FIG. 3, each cage 68 1s
slightly less in length than one half the width of the rack
10, so that two cages 68 can be supported between an
adjacent pair of brackets 65, each cage being insertable
into, or removable from, either side of the rack.

Referring now to FIGS. 4 to 6, each shelf 21-26
comprises two vertically spaced rectangular sheets 72
and 73 of stainless steel, each of which is approximately
1/16" thick (for example sixteen gage). Each of the
hollow shelves 21-25 is sealed around 1ts edges by a
vertically disposed, elongate strip portion 74 of staimnless
steel, or the like. One of the sheets 72 or 73 for a given
shelf may be larger than the other, and may have a
marginal portion around its edge folded downwardly or
upwardly, at right angles to the major portion of the
sheet in order to form the upstanding, vertical strip
portion 74 which is necessary for sealing the spaced
sheets around their edges. The edge of this marginal
portion 74 is folded over and crimped into engagement
with the registering peripheral edges of the associated
shelving sheet 72 or 73. This crimping operation can be
performed in 2 manner similar to that in which overlap-
ping edges of sheetmetal ductwork, or the like, are
folded and crimped to one another to form an air-tight
seal between the joined sheets. Alternatively, of course,
the strips 74 could be separate members with their edges
crimped to the registering edges of the associated shelv-
ing sheet 72 and 73.

It is to be understood that shelf 26 may be fabricated
in a similar manner if it 1s desired, otherwise it may be of
any design which will lend support to the rack.

Each of the hollow shelves 21 through 25 i1s sup-
ported in vertically spaced, parallel relation by a plural-
ity of tubular fittings, certain of which project from the
posts 13 to 15, and others of which project from ducts
32-35. The same tubular fittings, as noted hereinafter,
are utilized to convey air to and from the hollow
shelves.

For example, secured to the confronting surfaces of
the posts 12 and 13 in vertically spaced, laterally regis-
tering relation, are a plurality of rectangular, tubular
fittings 81 (FIGS. 5 and 6). Each fitting 81 on post 13 is
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welded at its inner end to the face of the post 13 which
faces the post 12. Moreover the fittings 81 on post 13 are
equispaced from one another a distance equal to the
space between adjacent shelves 21-25. Each fitting 81
on the post 13 projects into the space formed between
the two metal sheets 72 and 73 of a respective shelf, and
In this respect forms a rigid support for the associated
shelf at one corner thereof. Likewise the fittings 81,
which are secured to the confronting surface of the post
12, are welded at their inner ends to the post 12, and
project at their outer ends into the space between the
sheets 72, 73 of a respective shelf 21, 22, 23, 24 or 25,
and 1n opposed registry with the associated fitting 81 on
post 13.

In a like manner, another set of rectangular, tubular
fittings 82, which are similar in configuration to the
fittings 81, are welded at their inner ends to the con-
fronting surfaces on the rear posts 14 and 15 of the rack
10, and project at their outer ends into the interiors of
the shelves 21 through 2§, and in registering relation to
each other as 1n the case of the fittings 81. As a conse-
guence, each shelf 21 through 25 is supported at the
corners of i1ts forward edge by a pair of fittings 81, and
at the corners of its rear edge by a pair of the fittings 82.

The fittings 81 and 82 are also designed to assist in
supplying fresh air from the posts 13 and 15 to the
spaces between the two lowermost shelves 24 and 28.
For example, the fittings 81, which projects from post
13 1into the space between the sheets 72 and 73 of shelf
24, has its bore in registry with a circular opening 13
(FIG. 6), which is formed in the wall of the post to
which this particular fitting is welded. Likewise, the
next-lower fitting 81 on the post 13, which projects into
shelf 23, also registers with another opening 13’ (not
illustrated) in post 13, so that air from the post 13 can be
supplied through the openings 13’ and the associated
fittings 81 into the interiors of the shelves 24 and 25.
Similarly, the fittings 82 which project into the interiors
of the shelves 24 and 25, register also with openings 15’
(only one of which is illustrated in FIG. 6) in the post
15, so that air can be fed from the post 15 into each of
the shelves 24 and 2S.

Air from the posts 13 and 15 is also fed to the interiors
of shelves 24 and 25 through two additional sets of
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rectangular, tubular fittings 83 and 84, which extend at 45

right angles to fittings 81 and 82, and which are welded
at their mner ends over openings 85 and 86, respec-
tively, that are formed in the confronting walls of the
posts 13 and 135, respectively. The fittings 84 and 85 for
a respective shelf 24 or 25 have their axial center lines
disposed in the same horizontal plane as the correspond-
ing shelf fittings 81 and 82; and the opposed sheets 72
and 73 of each shelf 24 or 25 are also folded over, or
formed around, the fittings 83 and 84 in a manner similar
to that in which they are formed around the fittings 81
and 82. Consequently the fittings 83 and 84 also help to
support the shelves 24 and 2§ in their respective hori-
zontal positions on rack 10.

The three uppermost shelves 21, 22, and 23 do not
receive fresh air from the posts 13 and 15, but from the
additional or supplemental ducts 33 and 35. The lower,
terminal ends of these ducts 33 and 35 are blocked or
closed, as for example by a portion 73’ (FIG. 6) of the
lower, metal sheet 73, which forms part of the shelf 23.
It should be noted also that the fittings 81 and 82, which
project from the posts 13 and 15 at the levels of the
shelves 23, 22 and 21, are not in communication with
the interior of the posts 13 and 15, so that any fresh or
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filtered air that 1s fed downwardly through the posts 13
and 15 1s not discharged until it reaches one of the open-
ings 13° or 15/, respectively, which register with the two
lowermost shelves 24 and 25. On the other hand, air
entering the upper end of supplemental duct 33 is fed to
the interiors of the shelves 21, 22 and 23, through three,
vertically-spaced, circular openings 91 (FIGS. 5 and 6),
which are formed 1n one wall of the duct 33 to register
with the interiors of shelves 21, 22, and 23, respectively.
(Only two such openings are illustrated in FIG. 6.)
Likewise, portions of the air entering the supplemental
duct 35 are fed through circular openings 92 that are
formed in one wall of this duct in communication with
the interiors of shelves 21, 22 and 23, respectively.

Additional air is supplied ot these uppermost shelves
by two sets of rectangular, tubular fittings 94 and 95
(FIGS. § and 6), which are welded at their inner ends to
the confronting surfaces of the supplemental ducts 33
and 35 at vertically spaced points therealong to project
into the interiors of the shelves 21, 22 and 23 at right
angles to fittings 81. Each fitting 94 registers at its inner
end with a circular opening 96, which is formed in the
wall of the duct 33 to connect the interiors of shelves
21-23 to the air supply in duct 35. It will be understood
that similar such circular openings (not illustrated) are
formed at vertically spaced points along the confront-
ing wall of the duct 3§, and in communication with the
bores in the fittings 95 so that air is also supplied
through these fittings to shelves 21-23. As in the case of
the tubular fittings 81 and 83, the fittings 94 and 95 also
serve to support their associated shelves 21, 22 and 23
against vertical movement on the stand 10.

Each of the shelves 21 to 25 1s divided into three,
longitudinally extending chambers or compartments by
means of a pair of elongate, spring steel strips or divid-
ers 101 (FIGS. § and 6), which are mounted between
the two sheets 72, 73 of each shelf to extend between the
ends of the shelf in spaced, parallel relation to each
other. The two dividers 101 in each shelf register, re-
spectively, with a pair of spaced, vertical planes, which
extend through the center lines of two rows of cages 68
which are supported beneath each shelf. Hereinafter the
chamber formed between the two dividers 101 of a
given shelf will be referred to as the central, or exhaust
chamber for the shelf, while the two outermost cham-
bers or compartments which lie outwardly of the divid-
ers 101 will be referred to as the air supply chambers for
the shelf.

Each of the lower sheets 73, which form the bottoms
of shelves 21 through 28§, has therein a plurahity of small
circular openings or apertures 102, certain of which
communicate with the air supply chambers of a respec-
tive shelf, and the others of which communicate with
the exhaust chamber of the shelf. (See for example
FIGS. § and 6) Consequently, air which is admitted
form the members 13, 15§, 33 and 35 to the two air sup-
ply chambers of a respective shelf, passes downwardly
and into the interiors of the cages 68, which are sup-
ported therebeneath, and then passes upwardly out of
the cages and through other openings 102 in the sheets
73 into the associated exhaust chambers formed in the
shelves between the dividers 101. (See the arrows in
FIG. 6).

In order to exhaust the air from the shelf exhaust
chambers, a plurality of elongate, rectangular, tubular
exhaust ducts 104 and 105 (FIGS. 1 and 6) are welded at
one end over registering openings in the confronting
surfaces of the ducts 32 and 34, and project at their
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opposite ends into the spaces in the three uppermost
shelves 21, 22 and 23, and beyond the dividers 101, so
that the inner ends of each pair of ducts 104, 105 com-
municate with the exhaust chamber of a respective
shelf. As a consequence, any foul air which has circu-
lated through the cages 68 and back into the associated
exhaust chamber of a respective shelf 21, 22 or 23, will
travel the length of the shelf and enter the inner ends of
the associated exhaust members 104 and 105, opposite
ends of which members are in communication with the
interiors of the vertical exhaust ducts 32 and 34. Conse-
quently, this air is exhausted through the ducts 32 and
34 to the exhaust plenum 41 as described above.

The two lowermost shelves 24 and 25 also have their
respective exhaust chambers between their dividers 101
placed in communication with rectangular, tubular fit-
tings or exhaust members 104’ and 105’ (FI1G. 6), the
inner ends of which communicate with the exhaust
chambers, and the outer or opposite ends of which are
welded to the confronting surfaces of the posts 12 and
14, and in communication with the interiors thereof, so
that exhaust air from the shelves 24 and 25 is returned
through the posts 12 and 14 to the exhaust plenum 41.

From the foregoing, it will be apparent that each of
the shelves 21 through 25 can be rather inexpensively
manufactured from relatively thin sheetmetal to form
generally rectangular, hollow shelves, the marginal
edges of which are secured together simply by crimp-
ing, or the like. Structural rigidity is afforded through
the use of the tubular fittings 81, 82, 83, 84, 94, 95, 104
and 105, 104’ and 105’, which are welded at their inner
ends to the associated posts or duct members, and
which project at their opposite ends into the interiors of
the associated shelves to assist in supporting the shelves
against vertical movement. This structure also has the
advantage that the tubular members can be utilized for
conveying, continuously, a stream of fresh air from the
fresh air plenum 61 to the interiors of the numerous
shelves, after which the air is caused to pass down-
wardly through the cages which are suspended there-
from, and then upwardly into the associated exhaust
chambers for return through the filter system which is
mounted in housing 51 on top of the rack 10. By care-
fully selecting the sizes of the apertures through which
the air passes as it is supplied to the various shelves, and
from there to the filtering unit, it is possible to provide
a near steady-flow condition, so that no one cage 68,
regardless of where it is mounted on the stand 10, will
receive any more or less air than any other cage. By
using the brackets 65 in combination with the type of
cage 68 which has a flange 69 around its upper end, it 1s
possible to provide a relatively snug seal between the
upper, open end of each cage and the associated shelf
bottom, so that fresh air supplied to a cage will not be
exhausted to the atmosphere through leakage in or
around the cage. Each cage is therefore isolated from
the other to prevent any cross contamination. In addi-
tion, a balanced or controlled ratio of intake to exhaust
air can be readily effected through the use of the air
dampers associated with the filter system that 1s located
on the top of stand 10.

Not only does this system enable ventilation of each
cage without requiring ventilation of the associated
room in which the rack 10 is located, but also the rack
provides a physical barrier between cages or racks
within a given room, and prevents transfer of droplets,
particles or gases from cage to cage or between staff
and animals. The rack also makes maximum utilization

10

15

20

23

30

35

45

50

535

65

8

of the floor space, and requires a minimum of weight
and bulk, so that the rack itself can be moved about on
its casters very readily. The associated filtering system
utilizes conventional components which can be readily
cleaned or replaced, if necessary; and the rack itself is
very compatible for supporting either special or con-
ventional box-shaped housings, door opening and other
animal facilities of known utility.

While brackets 65 have been described as being
straight members extending between opposite sides of
the rack, each could be formed in a generally “U”
shaped configuration so that each cage would be sup-
ported in its own receptable and could not be with-
drawn from either side of the rack. Also in such case
each side of each cage will be engaged along three of 1ts
four edges, thus reducing even further any air leakage
which might occur between each cage and its associ-
ated mounting brackets 65.

Also, while 1t has been suggested that sheets 72 and
73 of each shelf be joined by crimping, it will be readily
apparent that the two sheets of each shelf could be
welded together, or if material other than metal is em-
ployed, could be glued together to form therein the
sealed spaces for conveying air to and from the cages.

It will be equally apparent, that in the use of certain
embodiments, as where the weight of the filled cages 1s
not excessive, it will be possible to eliminate the sup-
porting fittings 81, 82, 93, 94, 104, 1035, and instead weld
or otherwise secure the corners of the several shelves
21-26 directly to the tubular legs 12-15. Moreover, in
certain cases, these legs can be made of larger cross
section diameters, thereby increasing the cross-sectional
areas of their bores, and thus obviating the need to
employ the supplemental duct members 32-35 on the
upper ends of legs 12-15.

While it has been suggested that the opening con-
trolled by damper 47 can be used to admit fresh air to
supplement the air recirculated through blower 42, 1t
will be appreciated that this opening could be con-
nected to a central air supply, which would then supple-
ment the exhaust from blower 42. Also, 1f desired, the
plenum 45 and housing 52 could be separated into two,
longitudinally-extending sections, one of which would
convey recirculated air through the housing 52 to the
above-noted central air supply, and the other of which
would communicate thorugh the opening controlled by
damper 47 with the central air supply to receive fresh,
conditioned air therefrom, and to dehiver this air
through the filters in housing 52 to blower 57.

Moreover, although this invention has been described
and illustrated in detail in connection with only certain
embodiments thereof, it will be understood that it is
capable of still further modification, and that this appli-
cation is intended to cover any such modifications as
may fall within the scope of one skilled in the art or the
appended claims.

Having thus described my invention, what I claim 1s:

1. A storage rack for animal cages, comprising

a frame including a plurality of spaced, hollow, up-
standing legs,

a plurality of generally flat, hollow shelves supported
on said legs in vertically spaced relation, each of
said shelves having its interior divided into at least
two separate chambers,

a plurality of additional ducts alongside said legs,

an air filtration system connected to said rack and
having an outlet connected through certain of said
hollow legs and said additional ducts, with the inte-
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rior of one chamber in each of said shelves, and
having an tnlet connected through others of said
hollow legs and said additioan! ducts with the inte-
rior of the other chamber in each of said shelves,
shelves toward an upper end of said frame being con- 5
nected to said filtration system by certain of said legs
and said additional ducts, and others of said shelves
adjacent the lower end of said frame being connected
to said filtration system by said legs and
means for releasably supporting a plurality of animal 10
cages on each of said shelves, each of said cages
having only one open end, and said open end of
each cage communicating through a first plurality
of spaced openings in the associated shelf with said
one chamber therein, and communicating through 15
a second plurality of spaced openings in the associ-
ated shelf with said other chamber therein,
whereby filtered air from said [inlet] outler is
circulated successively through said one chambers,
sald cages and said other chambers back to the inlet 20
of said system.
2. A storage rack as defined in claim 1, wherein
said first and second pluralities of openings are in the
undersides of said shelves,
each of said cages has a lateral flange around its open 25
end, and
said supporting means comprises a plurality of pairs
of spaced brackets secured to the underside of each
of said shelves, each pair of said brackets being
releasably engageable with the flange on the open 30
end of the cage releasably to support the open end
of the cage against the underside of a shelf with the
opening in the cage communicating with certain of
both said first and second pluralities of openings in
the last-named shelf. 35
3. A storage rack as defined in claim 1, wherein each
of said shelves is made from a sheet metal material, and
i1s supported on said legs by a plurality of rigid, tubular
elements, each of which is fixed at one end to one of said
legs, and projects at its opposite end into the interior of 40
the associated shelf.
4. A storage rack as defined in claim 3, wherein
certain of said tubular elements open at one end on
sald one chambers in said shelves and at their oppo-
site ends on the interiors of said certain legs thereby 45
to place said one chambers in communication with
the outlet of said filtration system, and
other of said tubular elements open at one end on said
other chambers in said shelves and at their opposite
ends on the interiors of said other legs thereby to 50
place said other chambers in communication with
the inlet to said filtration system.
LS. A storage rack as defined in claim 1, wherein
there are two sets of said upstanding legs, and
certain of said shelves adjacent the upper end of said 55
frame are connected to said filtration system by one
set of said legs, and others of said shelves adjacent
the lower end of said frame are connected to said
system by the other set of legs.}
6. A storage rack as defined in claim [5] /, wherein 60
said supporting means includes means for supporting
sald cages in two, spaced, parallel rows from the
underside of each shelf, with the cages in each row
being insertable into, or withdrawable from, either
side of said frame, and 65
said first and second sets of openings being formed in
the undersides of said shelves so that the open end
of each cage supported from a shelf will register
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with certain each of said first and second pluralities
of openings in the associated shelf.
7. A storage rack as defined in claim 1, wherein said

filtration system comprises a

a plurality of filter units mounted in a filter plenum on
said frame, and

at least one fan mounted on said frame in communica-
tion with said filter units and said shelves, respec-
tively, and operative, when operating, to circulate
exhaust air from said other chambers and succes-
sively through said filter units to said one cham-
bers. '

8. A storage rack as defined in claim 7, wherein

a second fan is mounted on said frame in spaced rela-
tion to the first-named fan,

an exhaust plenum 1s mounted on said frame in com-
munication with said other chambers and the inlet
to said second fan,

a filtered air plenum is mounted on said frame in
communication with the outlet of said first-named
fan and with said one chambers, and

said filter plenum is connected at one end to the outlet
of said second fan and to the inlet of said first-
named fan, whereby air from said exhaust plenum
passes successively through said filter units to said
first-named fan, when said fans are operating.

9. A storage rack as defined in claim 8, including

means for selectively admitting fresh, ambient air to said
filter plenum between said second fan and said filter
units.

10. A storage rack for animal cages, comprising:

a frame having thereon a plurality of generally flat,
hollow, vertically-spaced shelves,

a plurality of animal cages releasably suspended from
the undersides of said shelves,

each of said cages being closed except at its upper
end, having its upper, and open end disposed in
closely-spaced relation to the underside of the shelf
from which it is suspended, whereby a relatively
snug seal is formed between the upper end of each
cage [is substantially closed by the confronting
underside of a] and the bottom of the associated
shelf,

each of [siad] said shelves having a plurality of sets

- of spaced openings in the underside thereof, and
each of said cages having its upper, open end regis-
tering with a set of said openings in a shelf when
suspended therefrom,

means in each shelf operatively separating certain of said
openings in each of said sets from the remaining open-
ings in the set,

means for supplying fresh air through said shelves to
L at least] said certain [of said] openings in each
set thereof for delivery through said certain openings
to [a respective] said [cage] cages, and

means [connecting the]} including an exhaust fan
connected to said remaining openings of each set
thereof [to an exhaust fan] and operable to with-
draw air from each cage supported on said frame,
filter means interposed between said exhaust fan and
said supplying means and operative to filter and re-
turn to said supplying means at least part of the air
withdrawn from said cages, whereby each cage on
said frame is air-conditioned, and at the same time
has its interior physically isolated from the interiors
of the other cages on the frame, and from the ambi-
ent air surrounding said frame[.],
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said frame including a plurality of spaced, hollow legs
and additional ducts operatively connected lo said
shelves 1o support the latter in a vertically-spaced
relation,

a first plurality of rigid, tubular elements, fixed at one
end lo certain of said legs and said additional ducts
and projecting at their opposite ends into said shelves
adjacent one end of said frame,

said first plurality of elements communicating at said
one ends thereof through said certain legs and said
additional ducts with said fresh air supply means, and
at their opposite ends with said certain openings in
said shelves,

said second plurality of elements communicating at said
one ends thereof through the other of said legs and
said additional ducts with said fan, and at their oppo-
site ends with said remaining openings in said shelves,

said certain legs being a set of hollow legs located adja-
cent said one end of said frame and said additional
ducts being located adjacent said hollow legs, one of
said sets of legs and said additional ducts being con-
nected by certain of said first plurality of elements to
certain only of said shelves, and the other of said sets
of legs and ducts being connected by the others of said
first plurality of elements to the remaining shelves, a
lowest shelf being connected to the legs.

11. A storage rack as defined in claim 10, including

a plurality of elongate cage supporting members se-
cured to the undersides of each of said shelves In
equi-spaced, parallel relation, and with the space
berween each adjacent pair of said members register-
ing with one of said sets of openings, each of said
members being of a generally inverted T-shape
configuration in cross section, and having on oppo-
site sides thereof longitudinally extending flanges
disposed in spaced relation to the underside of the
associated shelf, and

each of said cages having a lateral flange around its
open end slidable between an adjacent pair of said
members to have the flange on the cage supported
between the underside of a shelf and the confront-
ing side of flanges on said pair of members.

[12. A storage rack as defined in claim 10, wherein

said frame includes a plurality of spaced, hollow legs
operatively connected to said shelves to support
the latter in vertically-spaced relation,

a first plurality of rigid, tubular elements are fixed at
one end to certain of said legs and project at their
opposite ends into said shelves adjacent one end of
said frame,

a second plurality of rigid, tubular elements are fixed
at one end to the other of said legs and project into
said shelves adjacent the opposite end of said
frame,

said first plurality of elements communicate at said
one ends thereof through said certain legs with said

fresh air supply means, and at their opposite ends ¢Q

with said certain openings in said shelves, and
said second plurality of elements communicate at said
one ends thereof through said other legs with said
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fan, and at their opposite ends with said remaining
openings in said shelves. ]

[13. A storage rack as defined in claim 12, wherein

said certain legs include two sets of hollow legs lo-

cated adjacent said one end of said frame, one of
said sets of legs being connected by certain of said
first plurality of elements to certain only of said
shelves, and the other of said sets of legs being
connected by the others of said first plurality of
elements to the remaining shelves.]

14. A storage rack as defined in claim [12] !0,
wherein

said exhaust fan is mounted on said frame with i1ts

inlet side connected to said other legs,

said fresh air supplying means comprises a second fan

mounted on said frame with its outlet side con-
nected to said certain legs, and said filter means
comprises

a filter plenum containing a plurality of air filters

[is] and interposed between the outlet of said
exhaust fan and the inlet of said second fan to con-
vey air from said exhaust fan and through said
filters to the inlet of said second fan, whereby
freshly filtered air is conveyed to said certain legs.

15. A storage rack as defined in claim 10, including
damper means connected to said filter means and operable
selectively to admit fresh air to said filter means to supple-
ment said part of the air that is filtered and returned to
said supplying means.

16. A storage rack as defined in claim 10, wherein said
separating means comprises means dividing the interior of
each of said shelves into at least two chambers, one of which
communicates with said certain openings in the associated
shelf, and the other of which communicates with said other
openings in the associated shelf, and said frame including
a plurality of tubular legs secured to and supporting said
shelves in spaced relation, certain of said legs being opera-
tive to convey fresh air from said supplying means to said
one chambers, and others of said legs being operative o
convey exhaust air from said other chambers to said ex-
haust fan.

17 A storage rack as defined in claim 10, wherein said
fresh air supplying means comprises a fresh air plenum on
said rack connected at one side to the output of said filter
means to receive filtered air therefrom, and connects at its
opposite side to said certain openings in said shelves to
supply filtered air thereto, an exhaust plenum on said rack
is connected at one side to the input of said exhaust fan and
at its opposite side to said other opening in said shelves to

S0 draw exhaust air therefrom for delivery to said exhaust
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fan, and said filter means is interposed between the oulput

of said fan and the input to said fresh air plenum, whereby
air circulates in a closed system through said cages.

18. A storage rack as defined in claim 17, including
adjustable means interposed between said plenums and
operable to control the rate of flow of air through said
cages.

19. A storage rack as defined in claim 17, including
adjustable means interposed between said plenums and
operable selectively to supplement, from a source exterior to
said closed system, the filtered air supplied from said filter

means to said fresh air plenum.
* % * * *
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