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[57] ABSTRACT

An improved device for providing EMI/RFI shielding
for a joint is disclosed comprising a compressible, resil-
ient sealing element and a conductive shielding element
bonded to the sealing element and positioned such that
the shielding element provides a direct electrical
contact across the joint. The disclosed invention further
provides a cabinet which effectively utilizes such a
device. The disclosed invention also inciudes an im-
proved cabinet construction which minimizes the paths
by which moisture and debris may enter the cabinet
interior, while providing a cabinet which is transport-
able without violating the integrity of the cabinet struc-
ture,

10 Clgims, 4 Drawing Sheets
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ENCLOSURE FOR HOUSING ELECTRONIC
COMPONENTS

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.

TECHNICAL FIELD

The present invention relates generally to cabinets,
and more particularly to a cabinet for housing elec-
tronic components and the like which provides im-
proved EMI/RFI shielding.

BACKGROUND OF THE INVENTION

In operation, computers, radios, transmitters and
other electronic systems generate electrical signals in
the form of radio frequency waves or electromagnetic
radiation or both. If not properly shielded, these signals
can interfere with the operation of unrelated equipment.
Radio frequency interference (“RFI”) is interference
from sources of energy outside a system. Electromag-
netic interference (“EMI") is interference, generally at
radio frequencies, generated within the system. To pre-
vent EMI/RFI interference, governmental regulations
and industry standards require that the sources of radio
frequency or electromagnetic radiation within a system
be shielded.

At the same time, sensitive electronic components
must also be protected from more tangible forms of
disruption. Other sources of disruption to the operation
of electronics systems are moisture and foreign parti-
cles, such as dust. The presence of either of these envi-
ronmental hazards can corrode or otherwise debilitate
electrical contacts.

One method of protecting such systems from
EMI/RFI interferences and exposure to moisture and
dust is to place the equipment in a shielded cabinet. To
provide adequate protection, the cabinet is preferably
designed to eliminate grooves, crevices, and other
openings which allow passage of RF waves and which
accumulate and channel moisture and debris into the
interior of the cabinet. The top of a cabinet is a notori-
ous size for the accumulation of moisture and debris
which subsequently tend to find their way into the cabi-
net. Conventional cabinets generally utilize a top con-
struction having a top panel secured between the frame
members of the cabinet. This provides a uniform flat
surface across the top of the cabinet. Unfortunately, this
Jjuncture between the top panel and the frame members
also provides a channel that is difficult to seal and does
not inherently inhibit the passage of RFF waves, mois-
ture or debris. An example of such a cabinet construc-
tion 1s found in U.S. Pat. No. 4,768,845,

There exists a further problem with respect to trans-
porting these cabinets. Most cabinets are designed to
remain in one location and are not designed with ease of
transportation in mind. In order to transport a cabinet, it
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is often necessary to place straps or other securing de- 60

vices around the cabinet structure. Other methods in-
clude inserting eyelets through the panels and frame
members. The first technique has the disadvantage of
placing stress on the cabinet which it may be ill-
designed to resist. The second technique has the disad-
vantage of violating the mtegnty of the structure, thus
providing openings which can permit EMI/RFI waves
to pass and which can admit dust and moisture into the
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cabinet. Therefore, there exists a need for a cabinet
which minimizes the passage of RF waves, moisture
and debris, and which may be easily transported with-
out stressing or violating the cabinet structure.

Another problem inherent in the design of cabinets
concerns junctures or joints between components
which form the cabinet. Such joints may be found be-
tween the cabinet frame and a door, or between the
frame and panels connected to the frame. Solid metal
cabinet components provide EMI/RFI shielding and
protect against the intrusion of moisture and debris.
However, each juncture between these components
provides openings through which RF waves, moisture
and debris may pass.

Several attempts have been made to provide a gasket
for placement within these junctures to provide
EMI/RFI1 shielding and to seal against the intrusion of
moisture and debris. For example, U.S. Pat. No.
4,652,695 discloses a clip-on shielding strip designed to
provide EMI/RF1I shielding and which may be placed in
the junctures between cabinet components. The device
disclosed in the U.S. Pat. No. *695 utilizes a conductive
mesh positioned around a resilient core. The core and
mesh are secured to a metal clip with a clamping flange
which clips to the mesh. The metal clip conductively
contacts the cabinet frame and the conductive mesh
conductively contacts to a side or door panel. This
design has several disadvantages. The metal clip pre-
vents this gasket from being fastened to curved surfaces
and corners. Ancother disadvantage results from the
juncture between the mesh and the clip, which juncture
increases the resistance and thus adversely impacts the
conductivity between the mesh and the metal clip. Ad-
ditionally, this gasket provides a metal-to-metal inter-
face which does not provide an effective seal against the
passage of moisture and debris. Further, the metallic
mesh 1s susceptible to a further reduction of conductiv-
ity by the accumulation of moisture and dirt on the
mesh.

Another attempt to solve these problems is disclosed
in U.S. Pat. No. 4,659,867. The U.S. Pat. No. *B67
teaches a gasket having a conductive tubular element
formed of an extruded, resilient elastomer conductively
bonded to a U-shaped metal clip. This design attempts
to provide EMI/RFI shielding and to seal against water
and debns. However, since the same material is used for
both the shielding and sealing functions, both are com-
promised. This elastomer does not provide as effective
a barrier to moisture or debris as does a conventional
rubber gasket and is more expensive. Furthermore,
conductivity may be decreased by the accumulation of
moisture and debris on the surface of the elastomer and
by the resistant interface between the elastomer and
metal clip. Additionally, the metal clip is not well suited
for use on curved surfaces and corners.

Therefore, despite the various efforts found in the
prior art, there remains a need for an improved gasket
which can effectively shield against EMI/RF] and
which can also provide an effective seal against mois-
ture and debris.

SUMMARY OF THE INVENTION

The present invention overcomes the above-dis-
cussed disadvantages in the prior art by providing a
device which provides improved EMI1/RFI shielding,
seals against the intrusion of moisture and debris, pro-
tects the shielding mechanism from degradation, and is
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conformable to curved surfaces and corners. The pres-
ent invention also provides a cabinet which effectively
utilizes such a device.

Additionally, the present invention further provides a
cabinet which minimizes the paths by which moisture
and debris may enter the cabinet interior and which
may be more conveniently transported.

Generally described, in one aspect of the present
invention, an improved gasket provides an EMI/RFI
shield along a joint between a first surface and an abut-
ting second surface. A compressible, resilient sealing
member is mounted to the first surface and directly
contacts the second surface to seal the joint against the
passage of moisture and debris through the joint. A
conductive shielding element is operatively associated
with the sealing member and directly contacts the first
and second surfaces for shielding against the passage of
RF waves through the joint. Thus, the resilient sealing
member provides protection against the passage of dirt,
moisture and debris, while the conductive shielding
element protects the joint against the passage of
EMI/RFI emissions.

Another aspect of the invention comprises a cabinet
having a joint which is protected against debris, mois-
ture, and RF waves. The cabinet includes a frame mem-
ber and a panel abutting the frame member and defining
a joint between the frame member and the panel. A
compressible, resilient sealing member is mounted to
the frame member and directly contacts the panel for
sealing the joint against the passage of moisture and
debris through the joint. A conductive shielding ele-
ment operatively associated with the sealing member
direct contacts the frame member and the panel to
shield the joint against the passage of RF waves
through the joint.

Still another aspect of the present invention relates to
an RF cabinet which is easily transportable. The cabinet
comprises a corner member having a plurality of brack-
ets extending therefrom and positioned normal to one
another. A plurality of frame members are slidably
positioned over the brackets and abut the corner mem-
ber, and a flange extends upwardly from the frame
members. A top panel having a lip extending down-
wardly around its periphery is positioned exterior to the
frame members and is further positioned to have its
interior surface perpendicular to the flange. In the dis-
closed embodiment of the present invention, the cabinet
further comprises a projection extending upwardly
from the corner member into which eyelets may be
threadably inserted without violating the integrity of
the cabinet.

Thus, it is an object of the present invention to pro-
vide an improved EMI/RFI shielding device.

It is another object of the present invention to pro-
vide an EMI/RFTI shielding device which seals against
the intrusion of moisture and debris.

It is a further object of the present invention to pro-
vide an EM1/RF1 shielding device which protects the
shielding mechanism from degradation and exposure to
moisture and debris.

Still another object of the present invention 1o pro-
vide an EMI/RFI shielding device that is suitable for
use with curved surfaces and cormners.

It is yet another object of the present invention to
provide a cabinet which effectively utilizes an
EMI/RFI shielding device.

It is a further object of the present invention to pro-
vide an improved cabinet construction.
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It is another object of the present invention to pro-
vide a cabinet which minimizes the path by which mois-
ture and debris may enter the cabinet interior.

Yet another object of the present invention 1s to pro-
vide a cabinet which is easily transported without vio-
lating the integrity of the structure.

Other objects, features, and advantages of the present
invention will become apparent upon reading the fol-
lowing specification, when taken in conjunction with
the drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an EMI/RFI shiclded
cabinet.

FIG. 2 is an exploded perspective view of the cabinet
of FIG. 1, shown with the right panel and top exploded
and the door open. |

FIG. 3 is a perspective view of the corner construc-
tion of the cabinet of FIG. 1, showing the relationship
between the corner and the top of the cabinet.

FIG. 4 is an exploded perspective view of the corner
assembly of FI1G. 3.

FI1G. § is a perspective view of an EMI/RFI shield-
ing gasket of the cabinet of FIG. 1.

FIG. 6 is a cross sectional view taken along line 6—6
of FIG. 1, showing the EMI/RFI shielding gasket of
FIG. 5 installed in the cabinet and depicting the relation
between the gasket and a door and a side panel of the
cabinet.

FIG. 7 is an interior perspective view of the corner
construction of F1G. 3.

DETAILED DESCRIPTION OF THE
DISCLOSED EMBODIMENT

Referring now in more detail to the drawings, in
which like numerals indicate like parts throughout the
several views, FIGS. 1 and 2 show an EMI/RFI shield-
ing cabinet 10 according to the present invention. The
cabinet 10 has a frame 11, side panels 12, door panels 13,
a top panel 14, and a bottom panel 15. Each of the
panels 12-15 are rectangular in shape and have a lip 16
formed on their edges. The top panel 14 has a rectangu-
lar cutout 17 at each corner. The side panels 12 and top
panel 14 are mounted to the frame 11 as will be de-
scribed later. Doors 13 are mounted to the frame 11
with hinges 20. The bottom panel 15 is bolted directly
to the frame 11. A joint is defined at the intersection of
each of the panels 12-15 and the frame 11. Brackets 21,
having holes 22, and supports 23 are mounted 10 the
frame 11 and enable trays or drawers to be installed in
the cabinet.

Referring now to FIGS. 3 and 4, the frame 11 of the
cabinet 10 is constructed from a plurality of corner
members 28, horizontal frame members 26 and vertical
frame members 27. Extending from each corner mem-
ber 25 are brackets 28. Each horizontal frame member
26 and vertical frame member 27 is slidably positioned
over a bracket 28 and abuts the corner member 25. The
horizontal frame members 26 and vertical frame mem-
bers 27 may be welded or otherwise bonded to each
other along their interior edges 29, as shown 1in FI1G. 7,
to inhibit the passage of RF waves, moisture and debris.
A plurality of nipples 30 are defined on one or more
interior surfaces of each of the horizontal frame mem-
bers 26 and vertical frame members 27. The nipples 30
may be forcibly impressed into the brackets 28 to align
the horizontal frame members 26 and the vertical frame
member 27 with the corner member 25. Each horizontal
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frame member 26 and vertical frame member 27 also has
a rim 31 defined thercon, onto which a gasket may be
mounted. Ridges 32 are defined in each horizontal
frame member 26 and vertical frame member 27 onto
which supports 23 are mounted. A recess 33 is defined
on the front surface of one side of the corner member 28
and one of the horizontal frame members 26 for place-
ment of an emblem or sign.

With further reference to FIGS. 3 and 4, a projection
34 extends upwardly from the corner member 25. The
top panel 14 is the same height as the projection 34 and
18 positioned flush with and abutting the projection 34
with the projection being received within a cutout 17 in
the top panel 14. Extending upwardly from the inner
edge of each horizontal frame members 26 is a flange 38.
When the top is installed, each flange 35 is interior to
and parallel to the lips 16 of the top panel 14. This lip
and flange arrangement provides a barrier to the pas-
sage of RF waves, moisture and debris. As will be ex-
plained further, a gasket may be mounted on each
flange 35 to provide enhanced EMI1/RFI, moisture and
debris protection.

As is further shown in FIG. 3, the upper end of each
projection 34 has a threaded bore 36 formed therein. An
eyelet, hook, or other device useful in transporting the
cabinet may be threaded into the bore 36. Alternatively,
wheels or casters may also be threaded into the bore of
the bottom corner members to enable the cabinet 10 to
be rolled from place to place.

F1G. 8 shows a gasket 40, having a tubular head 41.
An interconnected pair of legs 421. and 42R having
mutually facing surfaces 43 extend downwardly from
the lower portion of the tubular head 41. A lug 44 is
embedded within the legs 42 and 42R and maintains
the legs in a mutually opposed relationship. The lug 44
ts flexible, preferably being made from steel wire to
allow the gasket 40 to conform to curved surfaces and
corners. An ear 45 angles upwardly from the upper
portion of the tubular head 41. On the mutually facing
surfaces 43 of the legs 421 and 42R, a plurality of barbs
46 on the leg member 421 and a barb 47 on the leg
member 42R angle upwardly and are spaced to friction-
ally engage a flange to allow secure positioning of the
gasket 40 on a flange. The tubular head 41, legs 42 and
42R, ear 48, and barbs 46 and 47 are preferably made of
rubber and coextruded with the lug 44. The gasket 40 of
the disclosed embodiment is manufactured from a com-
merically available gasket produced by Emka, model
no. 1011-05. However, the Emka model no. 1011-05
gasket 1s manufactured having two ears. To produce the
gasket 40, one of the two ears is removed, and a conduc-
tive mesh 48, preferably a silver filled mesh, is laminated
to the gasket 40 between points A and B, so that the
mesh 48 covers the periphery of the gasket from the ear
45, across the tubular head 41, down the outer surface
of leg 42R, and up an inner surface 43 to the tip of the
barb 47.

The cabinet 10 can be even more effectively pro-
tected from RF waves, moisture and debris by mount-
ing the gasket 40 to flanges 35 or rims 31. As best shown
in F1G. 6, the gasket 40 is mounted to a flange 35 or rim
31 by means of the legs 421. and 42R. The legs 421 and
42R are placed over the flange 35 or rim 31, and the
barbs 46 and 47 frictionally engage the flange 35 or rim
31. The lug 44 may be compressed to increase the pres-
sure exerted by legs 421 and 42R and barbs 46 and 47 on
the flange 38 or rim 31.
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As can be seen in FIGS. 5 and 6, the conductive mesh
48 extends up the inner surface of leg 42R and out to the
tip of barb 47. Therefore, when the gasket 40 is mounted
on a flange 35 or rim 31, the mesh 48 at point B on the
gasket is in direct contact with the flange or rim. Also,
when the door panels 13 are closed and the side panels
12 are mounted, the interior surfaces of the paneis are in
direct contact with the conductive mesh 48 across the
upper edge of the tubular head. This provides a barrier
to the passage of RF waves. At the same time, the ear 45
is also in direct contact with the interior surfaces of the
panels 12-18. Moisture and debris are restrained from
passing through each joint by the tubuiar head 41 and
ear 45. Furthermore, the ear 45 protects the conductive
mesh 48 from exposure to moisture and debris, thus
protecting the electrical connection between the doors
or side panels and the frame members.

Referring further to FIG. 6, each side panel 12 has a
hole defined therein through which 2 bolt 50 is inserted.
To install the bolt 50, nut 32 is threadably received on
the bolt, followed by a bushing 53, a latch arm 54 and
another nut 52. A mounting plate 55 is mounted to each
vertical frame member 27 by a screw 56. To mount each
side panel 12, each bolt 50 is rotated to position the latch
arm 54 against the mounting plate 55. A slot or other
configuration may be provided on each bolt 50 to facili-
tate rotation. Mounted on each door panel 13 is a peg
58. Peg 58 is positioned to engage a catch 59 mounted to
the vertical frame member 27. The catch 59 and peg 58
operate to maintain the door 13 in contact with the
gasket 40.

As can be seen, the top panel 14 of cabinet 10 has lips
16 depending downwardly from its periphery and
mounted exterior to the flange on each of the horizontal
frame members 26. The cooperative relation between
the upwardly projecting flange and the downwardly
depending lip provides a barrier to the passage of RF

* waves, moisture and debris through the joint which
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exists between the top panel and the horizontal frame
members.

Another feature of the cabinet 10 is the provision of
projections 34, having bores 36 therein, extending from
the top and bottom of the cabinet frame 11, without
penetrating into the cabinet interior. This is advanta-
geous, as eyelets or casters can be threaded into the bores,
and the cabinet is able to be lifted or rolled with the
weight being transmitted directly to the frame rather
than through one of the panels 12-18. This feature aiso
allows eyelets or casters to be installed without violating
the integrity of the cabinet. The construction of the
cabinet 10, utilizing panels 12-15, corner members 28,
horizontal frame members 26, and vertical frame mem-
bers 27 also allows all welds to be placed on the interior of
the cabinet, thus eliminating polishing or grinding of the
welds. Furthermore, the nipples 30 aliow relaxed toler-
ances in the manufacture of the horizontal frame mem-
bers 26 and the vertical frame members 27, as the nipples
may be forcibly embedded into the brackets 28 to align
the frame members 26 and 27 with the corner member 25.

The gasket 40 offers improved EMI1/RFI shielding
by providing a continuous conductive mesh which di-
rectly contacts two abutting surfaces, such as the flange
38 and an interior surface of side panel 12. This is advan-
tageous, in that the number of resistant interfaces be-
tween the flange 35 and the side panel 12 is minimized.
The tubular head 41 and the ear 45 on the gasket 40
prevent moisture and debns from passing through each
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of the joints. Not only do the tubular head and ear
prevent RF waves, moisture and debris from passing
through the joint, but also, since moisture can oxidize
the surface of the mesh, and the accumulation of debris
can increase the resistance between the mesh and the
surface it contacts, the integrity of the mesh’s conduc-
tivity is preserved.

Another feature of the present invention pertains to
the conductive mesh 48 extending around the base of
the leg 42R, between the inner surface 43 of the leg 42R
and the corresponding flange 35 or rim 31, and to the tip
of the barb 47. The advantage of this feature is twofold.
First, by directly contacting the mesh 48 against the
corresponding flange 35 or rim 31 and the side panel 12
or door panel 13, a better shielding interface is obtained.
Secondly, the barb 47 exerts a clamping force to impress
the mesh against the flange or nm.

Since ventilation is often required for a operation of
electrical equipment, a fan and filter may be installed on
the gasket without greatly diminishing the effectiveness
of the cabinet and gaskets. Such vents utilize a filter to
reduce the passage of moisture and debris into the cabi-
net, and the conventional grid construction effectively
discourages the passage of RF waves.

As will be apparent to one skilled in the art, any of the
panels 12-15 may alternatively be mounted with fasten-
ers, hinges, bolts, or other fastening devices, without
detracting from the spirit of this invention. Also, while
the foregoing embodiment is disclosed with respect to a
cabinet having two door panels 13 and two side panels
12, it will be appreciated that the same principles of
construction may be applied to a cabinet having a
greater or lesser number of doors 13 in place of some or
all of the side panels 12.

Other objects, features, and advantages of the present
invention will become apparent upon reading the fol-
lowing detailed description of the preferred embodi-
ment of the invention when taken in conjunction with
the drawings and the appended claims.

What is claimed is:

1. A cabinet comprising:

a corner member having a plurality of brackets ex-
tending therefrom and positioned normal to one
another[.),

a plurality of frame members corresponding to said
plurality of brackets, one of said frame members
being slidably positioned over each of said brackets
and abutting said corner member;

a projection extending upwardly from said corner mem-
ber, said projection having a lateral surface;

[2a] at least one flange extending upwardly from each
of said plurality of frame members; and

a top panel having lateral edges and having a down-
wardly extending lip formed around a portion of its
outer periphery, said top panel being positioned
atop said plurality of frame members such that said
lip on said top panel is disposed exteriorly of said
flange on said plurality of frame members such that

said flange extends upwardly toward said top panel 60

at a point inside the outer periphery and said lateral

surface of said projection abuts said lateral edges of

said top panel.
2. The cabinet of claim 1, wherein said frame mem-
bers are bonded 10 one another.
3. The cabinet of claim 1, further comprising a gasket
attached to said flange on each of said plurality of frame
members, a portion of said gasket extending between
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said top panel and said flange to effect a seal between
said top panel and said flange.

[4. The cabinet of claim 1, wherein said top panel
further comprises lateral edges, and wherein said corner
member further comprise a projection extending up-
wardly therefrom and having a lateral surface abutting
said lateral edges of said top Panel. }

5 The cabinet of claim [4)7, wherein said projec-
tion has a height substantially corresponding to the
height of said top panel.

6. The cabinet of claim 1, wherein said top panel
further comprises rectangular cutouts defined in each
corner of said top panel, and wherein said [corner
member further comprises a] projection [extending]
extends upwardly [therefrom] from said corner mem-
ber and [projecting] projects through one of said cut-
outs in said top panel. |

7. The cabinet of claim 3, wherein said gasket com-
prises:

a sealing device including a compressible, resihent
elongate head and a pair of legs extending down-
wardly from said elongate head, said flange being
positioned between said legs; and

a conductive material disposed between said legs in
contact with said flange and extending upwardly
along the outer surface of one of said legs and a
portion of said elongate head, such that said con-
ductive material and said compressible resilient
head may directly contact said panel for substan-
tially shielding said joint against the passage of RF
waves, moisture and debris through said joint.

8. The cabinet of claim 6, wherein said rectangular
cutouts define said lateral edges [and said projection
defines a lateral surface positioned to abut said lateral
edges].

9. A cabinet comprising:

a corner member having three brackets extending there-
from and positioned normal 1o one another,

three hollow frame members corresponding to said plu-
rality of brackets, one of said frame members being
slidably positioned over each of said brackets and
abutting said corner member;

each of said frame members defining a pair of elongate
flanges extending outwardly from said frame mem-
ber;

a plurality of nipples positioned between said frame
members and the respective brackets on which the
frame members are slidably positioned, said nipples
forcing the frame members into a predetermined con-
figuration wherein respective interior edges of the
frame members abut one another to form three or-
thogonal lines of intersection;

each flange of each of said frame members meeting a
flange of an adjacent frame member along one of the
three orthogonal lines of intersection to form three
flange corners;

a continuous weldment joining said adjacent frame
members and their flange corners along said three
orthogona! lines of intersection;

said flanges receiving uninterrupted gasket material
extending around said three flange corners; and

three panels each having an inwardly extending lip
formed along its periphery, said panels being POSi-
tioned such that said lip of each of said panels is
disposed exteriorly of one of said flanges such that
said flanges extend outwardly toward said panels at a
location inside the periphery of said panels;
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said panels engaging said gasket material to effect seals
between said flanges and said panels, said seals and
said weldment isolating said corner member from the
interior of said cabinet. o

10. A cabinet comprising:

a corner member having a plurality of brackets extend-
ing therefrom and positioned normal to one another;

a plurality of frame members corresponding to said
plurality of brackets, one of said frame members
being slidably positioned over each of said brackets
and abutting said corner member;

a flange extending upwardly from each of said plurality
of frame members; and
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10
a top panel having a downwardly extending lip formed

around its periphery and defining rectangular cutouts
in each corner of said top panel, said top panel being
positioned atop said plurality of frame members such
that said lip on said top panel is disposed exteriorly of
said flange on said plurality of frame members such
that such flange extends upwardly toward said top
panel at a point inside the outer periphery of said top
panel: and

a projection extending upwardly from said corner mem-
ber through one of said cutouts.

11. The cabinet of claim 10, wherein said rectangular

cutouts define lateral edger and said projection defines a
lateral surface positioned to abut said lateral edges.
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