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(57) Abstract: An enclosure can include a top en-
closure portion having a top flange and a first top
engagement feature. The enclosure can also include
a bottom enclosure portion mechanically coupled to
the top enclosure portion, where the bottom enclos-
ure portion has a bottom flange that mechanically
couples to the top flange and a first bottom engage-
ment feature that mechanically couples to the first
top engagement feature. The enclosure can further
include a first fastening device mechanically and
movably coupled to the first top engagement feature
and the first bottom engagement feature. The first
fastening device, in an engaged position, can main-
tain a flame path between the top flange and the bot-
tom flange. The first fastening device, in a disen-
gaged position, can fail to maintain a flame path
between the top flange and the bottom flange.



FASTENING DEVICES FOR EXPLOSION-PROOF ENCLOSURES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] Not Applicable.
[0002] Not Applicable.
TECHNICAL FIELD
[0003] The present disclosure relates generally to explosion-proof enclosures, and more

particularly to systems, methods, and devices for securing a cover of an explosion-proof

enclosure to a body of the explosion-proof enclosure.
BACKGROUND

[0004] Explosion-proof receptacle housings and enclosure systems are used in many
different industrial applications. Such explosion-proof receptacle housing and enclosure systems
may be used, for example, in military applications, onboard ships, assembly plants, power plants,
oil refineries, petrochemical plants, and other harsh environments. At times, the equipment
located inside such explosion-proof receptacle housing and enclosure systems is used to control

motors and other industrial equipment.

[0005] In order for an explosion-proof enclosure to meet certain standards and
requirements, the cover of the enclosure must be sealed to the body of the enclosure within
certain tolerances. Often, this requires a large number (30 or more) of bolts to be tightened.
Consequently, securing all of the bolts at the appropriate torque is a very time-consuming
process. In addition, removing all of the bolts to access one or more components inside the
explosion-proof” enclosure is a time-consuming process. Further, if all of the bolts are not
reinserted and properly torqued, insufficient sealing can result, thereby creating a point of

environmental ingress and/or loss of explosion-proof integrity.
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SUMMARY

[0006] In general, in one aspect, the disclosure relates to an enclosure. The
enclosure can include a top enclosurc portion having a top flange and a first top
engagement feature. The enclosure can also include a bottom enclosure portion
mechanically coupled to the top enclosure portion, where the bottom enclosure
portion has a bottom flange that mechanically couples to the top flange and a first
bottom engagement feature that mechanically couples to the first top engagement
feature. The enclosure can further include a first fastening device mechanically and
movably coupled to the first top engagement feature and the first bottom engagement
feature. The first fastening device, in an engaged position, can maintain a flame path
between the top flange and the bottom flange. The first fastening device, in a
disengaged position, can fail to maintain a flame path between the top flange and the
bottom flange.

[0007] In another aspect, the disclosure can gencrally relate to an enclosure
system. The enclosure system can include a first enclosure, a second enclosure, and a
joining features. The first enclosure can include a first top enclosure portion having a
first top flange and a first top engagement feature. The first enclosure can also
include a first bottom enclosure portion mechanically coupled to the top enclosure
portion, where the first bottom enclosure portion has a first bottom flange that
mechanically couples to the first top flange and a first bottom engagement feature that
mechanically couples to the first top engagement feature. The first enclosure can
further include a first fastening device mechanically and movably coupled to the first
top engagement feature and the first bottom engagement feature. The first fastening
device, in an engaged position, can maintain a first flame path between the first top
flange and the first bottom flange. The first fastcning device, in a disengaged
position, can fail to maintain a first flame path between the first top flange and the
first bottom flange. The second enclosure can include a second top enclosure portion
having a second top flange and a second top engagement feature. The second
enclosure can also include a second bottom enclosure portion mechanically coupled to
the second top enclosure portion, where the second bottom enclosure portion has a
second bottom flange that mechanically couples to the second top flange and a second

bottom engagement feature that mechanically couples to the second top engagement
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feature. The second enclosure can further include a second fastening device
mechanically and movably coupled to the second top engagement feature and the
second bottom engagement feature. The second fastening device, in an engaged
position, can maintain a second flame path between the second top flange and the
second bottom flange. The second fastening device, in a disengaged position, can fail
to maintain a second flame path between the sccond top flange and the sccond bottom
flange. The joining feature can be mechanically coupled to the first enclosure and the
second enclosure, where the joining feature forms a third flame path with the first
enclosure and a fourth flame path with the second enclosure.

[0008] In another aspect, the disclosure can generally relate to an enclosure.
The enclosure can include an enclosure cover having a cover flange and at least one
cover portion of an engagement feature, where each of the at least one cover portion
has a first base and a first extension. The enclosure can also include an enclosure
body mechanically coupled to the enclosure cover, where the enclosure body has a
body flange that mechanically couples to the cover flange, where the enclosure body
further includes at least one body portion of the engagement feature that mechanically
couples to the at least one cover portion, where cach of the at least one body portion
has a second base and a second extension. The engagement feature can be in an
engaged position when the first extension abuts the second extension, where the
engagement feature in the engaged position maintains a flame path between the top
flange and the bottom flange. The first fastening device, in a disengaged position, can
fail to maintain a flame path between the top flange and the bottom flange.

[0009] These and other aspects, objects, features, and embodiments will be

apparent from the following description and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The drawings illustrate only example embodiments of fastening
devices for explosion-proof enclosures and are thercfore not to be considered limiting
of its scope, as fastening devices for explosion-proof enclosures may admit to other
equally effective embodiments. The elements and features shown in the drawings are
not necessarily to scale, emphasis instead being placed upon clearly illustrating the
principles of the example embodiments. Additionally, certain dimensions or

positionings may be exaggerated to help visually convey such principles. In the
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drawings, reference numerals designate like or corresponding, but not necessarily
identical, elements.

[0011] Figures 1A-1D show various views of an explosion-proof enclosure
with example fastening features in accordance with certain example embodiments.
[0012] Figures 2A-2D perspective views of various components of the
cxample fastening featurc of Figure 1 in accordance with certain example
embodiments.

[0013] Figures 3A and 3B show perspective views detailing various
components of the example fastening feature of Figures 1A-2D in accordance with
certain example embodiments.

[0014] Figures 4A and 4B show various views of the example fastening
feature of Figures 1A-3B in an unfastened position in accordance with certain
example embodiments.

[0015] Figures SA and 5B show various views of the example fastening
feature of Figures 1A-3B in a fastened position in accordance with certain example
embodiments.

[0016] Figures 6A and 6B show various views of an explosion-proof
enclosure with another example fastening feature in accordance with certain example
embodiments.

[0017] Figures 7A-7C show top views of various enclosures and enclosure
systems with which example fastening features can be used in accordance with certain

example embodiments.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0018] The example embodiments discussed herein are directed to systems,
apparatuses, and methods of fastening a cover of an explosion-proof enclosure to a
body of the explosion-proof enclosure. While the example embodiments discussed
herein are with reference to explosion-proof enclosures, other types of non-explosion-
proof enclosures (e.g., junction boxes, control pancls, lighting pancls, motor control
centers, switchgear cabinets, relay cabinets) or any other type of enclosure (e.g.,
hazardous enclosure) may be used in conjunction with example embodiments of
fastening devices.

[0019] As used herein, the cover and the body of an enclosure can be referred

to as enclosure portions (e.g., top enclosure portion, bottom enclosure portion).
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Further, while example fastening devices are shown in the accompanying figures as
being mechanically coupled to the cover and the body of an enclosure, example
fastening devices can, additionally or alternatively, be mechanically coupled to the
cover or to the body of the enclosure.

[0020] In one or more example embodiments, an explosion-proof enclosure
(also sometimes called a flame-proof enclosure and a hazardous location enclosure) is
an enclosure that is configured to contain an explosion that originates inside the
enclosure. Further, the explosion-proof enclosure is configured to allow gases from
inside the enclosure to escape across joints of the enclosure and cool as the gases exit
the explosion-proof enclosure. The joints are also known as flame paths and exist
where two surfaces meet and provide an uninterrupted path, from inside the
explosion-proof enclosure toward the outside of the explosion-proof enclosure, along
which one or more gases may travel. A joint may be a mating of any two or more
surfaces. Each surface may be any type of surface, including but not limited to a flat
surface, a threaded surface, a rabbet surface, and a serrated surface. As used herein,
an explosion-proof enclosure can be an enclosure that is suitable for potentially
explosive environments.

[0021] In one or more example embodiments, an explosion-proof enclosure is
subject to meeting certain standards and/or requirements. For example, NEMA sets
standards with which an enclosure must comply in order to qualify as an explosion-
proof enclosure. Specifically, NEMA Type 7, Type 8, Type 9, and Type 10
enclosures set standards with which an explosion-proof enclosure within a hazardous
location must comply. For example, a NEMA Type 7 standard applies to enclosures
constructed for indoor use in certain hazardous locations. Hazardous locations may
be defined by one or more of a number of authorities, including but not limited to the
National Electric Code (e.g., Class I, Division 1) and Underwriters’ Laboratories, Inc.
(UL) (e.g., UL 1203). For example, a Class I hazardous area under the National
Electric Code is an arca in which flammable gascs or vapors may be present in the air
in sufficient quantities to be explosive.

[0022] As a specific example, NEMA standards for an explosion-proof
enclosure of a certain size (e.g., 100 cm’) or range of sizes may require that in a
Group B, Division 1 area, any flame path of an explosion-proof enclosure must be at

least 1 inch long (continuous and without interruption), and the gap between the



surfaces cannot exceed 0.0015 inches. While flame paths and other such aspects of explosion-
proof enclosures are well known to those of ordinary skill in the art, background information is
provided, for example, by NEMA.

[0023] Some standards also require that one or more tools are used to open an explosion-
proof enclosure. Example embodiments described herein can require the use of a tool, whether
custom made or standard, to disengage the fastening device and open the explosion-proof
enclosure. Each example fastening device (or components thereof) can be made from one or
more of a number of suitable materials, including but not limited to stainless steel, plastic,
aluminum, ceramic, rubber, and iron.

[0024] Example enclosures described herein can be exposed to one or more
environments (e.g., hazardous, corrosive, high temperature, high humidity) that can cause the
enclosure cover and the enclosure body to become fused togethcr to some extent. In such a case,
example cover release mechanisms can be used to assist in prying apart the enclosure cover from
the enclosure body. For example, such a cover release mechanism can be useful when oxidation
has formed between the cover flange and the body flange. In such a case, an improper method of
prying apart the enclosure cover and the enclosure body can result in damage (e.g., scoring,
pitting, gouging) to the cover flange and/or the body flange. Examples of cover release
mechanisms can be found in United States Patent Number 9,428,312 entitled "Cover Release
Mechanisms for Enclosures”.

[0025] Example embodiments of fastening devices for explosion-proof enclosures will be
described more fully hereinafter with reference to the accompanying drawings, in which example
embodiments of fastening devices for explosion-proof enclosures are shown. Fastening devices
for explosion-proof enclosures may, however, be embodied in many different forms and should
not be construed as limited to the example embodiments sct forth herein. Rather, these example
embodiments are provided so that this disclosure will be thorough and complete, and will fully
convey the scope of fastening devices for explosion-proof enclosures to those or ordinary skill in
the art. Like, but not necessarily the same, elements (also sometimes called components) in the
various figures are denoted by like reference numerals for consistency. Terms such as "first,"
"second," "top," "bottom," "width," "height," "left," and "right" are used merely to distinguish
one component (or part of a component) from another. Such terms are not meant to denote a

preference or a particular orientation.
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[0026] Figures 1A-1D show various views of an explosion-proof enclosure
100 with one or more example fastening feature 110, 111 in accordance with certain
example embodiments. Specifically, Figure 1A shows a perspective view of the
enclosure 100. Figure 1B shows a cross-sectional side perspective view of the
enclosure 100. Figures 1C and 1D show a cross-sectional side views of the enclosure
100. In one or more cmbodiments, one or more of the features shown in Figures 1A-
1D may be omitted, added, repeated, and/or substituted. Accordingly, embodiments
of an explosion-proof enclosure with fastening features should not be considered
limited to the specific arrangement of components shown in Figures 1A-1D.

[0027] Referring to Figures 1A-1D, fastening feature 110 can include a
fastening device 115 and, in certain example embodiments, one or more engagement
features (e.g., engagement feature 125, engagement feature 135), all described below.
Similarly, fastening feature 111 can include a fastening device 114 and, in certain
example embodiments, one or more engagement features (e.g., engagement feature
124, engagement feature 134). The fastening features and its various components can
be the same and/or different from each other. When there are multiple fastening
features, such fastening fecaturcs can be disposcd in onc or more of a number of ways
on the enclosure 100. For example, as shown in Figure 1A, the fastening feature 110
(including any of its components, such as the engagement feature 125) can be
disposed on a substantially opposite end of the enclosure 100 than the fastening
feature 111 (including any of its components, such as the engagement feature 124).
[0028] The explosion-proof enclosure 100 can include an enclosure cover 102
and an enclosure body 104. The enclosure cover 102 can include a central portion
120, a flange 122 and at least one engagement feature (in this case, engagement
feature 124 and engagement feature 125). The flange 122 of the enclosure cover 102
can be disposed on the bottom surface of the central portion 120 around the perimeter
of the outer portion 121 of the enclosure cover 102. The flange 122 of the enclosure
cover 102 can include at lcast one beveled edge, in this case, beveled edge 123.

[0029] The flange 122 can also include, in addition the beveled cdge 123,
other features and/or surfaces that allow part of the enclosure body 104 to be disposed
within the enclosure cover 102. For example, as shown in Figures 1B and 1C, the
flange 122 can also include a back wall 129 that forms, with the beveled edge 123, a

cavity into which the top end of the enclosure body 104 can be disposed. The contour
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of the back wall 129 can be substantially the same as the outer surface of the flange
132.

[0030] In certain example embodiments, while the beveled edge 123 of the
flange 122 and the beveled edge 133 of the flange 132 are disposed around the entire
perimeter of the respective flanges, the back wall 129 of the flange 122 can only be
disposed where cngagement features (e.g., engagement feature 124, engagement
feature 125) extend from the flange 122. In such a case, as shown in Figure 1D, the
back wall 129 of the flange 122 does not exist where the corresponding engagement
feature is not located..

[0031] In certain example embodiments, the flange 122 can also include a
channel (hidden from view) into which some or all of a sealing member 194 can be
disposed. In addition, or in the alternative, the sealing member 194 can be disposed
within a channel disposed in a top portion of the enclosure body 104. In any case, as
the enclosure cover 102 mechanically couples to the enclosure body 104, the sealing
member 194 is compressed, providing a seal against ingress while providing a flame
path 169 that meets one or more applicable standards (e.g., flame path 169 no greater
than 0.0015 inchcs). The scaling member 194 can be any type of scaling member
(e.g., gasket, o-ring) made of a compressible material (e.g., rubber, silicon).

[0032] The engagement features (e.g., engagement feature 124, engagement
feature 125) of the enclosure cover 102 can be disposed on an outer portion of the
flange 122. For example, as shown in Figures 1A-1D, the engagement features can be
a planar extension of the central portion 120 that are directed radially away from the
flange 122. The engagement features can be a single member or multiple members.
As shown in Figures 1A-1D, engagement feature 124 and engagement feature 125
cach have one member. In certain example embodiments, each engagement feature
can be considered part of the fastening feature 110.

[0033] Each engagement feature of the enclosure cover 102 can include one or
morc features that allow for interaction with a fastening device. An example of one
such featurc is a keyway (e.g., keyway 127, keyway 128) disposcd within a portion of
the engagement feature of the enclosure cover 102. The keyway can be shaped and
positioned in the engagement feature to allow a user to access the keyhole 222
(described below) of a fastening device (e.g., fastening device 114, fastening device
115) when the fastening device is coupled to the engagement feature of the enclosure

cover 102 and the engagement feature of the enclosure body 104. For example, the
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width of the keyway can be substantially the same as, or larger than, the width of the
keyhole 222 disposed on the fastening device.

[0034] A keyway (e.g., keyway 127, keyway 128) can also be shaped to allow
the keyhole 222 to rotate within a certain range (e.g., approximately 90°,
approximately 180°) when the rotation of the fastening device (e.g., fastening device
114, fastening device 115) is controlled through a user’s access through the keyway.
In certain example embodiments, the keyhole 222 rotates within a range of no more
than 360°. In this example, each keyway 127, 128 is shaped to allow the keyhole 222
of the fastening device 115 to rotate approximately 90°. This rotation of the fastening
device 115 can be in one or more of a number of directions (e.g., upward, downward,
inward, outward) that depend on one or more of a number of factors, including but not
limited to the shape of the keyway 128, the shape of the fastening device 115, and the
orientation of the fastening device 115 relative to the keyway 128. The keyway can
be a single slot (as shown in Figures 1A-1C), multiple slots, or have some other
configuration that allows access to and control of the keyhole 222 of the fastening
device. The shape of the keyway can vary based on one or more of a number of
factors, including but not limited to the range of rotation of the keyhole 222, the tool
used to move the keyhole 222, and the size of the keyhole 222.

[0035] Another example of a feature that allows for interaction with a
fastening device is one or more apertures (hidden from view) that traverse an entire
portion (e.g., the entire width) of the engagement feature. In such a case, the
apertures can have a shape that is sufficient to allow various portions of a fastening
device (e.g., fastening device 114, fastening device 115) to pass therethrough and be
disposed therein. In certain example embodiments, the aperture that traverses the
engagement feature of the enclosure cover 102 is external to the enclosure 100, and so
such aperture does not create a flame path in addition to flame path 169.

[0036] Each engagement feature of the enclosure cover 102 can be made from
a single piece with the central portion 120 of the enclosure cover 102, as from a mold,
or can be onc or more scparate picces that arc mechanically coupled to the central
portion 120 using one or more of a number of coupling methods, including but not
limited to welding, compression fittings, fastening devices, and mating threads. The
enclosure cover 102 and its various features can be made of one or more of a number
of suitable materials. Such materials can include, but are not limited to, stainless

steel, aluminum, rubber, and plastic.
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[0037] The shape and size of the central portion 120 of the enclosure cover
102 can be any of a number of shapes and sizes suitable for an explosion-proof
enclosure using example fastening features 110. For example, as shown in Figures
1A-1D, the central portion 120 can be substantially circular when viewed from above.
In such a case, the size (e.g., diameter, thickness) of the central portion 120 can vary.
For example, the diameter of the central portion 120 can be 12 inches. As another
example, the diameter of the central portion 120 can be 18 inches. The size of the
central portion 120 can be larger or smaller than those given in the preceding
examples. The central portion 120 can be planar (e.g., substantially flat) and/or have
one or more three-dimensional features. For example, the central portion 120 can be
dome-shaped and/or have one or more dome features, internally and/or externally.
Examples of other shapes, when viewed from above, for the central portion 120 of the
enclosure cover 102 can include, but are not limited to, oval, rectangular, figure eight,
and triangular. Such shapes can have rounded or straight sides and/or corners.

[0038] In certain example embodiments, the enclosure body 104 includes a
base 130, a flange 132, and one or more engagement features (e.g., engagement
featurc 134, engagement feature 135). The base can have a back and one or more
walls adjacent to the back to form a cavity 150. Electrical and/or mechanical devices
can be disposed within the cavity 150 when the enclosure cover 102 is mechanically
coupled to the enclosure body 104.

[0039] The enclosure body 104 can also include a flange 132 disposed at the
end of the one or more walls of the base 130. The flange 132 of the enclosure body
104 can include at least one beveled edge, in this case, beveled edge 133. The flange
132 can also include, in addition to the beveled edge 133, other features and/or
surfaces that allow part of the enclosure body 104 to be disposed within the enclosure
cover 102. For example, as shown in Figures 1A-1D, the flange 132 is shaped (e.g.,
flat top joining the beveled edge 133 and the outer surface of the wall of the base 130)
complementary to the cavity formed as part of the flange 122 of the enclosure cover
102. In such a casc, when the enclosure cover 102 is mechanically coupled to the
enclosure body 104, the flange 122 of the enclosure cover 102 is mated to the flange
132 of the enclosure body 104.

[0040] When the flange 122 of the enclosure cover 102 is mated to the flange
132 of the enclosure body 104, a flame path 169 is formed. Because of the mated
beveled edges 123 and 133, the enclosure cover 102 and the enclosure body 104

10
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naturally align with each other. Further, the length of the flame path 169 is increased
relative to the thickness of the wall of the base 130. Consequently, less material can
be used to create the base 130 of the enclosure body 104 and/or central portion 120 of
the enclosure cover 102 while maintaining a flame path 169 the allows the enclosure
100 to comply with various standards for explosion-proof enclosures.

[0041] In addition, the flame path 169 created by the beveled edges 123 and
133 reduces the gap created between the enclosure cover 102 and the enclosure body
104 when the enclosure cover 102 and the enclosure body 104 are subjected to
pressure. For example, without beveled edges 123 and 133, the resulting gap for the
flame path 169 is approximately 0.010 inches. By contrast, when the beveled edges
123 and 133 are set at 30°, the resulting gap for the flame path 169 is approximately
0.0087 inches. When the beveled edges 123 and 133 are set at 40°, the resulting gap
for the flame path 169 is approximately 0.0077 inches. When the beveled edges 123
and 133 are set at 50°, the resulting gap for the flame path 169 is approximately
0.0064 inches. When the beveled edges 123 and 133 are set at 60°, the resulting gap
for the flame path 169 is approximately 0.0050 inches. This reduction in the gap for
the flame path 169 can reduce the fastening requircments (e.g., fastening force) of the
fastening feature 110.

[0042] As discussed above with the flange 122 of the enclosure cover 102, the
flange 132 of the enclosure body 104 can include a channel into which some or all of
a sealing member 194 can be disposed. The optional channel in the flange 132 can be
the same as (complementary to) or different than the channel in the flange 122. The
sealing member 194 can be the same or a different sealing member from that
described above. In addition, or in the alternative, the channel and the sealing
member 194 can be disposed on the beveled edge 123 of the flange 122 and/or the
beveled edge 133 of the flange 132.

[0043] The engagement features (e.g., engagement feature 134, engagement
feature 135) of the enclosurc body 104 can be disposed on an outer portion of the
flange 132. For example, as shown in Figures 1A-1D, the engagement features can be
extensions of the flange 132 that are directed radially away from the flange 132. The
engagement features can be a single member or multiple members. As shown in
Figures 1A-1C, engagement feature 134 and engagement feature 135 each have two
members. In certain example embodiments, each engagement feature can be

considered part of the fastening device 110.
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[0044] Each engagement feature of the enclosure body 104 can include one or
more features that allow for interaction with a fastening device (e.g., fastening device
114, fastening device 115). An example of one such feature is one or more keyways,
as described above with respect to the engagement feature of the enclosure cover 102.
While not shown in Figures 1A-1D, a keyway disposed in the engagement feature of
the enclosure body 104 can be located on one or any other number of engagement
features of the enclosure body 104. In addition, a keyway (e.g., keyway 127, keyway
128) can be disposed in both an engagement feature of the enclosure cover 102 and an
engagement feature of the enclosure body 104.

[0045] Another example of a feature that allows for interaction with a
fastening device is one or more apertures (hidden from view) that traverse an entire
portion (e.g., the entire width) of the engagement feature. In such a case, the
apertures can have a shape that is sufficient to allow various portions of a fastening
device (e.g., fastening device 114, fastening device 115) to pass therethrough and be
disposed therein. In certain example embodiments, the aperture that traverses the
engagement feature of the enclosure body 104 is external to the enclosure 100, and so
such aperture does not crcatc a flame path in addition to flame path 169. As
explained below, the size of the apertures that traverse the engagement features of the
enclosure body 104 can be substantially the same as, but slightly different than, the
size of the apertures that traverse the engagement features of the enclosure cover 102.
[0046] In addition, when the enclosure cover 102 is mechanically coupled to
the enclosure body 104, the aperture that traverses the engagement feature 135 of the
enclosure body 104 can be aligned with the aperture that traverses the engagement
feature 125 of the enclosure cover 102. 1In such a case, a fastening device
simultaneously can be disposed within the aperture that traverses the engagement
feature of the enclosure body 104 and the aperture that traverses the engagement
feature of the enclosure cover 102.

[0047] Thus, the engagement feature 135 of the enclosure body 104 and the
cngagement feature 125 of the enclosure cover 102 can interlock with cach other.
The arrangement of engagement features of the enclosure body 104 relative to
engagement features of the enclosure cover 102 can vary. For example, as shown in
Figures 1A-1D, the two engagement features 135 of the enclosure body 104 can be
positioned on either side of the engagement feature 125 of the enclosure cover 102.

As another example, two engagement features 125 of the enclosure cover 102 can be
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positioned on either side of one engagement feature 135 of the enclosure body 104.
As yet another example, five engagement features 135 of the enclosure body 104 can
be symmetrically interlaced with four engagement features 125 of the enclosure cover
102. In any case, the interlocking engagement features can have only one keyway or
multiple keyways 128.

[0048] Each engagement feature of the enclosure body 104 can be made from
a single piece with the base 130 ot the enclosure body 104, as from a mold, or can be
one or more separate picces that are mechanically coupled to the base 130 (or, more
specifically, the flange 132 of the base 130) using one or more of a number of
coupling methods, including but not limited to welding, compression fittings,
fastening devices, and mating threads. The enclosure body 104 and its various
features can be made of one or more of a number of suitable materials. Such
materials can include, but are not limited to, stainless steel, aluminum, rubber, and
plastic.

[0049] The shape and size of the base 130 of the enclosure body 104 can be
any of a number of shapes and sizes suitable for an explosion-proof enclosure using
example fastening features 110. For example, as shown in Figures 1A-1D, the base
130 can be substantially circular when viewed from above. In such a case, the size
(e.g., diameter, thickness) of the base 130 can vary. For example, the diameter of the
base 130 can be 12 inches. As another example, the diameter of the central portion
can be 18 inches. The base 130 also can be square, rectangular, oval, hexagonal, or
any other shape when viewed from above, provided that the shape of the flange 132,
when viewed from above, is substantially the same as the shape of the flange 122 of
the enclosure cover 102. Thus, the shape of the base 130, when viewed from above,
can be the same shape or a different shape than the shape of the central portion 120
when viewed from above. In addition, or in the alternative, the size of the shape of
the base 130 and/or the size of the shape of the central portion 120, when viewed from
above, can vary along their height. In such a case, the size of the shape of the base
130 and the sizc of the shapc of the central portion 120, when viewed from above, can
be substantially the same for a given height when the enclosure cover 102 is coupled
to the enclosure body 104.

[0050] In certain example embodiments, when there are multiple fastening
features 110, 111 for an enclosure 100, at least one of the fastening features 110, 111

can act merely as a hinge rather than a fastening feature. For example, in Figure 1A,
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fastening feature 111 can be a hinge, hingedly coupling the enclosure cover 102 and
the enclosure body 104, while fastening feature 110 can create and maintain the flame
path 169 between the enclosure cover 102 and the enclosure body 104. In such a
case, the fastening device 114 of the hinge can have, for example, a uniform width
and height along its length. Alternatively, both the fastening device 114 and the
fastening device 115 can have one or morc oblong scctions (described below with
respect to Figures 2A-2D), which allows both fastening feature 111 and fastening
feature 110 to create and maintain the flame path 169 between the enclosure cover
102 and the enclosure body 104.

[0051] In certain example embodiments, when there are multiple fastening
features (e.g., fastening feature 110, fastening feature 111), there can be a mechanical
linkage between two or more of the fastening features. In such a case, moving (e.g.,
rotating) one of the fastening features can move a linked fastening feature a
corresponding amount. For example, for fastening feature 110 and fastening feature
111, if fastening feature 110 is rotated by 90°, then the linkage between fastening
feature 110 and fastening feature 111 would cause fastening feature 111 to rotate (in
the samc or a different direction) by 90°.

[0052] Figures 2A-2D show various views of the example fastening feature
110 from Figures 1A-1D in accordance with certain example embodiments.
Specifically, Figure 2A shows a cross-sectional front view of the components of the
fastening feature 110. Figure 2B shows a perspective view of the engagement
features 135 of the enclosure body 104. Figure 2C shows a perspective view of the
engagement feature 125 of the enclosure cover 102. Figure 2D shows a perspective
view of the fastening device 115. In one or more embodiments, one or more of the
features shown in Figures 2A-2D may be omitted, added, repeated, and/or substituted.
Accordingly, embodiments of a fastening feature should not be considered limited to
the specific arrangement of components shown in Figures 2A-2D.

[0053] Referring to Figures 1A-2D, the fastening device 115 of the fastening
fecaturc 110 is shown in Figurcs 2A-2D in a disengaged position. In a disecngaged
position, the fastening device 115 (and, thus, the fastening feature 110) fails to
maintain the flame path 169 between the flange 122 and the flange 132 in such a way
that prevents the flame path 169 from complying with one or more standards. The
fastening device 115 can be moved into an engaged position by moving (in this case,

rotating) the fastening device 115. In the engaged position, the fastening device 115
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(and, thus, the fastening feature 110) creates and maintains a flame path 169 between
the flange 122 and the flange 132 in such a way that allows the flame path 169 to
comply with one or more standards.

[0054] In this example, there are two engagement features 135 for the
enclosure body 104. Thus, cach engagement feature 135 can have an aperture 282
that traverses therethrough, as shown in Figure 2B. When viewed cross-sectionally,
the width 284 and the height 283 of each aperture 282 can be the same or different
from each other. In this case, the width 284 of each aperture 282 is substantially the
same as the height 283 of the aperture 282. For example, the width 284 and height
283 of the apertures 282 can each be approximately 1.045 inches.

[0055] In certain example embodiments, the width 284 and the height 283 of
each aperture 282 through an engagement feature 135 of the enclosure body 104 is
substantially the same along the length of the aperture 282, as is the case in this
example. Conversely, the width 284 and the height 283 of each aperture 282 through
an engagement feature 135 of the enclosure body 104 can vary along the length of the
aperture 282.

[0056] In this example, there 18 one engagement feature 125 for the enclosure
cover 102, but the keyway 128 disposed approximately halfway along the length of
the engagement feature 125 creates two apertures 292 in the engagement feature 125.
Thus, the engagement feature 125 can have two apertures 292 that traverse
therethrough, as shown in Figure 2C. When viewed cross-sectionally, the width 294
and the height 293 of each aperture 292 can be the same or different from each other.
In this case, the width 294 of each aperture 292 is larger than the height 293 of the
aperture 292. For example, the width 294 of the aperture 292 can be approximately
1.045 inches, while the height 293 of the aperture 292 can each be approximately
1.000 inches.

[0057] The width 294 and the height 293 of each aperture 292 through the
engagement feature 125 of the enclosure cover 102 can be substantially the same
along the length of the aperture 292, as is the case in this example. Conversely, the
width 294 and the height 293 of each aperture 292 through the engagement feature
125 of the enclosure cover 102 can vary along the length of the aperture 292.

[0058] The fastening device 115 can have one or more of a number of shapes,
sizes, and features that allow the fastening device 115 to be disposed within the

apertures 282 of the engagement features 135 and the apertures 292 of the
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engagement feature 125 and manipulate the enclosure body 104 and the enclosure
cover 102 to create and maintain the desired flame path 169. As can be seen in Figure
2D, the fastening device 115 is substantially cylindrical in shape, but some of the
dimensions can vary (e.g., have an oblong shape) along its length.

[0059] In the cross-sectional plane 255, positioned close to the distal end 242
of the fastening device 115, the width 250 of the fastening device 115 is slightly
larger than the height 251 of the fastening device 115. For example, the width 250 of
the fastening device 115 can be approximately 1.045 inches, while the height 251 of
the fastening device 115 can be approximately 1.000 inches. In other words, the
width 250 of the fastening device 115 can be approximately the same as the width 284
of the aperture 282 of the engagement feature 135, and the height 251 of the fastening
device 115 can be less than the height 283 of the aperture 282 of the engagement
feature 135. Put another way, the portion 210 of the fastening device 115 can have an
oblong (width is different than the height) shape. The portion 210 of the fastening
device 115 that corresponds to cross-sectional plane 255 can be positioned within the
aperture 282 of one of the engagement features 135 of the enclosure body 104.

[0060] In the cross-scctional planc 257, positioned closc to the proximal cnd
232 of the fastening device 115, the width 253 of the fastening device 115 is slightly
larger than the height 254 of the fastening device 115. For example, the width 253 of
the fastening device 115 can be approximately 1.045 inches, while the height 254 of
the fastening device 115 can be approximately 1.000 inches. In other words, the
width 253 of the fastening device 115 can be approximately the same as the width 284
of the aperture 282 of the engagement feature 135, and the height 254 of the fastening
device 115 can be less than the height 283 of the aperture 282 of the engagement
feature 135.

[0061] In such a case, the portion 214 of the fastening device 115 can have an
oblong shape. The portion 214 of the fastening device 115 that corresponds to cross-
sectional planc 257 can be positioned within the aperture 282 of the other of the
engagement features 135 of the enclosure body 104. If the size of the apertures 282 in
the engagement features 135 of the enclosure body 104 are different from each other,
than the width 253 and the height 254 of the cross-sectional plane 257 in portion 214
of the fastening device 115 can be different from the width 250 and the height 251 of

the cross-sectional plane 255 in portion 210 of the fastening device 115.
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[0062] In the cross-sectional plane 256, positioned toward the middle 212 of
the fastening device 115, the width 252 of the fastening device 115 is substantially the
same as the height 258 of the fastening device 115. For example, the width 252 of the
fastening device 115 can be approximately 1.000 inches, and the height 258 of the
fastening device 115 also can be approximately 1.000 inches. In other words, the
width 252 of the fastening device 115 can be less than the width 294 of the aperture
292 of the engagement feature 125, and the height 258 of the fastening device 115 can
be substantially the same as the height 293 of the aperture 292 of the engagement
feature 125. The portion 212 of the fastening device 115 that corresponds to cross-
sectional plane 256 can be positioned within the aperture 292 of the engagement
feature 125 of the enclosure cover 102.

[0063] In certain example embodiments, the proximal end of the fastening
device 115 includes, or is, a cap 232. The cap 232 of the fastening device 115 can
have a width and/or a height that exceeds any width and height of the remainder of the
fastening device 115. In addition, or in the alternative, the cap 232 can have a width
and/or a height that exceeds the width and height of the aperture 282 of the
engagement feature 135. Conscquently, the cap 232 cannot enter into the aperture
282 of the engagement feature 115. Thus, the cap 232 can control, to some extent, the
lateral position of the fastening device 115 relative to the aperture 282 of the
engagement feature 135 and the aperture 292 of the engagement feature 125.

[0064] In certain example embodiments, the keyhole 222 of the fastening
device 115 can be disposed at one or more points along the length of the fastening
device 115. For example, as shown in Figure 2D, the keyhole 222 can be positioned
between the portion 210 and the portion 214, approximately halfway along the length
of the fastening device 115 in portion 212. The location of the keyhole 222 can
correspond to an oblong portion or a non-oblong (symmetrical) portion of the
fastening device 115.

[0065] If the fastening device 115 includes morc than one keyhole 222, then
the engagement feature 125 and/or the engagement feature 135 can include more than
onc keyway 128. When the fastening device 115 is positioned laterally within the
aperture 282 of the engagement feature 135 and within the aperture 292 of the
engagement feature 125, then the keyhole 222 of the fastening device 115 can be
aligned with a keyway (e.g., keyway 127, keyway 128) disposed in the engagement

feature 125 or the engagement feature 135. For example, when the fastening device
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115 is inserted into the aperture 282 and the aperture 292 until the cap 232 abuts
against the outer-most engagement feature (in this example, engagement feature 135),
then the keyhole 222 of the fastening device 115 can be aligned within a keyway 128.
As a result, the keyhole 222 can be accessible in the keyway when the fastening
device 115 is mechanically coupled to the engagement feature 125 and the
engagement feature 135.

[0066] By rotating the keyhole 222 within a keyway (e.g., keyway 127,
keyway 128), the fastening device 115 can be moved between an engaged position
and a disengaged position relative to the engagement feature 125 and the engagement
feature 135. The keyhole 222 can be rotated with or without the use of a tool. For
example, a tool is used to engage the keyhole 222 and move (in this case, rotate) the
fastening device 115. In such a case, the tool fits in the keyhole 222 to provide the
leverage to needed to move the fastening device 115. Each fastening device (e.g.,
fastening device 114, fastening device 115) can be made of one or more of a number
of suitable materials. Examples of such materials can include, but are not limited to, a
high strength alloy (e.g., stainless steel), titanium, and ceramic.

[0067] Each kcyhole 222 of the fastening device 115 can have onc or morce of
a number of shapes and features, and can be located at any point along the length of
the fastening device 115. In addition to the example of the keyway 222 shown and
described above in Figure 2D, another example of a keyway 222 can be a slot that is
disposed on the outer surface of the cap 232. In such a case, a tool in the form of a
flat-head screw driver can be used to move (e.g., rotate, slide) the fastening device
115 using the keyway 222. In order to limit the rotation of the fastening device 115,
as an example, the cap 232 can be shaped with a combination of curved surfaces (as
shown in Figure 2D) and flat surfaces. When the outer surface of the engagement
feature 135 includes one or more protruding and/or recessed features (not shown),
then the rotational movement of the fastening device 115 can be limited.

[0068] As another cxample of a keyway 222, a hexagonal aperture (not
shown) can be disposcd on the outer surface 242 of the distal end of the fastening
device 115. In such a case, a hex-head wrench can be used as a tool to move (e.g.,
rotate) the fastening device 115 using the keyway 222. In order to limit the rotation
of the fastening device 115, as an example, the cap 232 can be shaped with a
combination curved surfaces (as shown in Figure 2D) and flat surfaces. As with the

above example, when the outer surface of the engagement feature 135 includes one or
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more protruding and/or recessed features (not shown), then the rotational movement
of the fastening device 115 can be controlled. As illustrated by these examples, the
keyway 128 can be an optional feature of the enclosure 100. In certain example
embodiments, the fastening device 115 must move (e.g., rotate, slide) a minimum
amount in order for the fastening device 115 to reach the engaged position and/or the
disengaged position.

[0069] Figures 3A and 3B show perspective views detailing various
components of the example fastening feature 110 of Figures 1A-2D in accordance
with certain example embodiments. Specifically, Figure 3A shows a perspective view
that details the interaction of the fastening device 115 and the engagement feature
135. Figure 3B shows a cross-sectional perspective view that details the interaction
of the fastening device 115 and the engagement feature 125. In one or more
embodiments, one or more of the features shown in Figures 3A and 3B may be
omitted, added, repeated, and/or substituted. Accordingly, embodiments of a
fastening feature should not be considered limited to the specific arrangement of
components shown in Figures 3A and 3B.

[0070] The fastening device 115 (and, thus, the fastening feature 110) of
Figures 3A and 3B is shown in the disengaged position. Referring to Figures 1A-3B,
the fastening device 115 is positioned within the cavities 282 of the engagement
feature 135 and the cavities 292 of the engagement feature 125. The distal end 242 of
the fastening device 115 is visible. Because the portion 210 and the portion 214 of
the fastening device 115 are oblong (the widths 250 of the portions 210, 214 of the
fastening device 115 are different than the height 251 of the portions 210, 214 of the
fastening device 115), and because the apertures 282 in the engagement feature 135
are circular (the widths 284 of the apertures 282 are substantially the same as the
heights 283 of the apertures 282), there is a gap 382 within the apertures 282 between
the engagement feature 135 and the portions 210 and 214.

[0071] In this case, the width 250 of the portions 210, 214 of the fastening
device 115 is substantially the same as the width 284 of the aperture 282, and the
height 251 of the portions 210, 214 of the fastening device 115 is less than the height
283 of the aperture 282. Therefore, the gap 382 can appear at the top (as shown in
Figure 3A) and/or the bottom of the fastening device 115. If the fastening device 115
is rotated by 90° (i.e., moves to the engaged position), then the gap 382 appears on

one or both sides of the fastening device 115.
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[0072] With respect to the interaction between the fastening device 115 and
the aperture 292 of the engagement feature 125, as shown in Figure 3B, a gap 392 can
also appear within the apertures 292 between the fastening device 115 and the
engagement feature 125. In this case, the portion 212 of the fastening device 115 is
substantially circular. In other words, the width 252 and the height 258 of the portion
212 of the fastening device 115 are substantially the same. The apertures 292 of the
engagement feature 125, however, are oblong. In this case, the width 294 of the
apertures 292 is greater than the height 293 of the apertures 292.

[0073] Consequently, when the fastening device 115 is in the disengaged
position, as shown in Figure 3B, the gap 392 appears on one or both sides of the
fastening device 115. In other words, the width 294 of the apertures 292 is greater
than the width 252 of the portion 212 of the fastening device 115, while the height
293 of the apertures 292 is substantially the same as the height 258 of the portion 212
of the fastening device 115. If the fastening device 115 is rotated by 90° (i.e., moves
to the engaged position), then the gap 392 continues to appear on one or both sides of
the fastening device 115.

[0074] Figurcs 4A-5B show how movement of the fastening device 115 (and,
thus, the fastening feature 110) from the disengaged position (shown in Figures 4A
and 4B) to the engaged position (shown in Figures 5A and 5B) creates and maintains
the flame path 169 between the enclosure cover 102 and the enclosure body 104.
Specifically, Figures 4A and 4B show a vertical cross section and a horizontal cross
section, respectively, of an enclosure 400 with the fastening feature 110 in the
disengaged position. Figures 5A and 5B show a vertical cross section and a
horizontal cross section, respectively, of the enclosure 500 with the fastening feature
110 in the engaged position. In one or more embodiments, one or more of the
features shown in Figures 4A-5B may be omitted, added, repeated, and/or substituted.
Accordingly, embodiments of enclosures with example fastening features should not
be considered limited to the specific arrangement of components shown in Figures
4A-5B.

[0075] Referring to Figures 1A-5B, when the fastening device 115 is in the
disengaged position, as shown in Figures 4A and 4B, the fastening device 115 is
positioned within the cavities 282 of the engagement feature 135 and the cavities 292
of the engagement feature 125. The distal end 242 of the fastening device 115 is
visible. As explained above, the portion 210 and the portion 214 of the fastening
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device 115 is oblong (the widths 250 of the portions 210, 214 of the fastening device
115 are different than the heights 251 of the portions 210, 214 of the fastening device
115). Since the apertures 282 in the engagement feature 135 are circular (the widths
284 of the apertures 282 are substantially the same as the heights 283 of the apertures
282), there is a gap 382 within the apertures 282 between the engagement feature 135
and the portions 210 and 214.

[0076] With the fastening device 115 in the disengaged position, the gaps 382
(shown in Figure 4A) within the apertures 282 between the engagement feature 135
and the portions 210 and 214 of the fastening device 115 are located below (as in this
case) and/or above the fastening device 115. The gaps 382 exist at this location
because the height 251 of portion 210 and the height 254 of portion 240 are less than
the heights 283 of apertures 282 (as shown in Figure 4A), while the width 250 of
portion 210 and the width 253 of the portion 214 are substantially the same as the
widths 284 of the apertures 282 (as shown in Figure 4B).

[0077] Similarly, the gaps 392 (shown in Figure 4B) within the apertures 292
between the engagement feature 125 and the portion 212 of the fastening device 115
arc located to onc (as in this casc) or both sidcs of the fastening device 115, The gaps
392 exist at this location because the width 252 of portion 212 is less than the width
294 of apertures 292, while the height 258 of portion 212 is substantially the same as
the height 293 of the apertures 292.

[0078] When the fastening device 115 is moved (e.g., rotated, slides), the
fastening feature 115 appears as shown in Figures SA and 5B. In this example, the
fastening device 115 can be moved to the engaged position by inserting a tool (not
shown) into the keyhole 222, accessible using the keyway 128, and rotating upward
by approximately 90°. When this occurs, the various widths and heights of portions
of the fastening device 115 change place to become heights and widths, respectively.
For example, the width 250 and height 251 of portion 210 when the fastening device
115 is in the disengaged position becomes the width 251 and height 250 of portion
210 when the fastening device 115 is in the engaged position. The designation of the
widths and heights of the apertures for the engagement feature 125 and the
engagement feature 135 do not change, regardless of the position (engaged,
disengaged) of the fastening device 115.

[0079] Therefore, with the fastening device 115 in the engaged position, the
gaps 382 (shown in Figure 5B) within the apertures 282 between the engagement
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feature 135 and the portions 210 and 214 of the fastening device 115 are located on
one side (as in this case) or both sides of the fastening device 115. The gaps 382 exist
at this location because the width 251 of portion 210 and the width 254 of portion 240
are less than the widths 284 of apertures 282 (as shown in Figure 5B), while the
height 250 of portion 210 and the height 253 of the portion 214 are substantially the
same as the heights 284 of the apertures 282 (as shown in Figure 5A).

[0080] Similarly, the gaps 392 (shown in Figure 5B) within the apertures 292
between the engagement feature 125 and the portion 212 of the fastening device 115
continue to be located on one or both sides of the fastening device 115. The gaps 392
exist at this location because the height 252 of portion 212 is substantially the same as
the height 293 of apertures 292 (as shown in Figure 5A), while the width 258 of
portion 212 is less than the width 294 of the apertures 292 (as shown in Figure 5B).
[0081] When the fastening device 115 (and, thus, the fastening feature 110) is
moved into the engaged position, the fastening device 115, with its oblong features,
combines with apertures 282 and 292 (along with its oblong features, if any) push the
engagement feature 135 (and, thus, the flange 132) of the enclosure body 104 upward,
while also pushing the engagement feature 125 (and, thus, the flange 122) of the
enclosure cover 102 downward. Thus, the fastening device 115, when in the engaged
position, push the flange 122 and the flange 132 toward each other, creating and
maintaining the flame path 169 in compliance with regulations and/or standards that
apply to enclosures in explosion-proof and/or other hazardous environments. In
addition, the fastening device 115 (and, thus, the fastening feature 110) remains
locked in the engaged position (held in place by friction) until a user, with the aid of a
tool that is designed to work with the keyhole 222, moves (e.g., rotates) the fastening
device 115 out of the engaged position into the disengaged position.

[0082] In certain example embodiments, the fastening device can have one or
more features (e.g., ramps) that can cause the cover and body to converge (form the
flame path between the cover flange and the body flange) by merely inserting the pin,
without rotation or in addition to rotation. Such features of the fastening device can
also be enabled and/or retracted by performing an action (e.g., pushing a button on the
fastening device, moving a lever, moving the fastening device a certain distance
within the apertures 282).

[0083] Figures 6A and 6B show various views of an explosion-proof

enclosure 600 with another example fastening feature 610 in accordance with certain
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example embodiments. Specifically, Figure 6A shows a perspective view of the
explosion-proof enclosure 600, and Figure 6B shows a cross-sectional perspective
view of the explosion-proof enclosure 600. In one or more embodiments, one or more
of the features shown in Figures 6A and 6B may be omitted, added, repeated, and/or
substituted. Accordingly, embodiments of enclosures with example fastening features
should not be considered limited to the specific arrangement of components shown in
Figures 6A and 6B.

[0084] The enclosure 600 of Figures 6A and 6B is similar to the enclosure 100
of Figures 1A-1D in that the flange 622 of the enclosure cover 602 can include at least
one beveled edge, in this case, beveled edge 623. Similarly, the flange 632 of the
enclosure body 604 can include at least one beveled edge, in this case, beveled edge
633. When the enclosure cover 602 is coupled to the enclosure body 604, the surface
of the beveled edge 623 is mated against the beveled edge 633. However, the
enclosure 600 has the fastening features 610, as described below, instead of the
fastening features 110 of Figures 1A-1D.

[0085] Referring to Figures 1A-6B, in this example, the enclosure 600
includes a number of fastening fecaturcs 610 disposcd around the perimeter of the
enclosure 600. Each fastening feature 610 includes a cover portion 625 and a body
portion 635. Each cover portion 625 can extend from the outer edge (the flange 622)
of the enclosure cover 602. In certain example embodiments, each cover portion 625
can extend from the outer perimeter of the central portion 620 of the enclosure cover
602. The cover portion 625 of the fastening feature 610 can extend from the central
portion 620 of the enclosure cover 602 so that the cover portion 625 is planar with the
central portion 620.

[0086] Alternatively, the cover portion 625 of the fastening feature 610 can
extend from the central portion 620 of the enclosure cover 602 at an angle (e.g., 90°).
As another alternative, as shown in Figures 6A and 6B, the cover portion 625 of each
fastening feature 610 can be an cxtension that protrudes from the outer perimeter of
the central portion 620 of the enclosurc cover 602. In such a case, and the cover
portion 625 can be oriented at an angle (e.g., 90°) relative to the central portion 620 of
the enclosure cover 602.

[0087] In certain example embodiments, the cover portion 625 of each
fastening feature 610 includes a base 681 and an extension 682 that extends from one

side of the distal (e.g., bottom) end of the base 681. The extension 682 can extend
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from a side of the base 681 at any of a number of angles (e.g., 90°). The extension
682 can have a linear or planar outer surface, as shown in Figures 6A and 6B.
Alternatively, the extension 682 can have one or more of a number of other shapes,
with various contours for the outer surface of the extension 682. For example, the
extension 682 can be a radial or cam surface. The size, shape, and/or contour of one
extension 682 can be the same as or different than the other cxtensions 682. When
there are multiple cover portions 625 disposed on the central portion 620 of the
enclosure cover 602, each extension 682 extends from the same side (in the same
direction) from each corresponding base 681.

[0088] Each body portion 635 can extend from the outer edge (the flange 632)
of the enclosure body 604. In certain example embodiments, each body portion 635
can extend from the outer perimeter of the flange 632 of the enclosure cover 602. As
shown in Figures 6A and 6B, the body portion 635 of the fastening feature 610 can
extend from the flange 632 of the enclosure body 604 so that the body portion 635 is
planar with the side wall of the enclosure body 604.

[0089] Alternatively, the body portion 635 of the fastening feature 610 can
cxtend away from the side wall (e.g., flange 632) of the enclosurc body 604 at an
angle (e.g., 90°). As another alternative, the body portion 635 of each fastening
feature 610 can be an extension that protrudes from the side wall of the enclosure
body 604. In such a case, and the body portion 635 can be oriented at an angle (e.g.,
90°) relative to the side wall of the enclosure body 604.

[0090] In certain example embodiments, the body portion 635 of each
fastening feature 610 includes a base 671 and an extension 672 that extends from one
side of the distal (e.g., top) end of the base 671. The extension 672 can extend from a
side of the base 671 at any of a number of angles (e.g., 90°). The extension 672 can
have a linear or planar outer surface, as shown in Figures 6A and 6B. Alternatively,
the extension 672 can have one or more of a number of other shapes, with various
contours for the outer surface of the extension 672. For example, the extension 672
can be a radial or cam surface. In any case, the extension 672 is configured to create
an interference with the extension 682 of the cover portion 625, creating a downward
force on the enclosure 602 cover and/or an upward force on the enclosure body 604.
In other words, the interference created between the extension 672 and the extension
682 is material to cause narrowing of the flame path 669. The size, shape, and/or

contour of one extension 672 can be the same as or different than the other extensions
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672. When there are multiple body portions 635 disposed on the enclosure body 604,
each extension 672 extends from the same side (in the same direction) from each
corresponding base 671.

[0091] In certain example embodiments, the positioning and orientation of the
body portion 635 of the fastening feature 610 is complementary to the cover portion
625. For cxample, if the cover portion 625 of cach fastening feature 610 is an
extension that protrudes from the outer perimeter of the central portion 620 of the
enclosure cover 602, where the extension 682 protrudes from the left side of the base
681 at an angle of 100°, then the body portion 635 of the fastening feature 610 can
extend from the flange 632 of the enclosure body 604 so that the body portion 635 is
planar with the side wall of the enclosure body 604, where the extension 672
protrudes from the right side of the base 671 at an angle of 100°. In this way, the
body portion 635 can interlock with the cover portion 625 by rotating the enclosure
cover 602 in a clockwise direction and/or the enclosure body 604 in a counter-
clockwise direction.

[0092] The width of the extension 682 and the base 681 (in terms of
horizontal displacement if the extension 682 extends from the base 681 at an angle
other than 90° and/or if the base 681 extends or protrudes from the central portion 620
at an angle other than 90°) can be less than the space between adjacent body portions
635, as measured from the horizontal displacement of the distal end of extension 672
of one to body portion 635 to the horizontal displacement of the edge of the base 671
of the adjacent body portion 635. Similarly, the width of the extension 672 and the
base 671 (in terms of horizontal displacement if the extension 672 extends from the
base 671 at an angle other than 90° and/or if the base 671 extends or protrudes from
the side wall of the enclosure body 604 at an angle other than 90°) can be less than the
space between adjacent cover portions 625, as measured from the horizontal
displacement of the distal end of extension 682 of one to cover portion 625 to the
horizontal displacement of the edge of the basc 681 of the adjacent cover portion 625.

[0093] If there arc multiple cover portions 625 disposcd on the enclosure
cover 602, such cover portions 625 can be spaced equidistantly from cach other.
Alternatively, the space between adjacent cover portions 625 can vary. Similarly, if
there are multiple body portions 635 disposed on the enclosure body 604, such body
portions 635 can be spaced equidistantly from each other. Alternatively, the space

between adjacent body portions 635 can vary. In any case, the disposition of cover
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portions 625 on the enclosure cover 602 can correspond to the disposition of body
portions 635 on the enclosure body 604. In certain example embodiments, the
number of body portions 635 is different than the number of cover portions 625. The
number, spacing, shape, size, and contour of the body portions 635 and the cover
portions 625 can require a particular orientation of the enclosure cover 602 relative to
the enclosure body 604 when the enclosure cover 602 couples to the enclosure body
604. Alternatively, the number, spacing, shape, size, and contour of the body portions
635 and the cover portions 625 can be such that no particular orientation of the
enclosure cover 602 relative to the enclosure body 604 is required when the enclosure
cover 602 is coupled to the enclosure body 604.

[0094] When each cover portion 625 of the fastening features 610 is disposed
in each body portion 635 of the fastening features 610, the enclosure cover 602 can be
secured to the enclosure body 604 by rotating the enclosure cover 602 and/or the
enclosure body 604 in such a way that the extension 672 is drawn toward the
extension 682 (put the fastening features 610 in an engaged position). In such a case,
the extension 672 and the extension 682 abut against each other. As a result, if the
angle between the cxtension 672 and the basc 671 (and, nccessarily, the angle
between the extension 682 and the base 681) is obtuse, a downward force is applied to
the enclosure cover 602 relative to the enclosure body 604. Consequently, the proper
flame path 669, which begins inside the cavity 650 where the beveled edges 623, 633
of the cover flange 622 and the body flange 632, respectively, meet, is realized.

[0095] To decouple the enclosure cover 602 from the enclosure body 604 (put
the fastening features 610 in a disengaged position), one or both can be rotated in such
a manner that the extension 672 separates from the extension 682 (i.e., in the opposite
direction used to couple the enclosure cover 602 to the enclosure body 604). In
certain example embodiments, the enclosure cover 602 and/or the enclosure body 604
can include one or more features (e.g., notches, slots, recesses) disposed on an outer
surfacc that can assist a user, with or without the usc of a tool, in coupling and/or
decoupling the enclosure cover 602 and the enclosurc body 604.

[0096] In certain example embodiments, the extension 672 and/or the
extension 682 can include one or more features (e.g., ridges, notches) on the surface
facing the opposing extension to maintain the enclosure cover 602 and the enclosure
body 604 in a coupled position. In addition, or in the alternative, one or more wedges

(not shown) can be inserted into the gap 691 that remains between the base 681 and
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the base 671 when the enclosure cover 602 is coupled to the enclosure body 602. If
there are multiple wedges, such wedges can be separate, discrete pieces, or pieces that
are coupled to each other by a common joining element.

[0097] The example fastening device (and, thus, potentially the fastening
feature) can also have other features, shapes, and/or sizes than those shown and
described above. For cxample, the fastening device can be one or more of a number
of bolts that are disposed within an aperture that traverses all of the cover flange and
at least a portion of the body flange. In such a case, with the beveled edges of the
cover flange and the body flange, respectively, could reduce the number of fastening
devices needed to create and maintain the flame path between the cover flange and the
body flange.

[0098] As another example, the fastening device can be a hinged clamp, such
as is used with a number of pressure cookers. In such a case, the fastening device can
be a separate piece, independent of the enclosure cover and the enclosure flange.
Alternatively, the fastening device can be mechanically (e.g., hingedly, rotatably)
coupled to the cover flange and/or the body flange. The cover flange and/or the body
flange can also includc onc or morc featurcs (e.g., tabs, cxtensions) for receiving and
securing the fastening device. Again, the beveled edges of the cover flange and the
body flange, respectively, could reduce the number of fastening devices needed to
create and maintain the flame path between the cover flange and the body flange.
[0099] Figures 7A-7C show top views of various enclosures and enclosure
systems with which example fastening features can be used in accordance with certain
example embodiments. Specifically, Figure 7A shows a top view of an example
enclosure 700. Figure 7B shows a top view of another example enclosure 701.
Figure 7C shows a top view of yet another example enclosure 702. In one or more
embodiments, one or more of the features shown in Figures 7A-7C may be omitted,
added, repeated, and/or substituted. Accordingly, embodiments of enclosures with
cxample fastening features should not be considered limited to the specific
arrangement of components shown in Figures 7A-7C.

[00100] Referring to Figures 1A-7C, the fastening features, such as those
shown and described in Figures 1A-5B, are not shown to simplify the drawings.
However, although not shown, each enclosure cover (e.g., enclosure cover 702,
enclosure cover 711, enclosure cover 722) shown in Figures 7A-7C includes one or

more engagement feature and, in some cases, other components of an example
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fastening feature described herein. Similarly, although not shown, cach enclosure
body (e.g., enclosure body 704, enclosure body 714, enclosure body 731) shown in
Figures 7A-7C includes one or more engagement feature and, in some cases, other
components of an example fastening feature described herein.

[00101] In Figure 7A, the enclosure 700 includes an enclosure cover 702 that is
circular from a top view (as with the enclosure cover 102 shown in Figures 1A-5C).
The enclosure body 704 of Figure 7A can have a square or other rectangular form
from a top view, which can give the enclosure body 704 a cuboid shape. In certain
example embodiments, the enclosure body 704 can have any of a number of other
non-circular (from a top view) shape. In any case, the opening into the cavity of the
enclosure body 704 (or more specifically, the flange of the enclosure body 704) can
have a shape that is substantially similar to the flange of the enclosure cover 702.
Further, while this enclosure 700 shows the enclosure cover 702 positioned
substantially in the center of the top surface of the enclosure body 704, the enclosure
cover 702 can be positioned at any other point on the top surface (or any other
surface) of the enclosure body 704.

[00102] In Figure 7B, there are multiple (in this case, three) enclosure covers:
Enclosure cover 710, enclosure cover 711, and enclosure cover 712. Each of the
enclosure covers of the enclosure 701 in Figure 7B is mechanically coupled to one
enclosure body 714. Again, cach of the enclosure covers is circular when viewed
from above. The enclosure body 714 in this case is rectangular from a top view, and
the enclosure covers are positioned substantially equidistantly from each other in a
line along the width of the enclosure body 714. Again, the enclosure body 714 can
have any of a number of other shapes when viewed from above.

[00103] In any case, the multiple enclosure covers can be positioned in any
arrangement on one or multiple surfaces of the enclosure body 714. Again, each
opening into the cavity of the enclosure body 714 (or more specifically, the flange of
the enclosure body 714) can have a shape that is substantially similar to the flange of
the corresponding enclosure cover. Further, while the size of the enclosure covers
shown in Figure 7B are substantially the same size and shape, the size and/or shape of
cach enclosure cover can vary relative to each other.

[00104] Figure 7C shows an enclosure system 702 that includes multiple (in
this example, four) enclosures that are substantially similar to the enclosure 700

shown above in Figure 7A. Specifically, enclosure 705 includes enclosure cover 720
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and enclosure body 730. Enclosure 706 includes enclosure cover 721 and enclosure
body 731. Enclosure 707 includes enclosure cover 722 and enclosure body 732.
Enclosure 708 includes enclosure cover 723 and enclosure body 733.

[00105] In this example, each enclosure in the enclosure system 702 is
connected to each other using joining feature (e.g., conduit) or some similar coupling
component. Joining fecature can allow for the transfer of cables, conductors, and/or
other wires between adjoining enclosures. Here, joining feature 741 is mechanically
coupled to enclosure 705 and enclosure 706. Joining feature 742 is mechanically
coupled to enclosure 706 and enclosure 707. Joining feature 743 is mechanically
coupled to enclosure 707 and enclosure 708. Joining feature 740 is mechanically
coupled to enclosure 705 and enclosure 708.

[00106] In certain example embodiments, when a joining feature is a separate
piece that is mechanically coupled to one or more enclosures, the joining feature
forms a flame path with each enclosure to which the joining feature is mechanically
coupled. If a joining feature is formed from a single piece (as from a mold) with one
or more enclosures, then there is no flame path because there is no penetration
through the enclosure or joining feature that provides a path to the exterior of the
enclosure or joining feature. The size and/or shape of cach enclosure cover and/or
enclosure body, the number enclosures, the arrangement of the joining features, the
spacing of the enclosures, and/or other aspects of the enclosure system 702 can vary
from those shown in Figure 7C.

[00107] Example embodiments of fastening devices for explosion-proof
enclosures resist explosion and/or hydrostatic forces by maintaining a flame path
where the cover flange and the body flange are coupled. Further, using the example
fastening features (including example fastening devices) described herein and other
embodiments of these example fastening features allows for efficient and effective
coupling and/or decoupling of the cover and the body of an explosion-proof
enclosure. Further, using example embodiments of fastening features for explosion-
proof enclosures allows the flame path to comply with one or more standards and/or
regulations for explosion-proof enclosures.

[00108] Example embodiments include beveled flanges for the enclosure cover
and enclosure body. By having beveled flanges, the gap that forms the flame path is
reduced. In addition, the beveled flanges provide self-alignment between the

enclosure cover and the enclosure body. Using example fastening features with

29



CA 02923852 2016-03-09

WO 2015/038806 PCT/US2014/055237

beveled flanges, the required force applied by the fastening features is reduced.
Further, the amount of material used for the enclosure cover and/or the enclosure
body can be reduced, saving costs and material, while still complying with one or
more standards and/or regulations for explosion-proof enclosures.

[00109] Accordingly, many modifications and other embodiments set forth
hercin will come to mind to onc skilled in the art to which fastening devices for
explosion-proof enclosures pertain having the benefit of the teachings presented in the
foregoing descriptions and the associated drawings. Therefore, it is to be understood
that fastening devices for explosion-proof enclosures is not to be limited to the
specific embodiments disclosed and that modifications and other embodiments are
intended to be included within the scope of this application. For example, a fastening
device does not need to include a bracket and/or a cam. Although specific terms are
employed herein, they are used in a generic and descriptive sense only and not for

purposes of limitation.
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What is claimed is:

1. An enclosure comprising:

a top enclosure portion comprising a central portion, a top flange, and a first top engagement
feature, wherein the first top engagement feature is a planar extension of the central portion, wherein the
central portion has a thickness defined between a top surface and a bottom surface of the central portion;

a bottom enclosure portion mechanically coupled to the top enclosure portion, wherein the bottom
enclosure portion comprises a bottom flange that mechanically couples to the top flange and a first bottom
engagement feature that mechanically couples to the first top engagement feature; and

a first fastening device mechanically coupled to the first top engagement feature and the first
bottom engagement feature, wherein the first fastening device has a length disposed substantially
perpendicular to the thickness of the central portion of the top enclosure portion, wherein the first
fastening device rotates about the length between an engaged position and a disengaged position with
respect to the first top engagement feature and the first bottom engagement feature,

wherein the first fastening device, in the engaged position, creates and maintains a flame path
between the top flange and the bottom flange,

wherein the first fastening device, in the disengaged position, fails to maintain the flame path
between the top flange and the bottom flange,

wherein the flame path provides an uninterrupted path, from within a cavity formed by the top
enclosure portion and the bottom enclosure portion toward an ambient environment outside of the cavity,
along which one or more gases from within the cavity cool as the one or more gases travel from within
the cavity toward the ambient environment outside of the cavity, and

wherein the top enclosure portion and the bottom enclosure portion, when coupled to each other

by the first fastening device, contain an explosion that originates within the cavity.

2. The enclosure of claim 1, wherein the bottom flange comprises at least one beveled edge, and

wherein the top flange comprises at least one complementary beveled edge.

3. The enclosure of claim 2, wherein the at least one complementary beveled edge is disposed

within a bottom surface of the top enclosure portior.

4. The enclosure of claim 1, wherein the top enclosure portion further comprises a second top
engagement feature, and wherein the bottom enclosure portion further comprises a second bottom

engagement feature that mechanically couples to the second top engagement feature.
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5. The enclosure of claim 4, wherein the second top engagement feature is disposed on a

substantially opposite end of the top enclosure portion than the first top engagement feature,

6. The enclosure of claim 4, further comprising: a second fastening device mechanically and

movably coupled 1o the second top engagement feature and the second bottom engagement feature.

7. The enclosure of claim 1, wherein the first fastening device comprises a first oblong section
positioned toward a distal end of the first fastening device and a second oblong section positioned toward

a proximal end of the first fastening device.

8. The enclosure of claim 7, wherein the first fastening device further comprises a cap disposed at
the proximal end, wherein the cap controls a lateral position of the first fastening device relative to the

first top engagement feature and the first bottom engagement feature.

9. The enclosure of claim 8, wherein the first fastening device further comprises a keyhole disposed

between the first oblong section and the second oblong section.

10. The enclosure of claim 9, wherein the first top engagement feature comprises a keyway, wherein
the keyhole is accessible in the keyway when the first fastening device is mechanically coupled to the first

top engagement feature and the first bottom engagement feature.
11. The enclosure of claim 10, wherein the keyway allows the keyhole to rotate less than 360°.

12. The enclosure of claim 11, wherein rotation of the keyhole in the keyway moves the first

fastening device between the engaged position and the disengaged position.

13. The enclosure of claim 12, wherein the rotation of the keyhole in the keyway is performed using a

tool that fits into the keyhole.

14. The enclosure of claim 1, wherein the first top engagement feature comprises at least one first
aperture, wherein the first bottom engagement feature comprises at least one second aperture that aligns
with the at least one first aperture when the top enclosure portion is mechanically coupled to the bottom

enclosure portion.
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1S. The enclosure of claim 14, wherein the at least one second aperture comprises a pair of second
apertures, wherein the first fastening device is disposed within the at least one first aperture and the pair
of second apertures, wherein the first fastening device comprises a first oblong section and a second

oblong section that are disposed within the pair of second apertures.

16. The enclosure of claim 1, wherein the top enclosure portion is substantially circular when viewed
from above.
17. The enclosure of claim 1, wherein the top enclosure portion is one of a plurality of top enclosure

portions, wherein each of the plurality of top enclosure portions is mechanically coupled to the bottom

enclosure portion.

18. An enclosure system, comprising:

a first enclosure, wherein the first enclosure comprises:

a first top enclosure portion comprising a first top central portion, a first top flange, and a first top
engagement feature, wherein the first top engagement feature is a first planar extension of the first central
portion, wherein the first top central portion has a first thickness defined between a first top surface and a
first bottom surface of the first top central portion;

a first bottom enclosure portion mechanically coupled to the top enclosure portion, wherein the
first bottom enclosure portion comprises a first bottom flange that mechanically couples to the first top
flange and a first bottom engagement feature that mechanically couples to the first top engagement
feature; and

a first fastening device mechanically coupled to the first top engagement feature and the first
bottom engagement feature, wherein the first fastening device has a first length disposed substantially
perpendicular to the first thickness of the first top central portion of the first top enclosure portion,
wherein the first fastening device rotates about the first length between an engaged position and a
disengaged position with respect to the first top engagement feature and the first bottom engagement
feature,

wherein the first fastening device, in the engaged position, maintains a first flame path between
the first top flange and the first bottom flange, and

wherein the first fastening device, in the disengaged position, fails to maintain the first flame path
between the first top flange and the first bottom flange,

wherein the first flame path provides a first uninterrupted path, from within a first cavity formed

by the first top enclosure portion and the first bottom enclosure portion toward an ambient environment
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outside of the first cavity, along which one or more first gases from within the first cavity cool as the one
or more first gases travel from within the first cavity toward the ambient environment outside of the first
cavity, and

wherein the first top enclosure portion and the first bottom enclosure portion, when coupled to
each other by the first fastening device, contain a first explosion that originates within the first cavity;

a second enclosure, wherein the second enclosure comprises:

a second top enclosure portion comprising a second top central portion, a second top flange, and a
second top engagement feature, wherein the second top engagement feature is a second planar extension
of the second central portion, wherein the second top central portion has a second thickness defined
between a second top surface and a second bottom surface of the second top central portion;

a second bottom enclosure portion mechanically coupled to the second top enclosure portion,
wherein the second bottom enclosure portion comprises a second bottom flange that mechanically couples
to the second top flange and a second bottom engagement feature that mechanically couples to the second
top engagement feature; and

a second fastening device mechanically coupled to the second top engagement feature and the
second bottom engagement feature, wherein the second fastening device has a second length disposed
substantially perpendicular to the second thickness of the second top central portion of the second top
enclosure portion, wherein the second fastening device rotates about the second length between the
engaged position and the disengaged position with respect to the second top engagement feature and the
second bottom engagement feature,

wherein the second fastening device, in the engaged position, maintains a second flame path
between the second top flange and the second bottom flange, and

wherein the second fastening device, in the disengaged position, fails to maintain the second
flame path between the second top flange and the second bottom flange,

wherein the second flame path provides a second uninterrupted path, from within a second cavity
formed by the second top enclosure portion and the second bottom enclosure portion toward the ambient
environment outside of the second cavity, along which one or more second gases from within the second
cavity cool as the one or more second gases travel from within the second cavity toward the ambient
environment outside of the second cavity, and

wherein the second top enclosure portion and the second bottom enclosure portion, when coupled
to each other by the second fastening device, contain a second explosion that originates within the second

cavity; and
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a joining feature mechanically coupled to the first enclosure and the second enclosure, wherein
the joining feature forms a third flame path with the first enclosure and a fourth flame path with the

second enclosure.

19. The enclosure system of claim 18, wherein the joining feature is a conduit.
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