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(57) Abstract: An enclosure system that can include a hazardous location, enclosure having at least one wall forming a cavity. The
enclosure system can also include a temperature- sensitive component, positioned within the cavity. The enclosure system can fur-
ther include a measuring device configured to measure a temperature within the cavity of the hazardous location enclosure. 'The en-
closure system can also include a climate control device configured to change the temperature within the cavity. The enclosure sys -
tem can further include a controller operatively coupled to the climate control device and the measuring device,, where the controller
controls the climate control device to change the temperature within the cavity of the hazardous location enclosure.
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PROGRAMMABLE TERMPARATURE CONTROLLER FOR HAZARDGUS
LOCATION ENCLOSURES

CROSS-REFERENCE TO RELATED APPLICATIONS

{0881} This application claims priority under 35 US.CL §119 o Unlted States
Provisional Pateni Application Serfal Number 61/692870, titled “Programmable
Temperature Controlier for Hazardous Location Enclosure”™ and {iled on August 24, 2012,
the entire contents of which are hereby incorporated herein by reference.

HI I The present application is also related to U.S. Patent Application No.
13/331.331 filed on Decomber 20, 2011, and entitled “Controfling Airflow Within an
Explosion-Proof Enclosure™ in the names of Joseph Michael Manghan and Graig b

DeCarr, the entive contents of which are hereby incorporated hergin by reference.

TECHNICAL FIELD
{8003} The present discloswre relates gencrally to controlling temperature within a
hasardous location enclosute, and more particularly o systems, methods, and devices for
controlting heating and cooling devices to coutrol temperature within ay explosion-proct
enclosure, ncluding heat-producing equipment, heai-sensitive equipment, and cold-

sengitive aquipnent,

BACKGROUND

HEHIRY Hazardous location housings {eg, cxplosion-proof receptacle housings)
and enclosure systens are used in many different industrial applications. Such hazardous
lecation housing and enclosure systems may be used, tor example, in military apphications,
onboard ships, assembly plants, power planis. o1l refinenes, pei_m_whﬁimi{:.mi plants, and
other harsh environments, At timesy, the eguipment located inside such hazardous location

bousing and enclosure systems are used to control motors and other industrial equipment.

EHUNY Tradittonal motor starters and related cquipment fail to provide adequate
torque oontrol and result i excessive wear on the motor and asseciated eguipment,

instead, variable frequency drives {(VFIIS) are often used in place of traditional motor
starters. However, VFDs tend to penerate heat and are subject o failure when exposed to
excessively high temperatures caused by the heat loss. In addition, VEDs and other

equipment inside sach an enclosure can fail or operate at a reduced performance level at

ol
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severely cold temperatures. A common practice to reduce heat-related and cold-related
problems is to remove the VFD to ¢ remote location so that an explosion-proot receplace
housing and enclosure system is not required, allowing proper cooling of the VFD during
operation. However, installation costs may increase and operational problems may resolt

from mcreased lne losses from the added distance that signals between the VFD and the

related squipment nust travel.

SUMMARY

-~

{686} In general. in one aspect, the disclosure refates to an enclosure system. The
enclosure system can inchude a hazardous location enclosure having at least one wall
forming a cavily.  The enclosure system can also include a temperature-sensitiva
component positioned within the cavity. The enclosure system can further mclude a
measuring devies configured 1o measure a tewperature within the cavity of the hazardous
focation enclosure.  The encloswre system can also include a climate control device
configured to chaunge the temperature within the cavity. The enclosure system can furiher
iclude a controller operatively coupled to the climate control devics and the measuring
device, where the controller controls the climate control device to change the temperature
within the cavity of the hazardouns location enclosure.
{86871 In anether aspect, the disclosure can penerally relate o a method for
controlling temperatire within a hazardous location enclosure. The method can melude
receiving a first inpot signal generated by & measuring device, where the first input signal
corresponds to a first temperature within the interior of the hazardous location enclosure.
The method can also include determining, based on the first input signsl and nsing a
hardware processor. that the first temperatwe is owiside an operating range of
terperatures. The method can further include sending, based on determining that the first
temperature {3 outside the operating range of temperatures, a fivst operating signal 1o a
climate control devive within the hazardous location enclosure. The first operating sigual
can operate the climate control device to change the fivst temperature,
EHET] In yet another aspect, the disclosure can generally relate to a controller,
The controdler can include memory that stores software instmetions for operating at loast
one chimate contrel device disposed in a hazardous location enclosure. The controller can
alse include a storage repository that stores temperature threshold values, operating data

for the at least one temperatre control device, and operating parameters. The controller

]
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can further include a hardware processor communicably coupled o the memory and the
storage vepository, where the memory excentes, based on the temperature threshold
values, the sofiware nstrachions.

{06097 These and other aspects, objects, features, and embodiments will be

g description and the appended claims,

o

apparent from the followin

BRIEF DESCRIPTION OF THE DRAWINGS

{0818} The drawings lustrate only example embodiments of  controtling
teraperature within a hazardous location enclosure and are therefore not to be considered

{imiting of its scope, as the disclosure may admit to other equally effective embodiments.

Yod

he elements and festures shown in the drawings are not necessarily to seale, emphasis
insterst being placed upon clearly illustrating the principles of the example embodiments.
Additionally, certain dimensions or positionings may be exagperated to help visually
convey such principles.  In the drawings, reference numerals designate like or

corresponding, but not necessarily 1dentical, eloments.

{1 1 Figures | and 2 show harardous Jocation enclosures iix which one or more
example embodiments of controlling airflow may be implemented.

612 Flgure 3 shows a gvstem for controlling temiperature that inchades a
comtratler in accordance with one or more example embodiments,

0613 Figure 4 shows g systens for conirolling lemperature within a hazardous
location enclosure in accordance with one or more example embodiments,

{00 14] Figure § shows a flowchart of a method for controlling temperature within

a hazardous location enclosure tn accordance with one or more example embodiments.
REIERY: Pigure 6 shows a computing device in accordance with ong or more

example embodiments,

DETAILED DESCRIPTION

{801 6] Example embodiments of controlling temperature within a hazavdons
location enclosure will now be described in detait with reference to the accompanying
figures. Like elements in the varipus figures are denoted by like reference numerals for

consistency.
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{817} in the following detailed description of example embediments of
controlling temperature within a hazardons location enclosure, numerous specific details
are set forth in order to provide s wore thorough understanding of controlling temperature
within a hazardous location enclosure. However, it will be apparent to one of ordinary
skill in the art that cmm‘olimg temperature within a harardous location enclosure may be
practiced without these specific details, In other instances, well-known features have not
been described in detall to avold unnecessarily complicating the deseniption. Further,

cerfain descriptions {e.g., top, bottom, side, end, Interfor, inside) are merely intended to
help clarity aspects of controlling temperature within a hazardous tocation enclosure and
are not meant to Himit embodiments of controlling temperature within a hazavdous location

enclosure,

{3181 In general, example embodiments of controlling temperature within a
havardous location enclosure provide systems, methods, and devices for using a heater

andfor an air moving device to regulate temperature within a hazardous lecation enclosure
to heat cold-sensitive components andfor to cool heat-sensitive components within the
enclosure, Specifically, certailn example embodiments of controlling temperature within a
hazardous location enclosare provide for using a controller to operate an air moving
device and/or a heater 1o regulate fomperature swithin the enclosure. As vsed hevain, the
terms “device™ and “component™ can he used interchangeably,

o019 Example embodiments deseribed hereln are directed to hazardous focation
enclosures, As defined herein, a havardous location is any location where the enclosure
can be exposed to extrems conditiony, Extrame conditions can include, but are not Hmited
to, high temperatures, low temperatures, femperatare fluctuations, corroston, humidity,
chemicals, vibrations, and dust. The example enclosures discussed herein can be one or
more of a punber of different types of suclosures, including but not limited to explosten-
proot enclosures, junction boxes, control panels, Hghting panels, motor control centers,
switchgear cabingts, relay cabinets, and/or any other tvpe of enclosure that can be used
comjunction with example emabodiments of controlling temperatare within the enclosure.
JOB2H A user may be any person that interacts with the haxardous location
enclosure or equipment controtied by one or more components of the hazardous location
enclosure, Specifically, 4 user may progra, operate, andfor nterface with one or more
components (e.2., a controler) assoctated with controlling temperature within g hazardoos

location enclosure. Examples of a user may include, but are not limited to, an engineer, i
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slectrician, an instrumentation and cowntrvols technician. a mechanic, an operalor, &
consultant, a contractor, and a mannfacturer’s representative.

21 in one or more exanmple embodiments, the temperaturs-sensitive
components inside the hazardous location enclosuwre are any components that experience
reduced performance and/or faihure when exposed to high and/or low temperatures during
operation. A component may include, but is not Umited to, one or more of a device (e.g.,
VED, sensor, control panel, ciroult board, refay), a tevminal, cable, wiving, a swilch, a
handle, an indicating light, a duct, and conduit,

{8622} In some cases, 3 temperature-sensitive component such as a VED generates
heat when operating, where the heat radiates mto the intevior of the hazardous location
enclosare to raise the temperature inside the hazardous location enclosure. In addition, or
in the aliernative, other components not sengitive to temperatares generate heat within th
hazardous location enclosure to raise the temperature nside the harardous location
enclosure,  In some cases, external factors {e.g, sub-zero temperatures owtside the
havzardons location encloswre) can affect the femperature yuside the harardous location
enelosure.

{8023 In one or more example embodiments, the hazardons location enclosure 15
an explosion-proot onclosure (also known as a flame-proot encloswre).  An explosion-
proot enclosure is an enclosure that s condigured to contain an explosion that eriginates
insice the encloswre, Furthor, the explosion-proct cnclosure is configured to allow gases
from inside the enclosure to escape across joints of the enclosure and cool as the gases exit
the explosion-proot enclosure. The joinis are also known as flame paths and exist where
two surfaces meet and provide a path, from inside the explosion-proaf enclosure to outside
the explosion-proof enclosure, along which one or more gases may travel, A jomnt may be

a nrating of any two or more surfaces. Hach swrface may be any tvpe of swriace, inclnding

but not limited to a flat surface, g threaded surface, and g servated sorface.
{0244 In one or more example embodiments, a havardous location enclosure iy

subiect to meeting cortarn standards andfor reguirerents. Por example, the NEMA sets
standards with which an enclosure must comply in order to qualify as an explosion-proof
enclosurs, Spectfically, NEMA Type 7, Type 8 Type 9, and Type 10 enclosures sot

standards with which an explosion-prool enclosure withiy a hazardous location must

comply. For example, a NEMA Type 7 standard applies to enclosures constructed for

indoor use 1n certadn hazardous locations. Harardous locations may be defined by one or
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more of a rumber of authorities, including but not Hmited to the Mational Electric Code
ez, Class 1, Division I} and Underwriters” Laboratories, Inc (UL) {e.g. UL 1203). bor
example, a Clags 1 hazardous arca under the National Electric Code is an area i which
farmable gases or vapors may be present in the air dn sufficient quantities to be

explosive,

1025 As a speeific example, NEMA standards for au explosion-proof enclosure
of a certain size or range of sizes mway 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 camnot exceed (0013 inches.
Standards created and maintained by NEMA may be found at www nema.org/stds and are
hereby incorporated by reference,

326 Figures 1 oand 2 depict an explosion-proof enclosare 100, a type of

sl
s

P

hazardous Iocatton enclosure, in which one or more example embodiments of controlling
temperatare within a hazardons location enclosure may be implemented. In one or more
sxample smbodiments, one or more of the components shown in Figures 1 and 2 may be
omitted, repeated, and/or substitgted.  Accordingly. examiple embodiments of a hazardous
location enclosure shounld not he considered limited to the specific arangements of
componeists shown in Figoures 1 and 2

{8027} Referring now to Figure 1, an example of a hazardous location enclosure
100 in a closed position is shown. The enclosure cover 102 s secured to the enclosure
body 124 by a number of fastening devices 118 located at & number of points around the
perimeter of the enclosure cover 102, In one or more example smbodiments, a fastening
device 118 may be one or more of a numaber of fastening devices, including but not limited
to a bolt (which may be coupled with & mut), a serew (which may be coupled with & wat),

and a clamp. lo addition, ope or more hioges 116 are secured (0 ons side of the enclosure

cover 102 and a comrgsponding side of the enclosure body 124 so thal, when all of the
fastening devices 118 are removed, the enelosure cover 102 may swing outward {ie., an

open position) from the enclosure body 124 using the one or more hinges 116, In one or
more example embodments, there are no hinges, and the enclosure cover 102 18 separated
from the enclosure body 124 when all of the fastening devices 118 are removed.

{0628} The enclosure cover 102 and the enclosure bedy 124 may be made of any

suitable material, including metal {e. g, alloy, staindesy steel), plastic, some other material,

-6 -
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or any combination thereof. The enclosure cover 102 and the encloswee bady 124 may be
made of the same material or different materials,

{6629} In one or more example embodiments, on the end of the enclosure body
124 opposite the enclosure cover 102, one or more mounting brackets 120 are affixed to
the exterior of the enclosure body 124 o facilitate mounting the enclosure 100, Using the
mounting brackets 120, the enclosare 100 may be mounted to ong or more of a number of
surfaces andfor elements, including but not Himited to a wall, a costrol cabinet, a cement
block, an Hbeam, and a U-bracket

{034 The enclosure cover 102 may include one or more features that allow for
user interaction while the enclosure 100 i3 sealed in the closed position.  As shown in
Figure 1, one or more indicating Hghts (e g, indicating light 1 106, indicting light 2 108}
may be located on the enclosare cover 102, Fach indicating light may be used o indicate
a statas of a feanure or process associated with equipment tonside the enclosure 100, For
example, an indicating Hght may show a constant green Hght if a motor controlled by a
YVFD inside the enclosure 100 is operating.  As apother example, an indicating light may
flash red when a motor controlled by a VED inside the enclosure 100 has a problem (e.g.,
tripped circuit, VD overheals, overcurrent sitiation). As another example, an indicating
light may show g constant red hght when a controller {deseribed below with respeet 10

i

“dgure 3) that controls the temperature inside (within the cavity of} the enclosure 100

i

deteets a temperaturs outside an operating range of temperstures,  An indicating light may
be made of one or more materials (e g, glass, plastic) using one or more different hghting
sources {e.g.. Hght-emitting diode (LED), incandescent bulb),

3831} in one or more example embodiments, the enclosure cover 102 may also
include g switch handle 112 that allows a user o operate a switeh (not showny located
inside the hazardous location enclosure 100 while the hazardeus location enclosuwe 110 i
closed. Those skilled in the art will appreciate that the switch handle 112 may be used for
aryy type of switch, Hach position (e g, OFF, ON, HOLD, RESET) of the switch may be
indicated by a switch position imndicator 114 posttioned adjacent to the switeh handle 112
on the outer surface of the enclosure cover 102, A switch assoctated with the switch
handle 112 and the switeh pesition indicator 114 may be used to cloctrically andior
mechanically solate, andfor change the mode of operation of, one or more components
wstde or assoctted with the harardous location enclosure 100, For cxample, the switch

-
7

handle 112 may point to “OFF” on the switeh position indieator 114 when a disconnect
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switeh located inside the harardous location enclosure 100 is disengaged. o such a case,
all equipmment located inside the harzardous location enclosure 100, as well as the
equipment {e.g, a motor) controlled by the equipment located inside the hazardons
Iocation enclosure 100, may be without power,
{HIRR Referring now to Figore 2, an example of s hazardous location enclosure
100 in an open posttion in accordance with one or more example embodiments i3 shown,
The havardous lncation enclosire 100 is in the open position because the enclosure cover
(not shown) is not secured to the enclosure body 124, The hinges 116 attached to the left
side of the enclosure body 124 are also attached to the lelt side of the enclosure cover,
which is swung outward from the enclosure body 124, Becanse the hazardous location
enclosure 100 i in the open position, the components of the hazardous location enclosure
100 ave accessible to a user,
{0633 As described sbove with respect to Figure 1, the suclosure body 124
includes two or more mounting brackets 120, In addition, i one or more example
gmbodiments, the encloswrs body 124 hwludes an enclosure engsgement surface 210,
against which the enclosure cover 102 meets when the hazardous location enclosure 100 is
1 the closed position. A number of fastening device apertures 220 are shown around the
enclosure engagement surface 210, where each of the fastening device apertures 220 are
configored to receive a fastening device 118 that traverses through the enclosure cover
102, ag deseribed above with respect to Figare 1. The number of fastening device
apertures 220 may vary, depending on one or more of a number of factors, including bul
not limited to the stze of the fastening deviee apertares 220, a standard that the hazardous
location enclosure 100 meets, amd the type of fastening device 118 used. The number of
fastening devide apertures 220 may be zero.
{0034} Iy one or more example embodiments, the hazardous Jocation suclosure
100 of Figure 2 includes a mounting plate 282 that is affixed to the back of the cavity 202
{also called the intevior) of the havardous location encloswre 100, The mounting plate 282
may be configured to receive one or more components such that the one or wore
conmponents are allixed 1o the mounting plate 282, The mounting plate 282 may inclnde

one or more apertures configured to receive securing devices that may be used to affix a

component to the mounting plate 282, The mounting plate 282 may be made of any
suitable material, including but not limited to the material of the suclosure body 124, In

one or more example embodiments, some or all of the one or more components may be

- ¥
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mounted directly 1o an inside wall of the hazardous location enclosure 100 rather than to
the mounting plate 282,

{(335] in one or more example embodiments, a VFD 206 s affixed to the
meunting plate 282 in the vavity 202 of the hazardous location enclosure 100, The VED
206 may include any cotponents used to deive & motor and/or other device using variable
control signals for controlled starts, stops, andior operations of the motor andfor other
devices. Examples of components of a VFI include, but are not limited to, discrete
relays, a programmable logic vontreller (PLY, o programmable logie relay (PLR), ap
uninterruptible power supply (UPS), and a distributed control system (DCS). n one or
more example embodiments, one or more components of the VFD may replace the VED.
For example, the VED ray be substitated by one or more PLCs, one or more PLRs, one or

more UPSs, one or more DUSS, and/or other heat-generating components,

{8361 In one or more example embodiments, a swiich 208 15 allixed 1o the
mounting plate 282 in the cavity 202 of the havardons Incation enclosure 100, The switch

208 may be configured 1o electrically and/or wmechanically isolate, and/or change the mode
of operation of, one or move components located inside the hazardeus location enclosure
160 and/or one or more components located outside the hazardons location enclosure 100,
The switch 208 may be any tvpe of switch, including but not Hmited to a disconnect
switch, a test switch, a reset switch, an indicator switch, and a relay switch, For example,
the switch 208 may be a disconnect switch that is used to cut off power to all components
in the hazardous location enclosure 100 and all devices Jocated ontside the gyplosion-
proof enclosure 100 that are controlled by the components side the harardous tocation
enclosure 1L As another example, the switch 208 may be a bypasa switch that 18 used 1o
deactivate a protection scheme (e g, a relay) or some other particudar component or group
of components located tnside the hazardous Incation suclosure 100

{08371 The switch 208 may further be confipured to receive, through mechanical
aalfor electrical means, a directive to change states (eg, open, closed, hold) from g
component located on the encloswre cover. Por example, il the enclosure cover 102
mncludes a switch handle (as described above with respect to Figure 1), then a switch
handle shaft 2327 may extend from the switeh handle through the enclosure cover 182 to a
switch coupling 230 of the switch 208, When the harardous location enclosure 100 13 in

the closed position, the switch handle shall 232 couples with the switch coupling 238, and

-9 .
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switch 208 may be operated by operating the switch handle located outside the hazardous
location enclosure, as deseribed above with respeet to Figure 1.

H03&] In one of more example embodiments, one or more relays (e.g., relay 212}
are aftixed to the mounting plate 282 in the cavity 202 of the hazardous focation enclosurs
100, A relay 212 may control one or more operations of one or more comaponents located
i, or associated with, the hazardous location enclosure 100, Speafically, a relay 212
may, through one or more relay comacts, allow clectrical current to flow andfor stop
clectrical current from flowing to one or more components in the hazardous location
enclosure 100 based on whether a coil of the relay 212 is energized or not. For example, i
the cotl of the relay 212 iy energized, then a contact on the relay way be closed o allow
current to How to energize a motor. The relay 212 may be activated based on a timer, a
current, a vollage, some other suitable activation method, or any combination thereof. The

relay 212 may also be configured 1o emit a signal when a condition has cccurred.  For

example, the relay 212 may flash a red lght to indieats that the VFD 206 is in an alavm

Aate,
{0339 In one oy more example embodiments, wiring terminals 214 are atfixed to

the mounting plate 282 in the cavity 202 of the hazardous location enclosure 100, Wiring
terminals 214 ave a seties of terminals where one terminal is electrieally connected to at
least one other {erminal o the series of terminals while remaiming electrically wolated
from the remaining terminals in the series of terminals.  In other werds, two or more
terminals among the serfes of ferminals act as g junction point where mulliple wives may
be electrically connected through the joined terminals.

RHIELH In one or more example embodiments, one or mwore entry holes 216 may
extend through one or more sides (e.g, bottom) of the enclosure body 124, Fach entey
hole 216 muy b configured o allow cables andfor wiring for power, comred, and/or
communications to pass through from outside the hazardous location enclosare 10D 1o one
or more components inside the harardous location enclosure 100, An entry hole 216 may
be joined with a conduit and coupling from outside the hazardous location enclosure 160

to protect the cables andfor wiring received by the entry hole 210 and to help maintain the

integrity of the hazardous location enclosure 100 through the entry hole 216
180411 Frgure 3 shows s block diagram of a syster 300 that wmeludes a controller

=y
Fan)

306 in accordance with certam example embodiments,  The controller 306 of Figure 3

R

includes a hardware processor 320, memory 326, an application interface 324, a storage

- 18-
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repository 330, and an optional security module 340, In one or more example
embodiments, one or more of the compeonents shown in Figwe 3 may be omitted.
repeated, andfor substituted,  Accordingly, example embodiments of a system having a
controller should not be constdered Hmited to the specific arrangements of components
shown in Figure 3.

{06421 Referring to Figures 1-3. the controller 306 is operably and communicably
eoupled to one or more climate control devices 302, A climate control device 302 is any
device that can change the temperature (heating, cooling) in the cavity 202 of the
enclosure 100, A climate control device 302 can include, but 13 not linuted to, the air
moving device 310 (which can include the air moving deviee controilor 324, if apphicable),

the heater 380 {which can mclude the heater controller 382, i ap_piicabk:ﬁ}, g heat

exchanger, a thermoelectric generator, and a thermoelectric cooler. In certain example
embodiments, a climate control device 302, sueh as a thermoslectric cooler, can both heat
and cool the cavity 202 of the enclosure 100,

{043} The controller 306 may alse communicate with other compounents {#.g. a
mieasuring device 340, the switeh 408, squipment to adiust the baffle 426 {deseribed below
with respect to Figure 43) and/or a user 350, Conununication with the user 350 may be
conveved divectly (e g, an indieating hight or display screen mounted on the exterior of the
door of the hazardous location enclosure 402 andfer indirectly {2 g, sending a signal o a
control roonm where the communication is conveyed).

HIREY In certain example embodiments, the controller 306 determines when a
temperature (ay received from g wmeasuring deviee 340} within the cawvity 202 of the

uh fexceeds a

2

enclosure 402 (described below with respect to Figure 43 s too I
temperature threshold 342 or too fow (falls below a temperature thresheld 342). Based on
sich determination, the controller 306 can operate anddor control a chimate control devics

AN -
302 (2.,

&Y

. the alr moving device 310 and/or the heater 380) to bring the temperature of the
cavity 202 of the enclosure 402 within o termperatare range that does not exceed or fall
below a tomperature threshold 342, The tomperature thresholds 342 can bownd a range of
temperatures that can be referred to as an operating range of temperatures, A temperaturs
threshold 342 15 a value that can have o or more of a mumber of forms, including but not
limited to a number, a percentage, an increment, and a change,

{45 For each component (e.g., alr moving deviee 310, heater 380 operably and

compmunicably coupled o the controller 306, the controlter 306 and such components

-1l -
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communicate using commands (signals), Specifically, the controller 306 can send signals
i, and/or receive signals from, each component. The signals sent between the controlier
306 and a component ean include, but are not limited to, commands, information, requests,

nstructions, stalus, and data, The controller 306 can communicate with each component

through hard-wires andfor a wireless inferface.
[8046] A signal generated by the controller 306 for a component can be based on 2

signal received from the same anddor a ditferent compouent. For example, the controller
306 can receive a signal from a measuring device 340 to commanicate that the
temperature in the cavity 202 of the enclosure 402 i outside the operating range of
temperatures. In such a case, the controller 306 can gonerate and send a signal to the
heater 380 and/or the alr woving device 310 to operate so that the temperature of the

gavity 202 of the enclosure 402 falls back within the operating range of temperatures. As
gnother example. the controller 306 can control the operation of a batfle witlun the

T
{

nclosure 402 to adjust the temperature within the encloswre 402, In addition, or 1n the
alternative, o signal generated by the controller 306 for a component can be based on one
or mote of a nwnber of other factors, including but not Hmited o a lapse of time,
dd shiment of a switch, and loss of power.

10471 in coertain example embodiments, one or more signals generated and sent by
the controller 346 to a component can be based on determining whether one or more
temperature threshokds 342 has been swpassed. A temperature threshold 342 can be a
high temperature or & low temperature, There can be muluple temperature thresholds 342,

for a high temperatire andior a low temperature, Such temperature thresholds 342 can be

stored in the storage repository 330 (described below).
[HMH] (}ptioneﬁiy‘, in certain example embodiments, the controller 306 i also

operably and communicably coupled to one or more temperature-sensitive devices 390, In
such a case, the controller 306 can send one or more signals to a lemperature-sensitive
device 390 1o alter the operation of the temperature-sensitive device 398, For example, if
the temperature-sensitive device 390 18 a VED that is operating within the cavity 202 of
the enclosure 402, and if a signal received from a measuring device 340 indieates that the
temperature within the cavity 202 of the enclosure 402 exceads a maximum tenmperature
threshold 342, the controller 306 can send a signal to the VED to reduce power or turn oft
that the VFI does not generate as mach heat, At the same tme, or at a different time

.-\

{previously or subsequently}, the controller 336 may send a different signal to one or more
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climate contrel devices (e g, the air moving device 310) as a different way to lower the
teraperature within the cavity 202 of the enclosure 402,
9] In certaln example embodiments, the controller 306 sets andf/or adjusts one
ar move thresholds 342, Tn such a case, the controfler 306 can set and/or adjust a threshold
342 hased on the occwrrence of certain events {e.g. number of times a threshold 342 i
excesded in a period of time), based on an algorithm embedded in the software stored in
memory 326, andfor based on some other factor.  The controller 306 can use hysteresis
(fearn based on historical data) to set andfor adjust a terperature threshold 342, as well as
adjust operating times and levels of a climate contrel device 302, Altempatively, or in
addition, a temperature threshold 342 can be set andfor adjusted by a user 350,
LHERTH As used herein, a threshold 342 {sometimes called a teruperature threshold
342} can he any limil thar triggers an event by the contreller 306, For example. a
threshold 342 can canse the controller 306 to control a chimaie control device 302, while a

different threshold 342 can vause the coutroller 306 to stop controlling a climate control

device 302, A threshold 342 can be associated with a femperatare, an amount of time,
and/i any other suitable measurable factor
{0651} The controller 306 can operate the climate control devices 302 so that such
climate control devices 302 do not “flicker” on and off when the temperature of the cavity
202 of the enclosure 402 18 at or near a temperaipre threshold 342, For example, the
controller 306 can operate an air moving device 310 when the temperature of the cavity
202 is measured by a measwring device 340 1o be 707°C, which cquals a temperaturs
threshold 342, In such a case, the controller 306 can continue fo operate the air moving
evice 310 wtil the temperature of the cavity 202 s measwred by a measuring deviee 340
to be 60°C, which eguals another temperature threshold 342, The controller 306 woukd be
inactive with respect 1o operating the air moving device 310 until the temperature of the
cavity 202 13 again measured by a meastwing device 340 1o be 70°C.
{8053} The example controller 306 can operate one or muore climate control
devices 302 using duty cycling. {n other words, the controller 306 can turn on and off g
climate control device 302 1 such a way as to balance between reducing andfor stopping
operations of the climate control device 302 o extend the operating life of the climate
control device 302 and maimtaining a safe operating temperature for the tomperature-
sensitive devices 380 withim the cavity 202 of the enclosure 402, Using duty eoveling can

also improve data monitoring and acquisition, as well as help with determining preveuntive
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maintenance needs. In certain example ervbodiments, the controlier 306 can also, or in the
alternative, operate one or more lemperatare~sensitive devices 390 using duty cyeling.
The duty eveling used by the controller 306 to operate a climate control device 302 and/or
a temperature-sensitive device 390 can be driven by hysterests,

HHIRRY The controlier 306 can also track the usage history 334 of a componer,
fracks and updates the operating parameters 338 of a component, commuanicates the usage
history 344 and/or operating parameters 338 of a component {as to a user 358), determines
when maintenance of a component is needed based on the usage history 334 and operating
parameters 338 of the component, andfor performs any other suitable function with respect

to a component based on the usage history 334 and/or operating parameters 338 of the
component,

{054} The signals sent by the controller 306 1o a component can be for power
and/or contral, In cortain example embodiments, each signal sent by the controller 306 to
a component is of the appropriate level, frequency, language, and protocel to be received
and understood by such component.  The controller 306 can operate continnously or
periodically nsing external power andfor a battery {not shown} glectrically coupled to the
controller 306,

{6551 In certain example cmbodiments, the controller 306 operates over a broad
range ol texaperatnres within the cavity 202 of the enclosure 402, For example, the
¢ontrolier 300 can operate when the temperature within the cavity 202 of the enclosure
402 s between -20°C and -40°C. As another example, the coniroller 306 can operata
when the teraperature within the cavity 202 of the enclosure 402 1s up to 70°C.

{80561 Optionally, the example controller 306 can include a solid state relay {(not
shown) that can diveetly control {in Hew of 2 local controller, such as the heater controlier
382% one or more components that operate at one or more of a nwnber of vollages (v.g.,
480V alternating current (AC), 600 VAC, 230 VAC, 380 VAC) and/or currents.  In other
words, the relay can receive and deliver an opersting tine voltage and/or current divectly
the component, rather than using direct current or an AC control voltage (e.g, 120 VAC,
24 VAC) For example, if the heater 380 operates on 480 VAU, the controller 306 can use

the solid state relay to turn the heater 380 on and off andfor 10 control the heat oniput of
the heater 380, In suweh a vase, the heater controller 382 can be omitied from the heater

380,

I S N
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10037} In one or more example embodiments, the controller 306 is implomented

according to a clisnt-server topology.  The controller 306 can correspond to enterprise

software running On ne or more 5, and in some embodiments may be implemented
as g pesr-to-peer sysiem, or resident upon a single computing system.  In addition, the

controller 306 may be accessible from other machines using one or more application
progranming interfaces and/or user interfaces (not shown}  In one or more example
enthodiments, the controller 306 may be accessible over a network comnection {(not
shown), such as the Intornet, by one or more users 350, Further, information andfor
services provided by the controller 306 may alse be stored and accessed over the network
connection.

{0B58] Alternatively or additionally, in one or more example embodiments, the
controtfer 306 is a local compuier system of the user 3530, In such embodiments, the
controller 306 s, optionally, not implemented wsing a client-server topology.  For
example, the controller 306 corresponds o a laptop computer, desktop computer, mobile
device, another type of computing device, or a combination of multiple computing
devives. Addittonally or alternatively, the controller 306 iz a distributed computer system
and/or a multi-processor computer system in which the computer system ineludes multiple
distinet computing devices,

LEIRSY The example storage repository 330 is a persistent storage device {or set of
devices) that stores software and data used o assist the controller in selecting a bit for a
ficld operation.  In one or more example smbodiments, the storage repository 338 stores
asage history 334 of a component (including the alr woving device 310 and the heater
3800, operating parameters 338 of a component, and thresholds 342, Examples of a
storage reposttory 330 include, bl are not Hosited to, a database {or a number of
databases), a file system, g hard drive, some other form of data storage, or any suitable
combination thereof. The storage repository 330 s located on niultiple phvsical machines,
cach storing all or a portion of the usage history 334, operating pavarneters 338, and
thresholds 342 according to some example embodiments. Each storage unit or device can
he physically tocated in the same or a different geographic location,

F3G68] Continoing with Figure 3, the hardware processor 320 of the controller 306
execuies software in sccordance with one or more ombodiments of the invention
Specifically, the hardware processor 320 executes software mstructions to operate the

controdler 306 and/or any of the components {including the air moving device 310 and the

«~15-
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henter 380Y, as well as software used by the uger 3500 The hardware processor 320 18 an
integrated circuit, @ central processing unit, a multi~core processing chip, a multi-chip
modale including multiple multi-core processing chips, or other hardware processor 220
one or more example embodiments.  The hardware processor 320 is known by oth
pames, including but not Hmited fo a compufer processor, a mMIiCroprocessor, a
microcontroller, and a multi-core processor.

{0661 fn one or more embodiments of the invention, the hardware processor 320
execuies software instructions stored in memory 326, The memory 326 includes ong or
more cache memories, main memory, and/or any other suitable type of memory. The
memory 326 s diseretely located within the controller 306 relative tw the hardware
progessor 320 according 1o some example smbodiments.  In certain configurations, the
memory 326 can be miegrated with the hardware processor 326,

{80621 Optionally, it one or more example embodiments, the security module 340
secures intoractions between the controller 306 and the user 3530, More specifically, the
security modale 340 authenticates communication from software based en security keys
verifying the identity of the sowrce of the communication. For example, user software
may be associated with a seowrity key cnabling the nser software to inleract with the
controller 306, Further, the security module 340 restricts receipt of information, requests
for information, and/or aecess to information in some example embodiments,

{H063) The user software mteracts with the controller 306 using 8 user miertace
In this case, the user inferface maintains an active session with the controller 306 after the
security modale 340 has anthenticated the aser sofiware. For example. the wser interface
continnes to interact with the controller 306 gs the user 350 views various content w the

wser softvvare, In this example, the user mierface recelvey notifications from the controlier

306 Tor presenting o the user 350,
{0864} Figure 4 shows an example system 400 of a hazardous location enclosure

402 1 which temperature s controlled 1o sccordance with one or more example
embodiments. o one or more example embodiments. one or more of the components
shown i Figure 4 may be omitted, repeated, andfor substituted,  Accordingly, example
embodiments of 8 sysiery using a controller should not be considered limited to the
specific arrangements of components shown in Figure 4. Features shown but not

described and/or labeled in Figure 4 are described andfor labeled above with respect to
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{65 Referring o Figures -4, the enclosure 402 includes an example controller
306 located within the cavity 202 {also called a cavity), where the cavity 202 is defined by
the walls of the enclosure 402, In one or more exarople embodiments, the cavity 202 of
the hazardous location enclosure 402 s a single region.  Alternatively, the cavity 202 of
the hazardous location enclosure 402 may be divided into two or more rogions. Such
divisions of the cavity 202 can be installed in conjunction with an air moving device 310
and/or heater 380 1o better control the temperature instde the cavity 202, In such a case, &
haftle 426 can be used to divide the cavity 202 of the enclosure 402 into multiple regions,
[6866] fn one or more example embodiments, a baftle 426 s inserted within the
cavity 202 of the explosion-proof enclosure 402, The baffle 426 may be configured to
separate the first region 420 (e, the high temperature portion of the cavity 202 of the
hazardous location enclosure 402 from the sccond region 422 (ie, the low temperature
portion of the cavity 202 of the harardous lecation enclosurs 402). For example, as shewn
in Figure 4, the cavity 202 of the hazardous location enclosure 402 is divided into a first
region 420 and a second region 422, The baftle 426 may te made of any material {e.g.
metal, plastic) and in any dimensions {e.g., length, width, thickness, shape) switable o
provide a physical barvier between the first region 420 and the second region 422 within
the cavity 202 of the hazardeus location enclosure 402,
{0067} The baftle 426 may be positioned within the cavity 202 of the hazardous
fogation enclosure 402 on a side of the aiy moving device 310 proximate o the second
region 422, In this example, the baffle 426 is positioned just below the aiv moving deviee
310 and the wy I‘Ili'ﬂ-”i.i’ig device controller 324 fo separate the first region 420 from the
congd region 422, The baltle 420 can be adjustable andfor refractable {e.g., rotating
fouvers) so that there iz only a single region rather than two or more separat regions
within the hazardous location enclosure 402, I such a case, the baffle 426 can be
adiusted and/or retracted by the controller 306,
{38681 Cienerally, the awr moving device 310 13 used o lower the temperature
mside the cavity 202 and the heater 380 15 used o increase the temperatwre inside the
cavity 202, The first region 420 may have an equal or higher temperature than the sceond
region 422 while one or more components within the cavity 202 of the harardous location
wlosure 402 are operating. The alr moving device 310 and the air moving device
controller 324 shown in Figure 4 are located in the first region 420, Further, the VFD 404

shown in Figure 4 is located in the second region 422
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{6064} In one or more example embodiments, an alr meving deviee 310 18
positioned within the interior of the hazardeus location enclosure 402, The air moving
device 310 may be a blower, & fan, or some similar deviee that is configured to move a.
Ry moving air within the hazardous location enclosure 402, the temperature within the
hazardous location enclosure 402 can be changed. The anr moving device 310 may
include a motor that is used to control the flow of alr {e.g, exhaust air} within the
hazardous location enclosure 402

{00761 The air moving device 310 may move air inside the bazardous location
enclosure 402, Speeifically, the alr moving device 310 may draw intake air from outside
the hazardous location enclosure 402, move intake aiv andfor exhaust aly within the
hazardous location enclosure 402, andfor remove exhaust gir from the interior of the
hazardous location enclosure 402, The air moving device 310 may drive a differeniial

presae within the intenior of the harardous location enclosure 402 to create the air flow,

il The air moving device 310 may draw intake atr from outside the hazardons
location enclosure 402 through one or wore intake apertures 1 the hazardous {ocation

enclosure 402, In one or more example embodiments, an air intake filter assembly 414 43
incorporated into the one or more intake apertures in the hazardous location enclosare 402,
Specifically, the air intake filter assembly 414 may be conpled 1w an intake aperture in a
wall of the bazardous location enclosure 402, In one or more examnple embodiments, the
intake aperture in the wall of the hazardous location enclosure 402 is located m, or
adjacent to, the second region 422 of the interior of the hazardous focation enclosure 402,
{08721 in one or more example embodiments, the air intake filter assembly 414 18
configured o remove contaminants from the Mtake alr ag the inteke air passes from
outside the harardous location enclosure 402 to the cavity 202 of the hazardous location
enclosure 402, The alr intake filter assembly 414 may also be configured 10 cool the
infabe aiv as the intake air passes from outside the hazardous focation enclosure $2 o the
interior of the hezardeus location enclosure 402, The air intake filter assembly 414 (and
its components) may be coupled (o the hazardous location enclosure 402 in such a way,
andd assembled fosach a way, as to meet the standards requured for an hazardous location
enclasure, The air intake fller assembly 414 may include a sintered filter.

{73} In one or more example embodiments, the air intake filter assembly 414
includes one or more other components {e.g, a heal exchanger, copper mesh) that are

3

coupled to the air intake filter assembly 414 o help cool the intake air. For example, the
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air intake fiter assembly 414 may include a heat exchanger for cooling the intake air
before the intake air is brought into the vavity 202 of the hazardous location enclosare
402, As another example, the air intake filter assembly 414 may include a thermoelectric
cooler for coaling the intake air,

{6074 Each air intake filter assembly 414 may be configured in one of a number
of different ways. In one or more example embodiments, the air intake filter assembly 414
is confignred to fnclude at least one cavity, where a filter (e.g. sinteved waterial) couples
to each cavity, In example embodiments where an aly intake filter assembly 414 includes
multiple cavities, more air flow (fe., a higher rate of air Jowing per unit time) may be
possible compared to an afr intake filter assembly 414 with only a single cavity. Bach
filter of the air intake filier assembly 414 may be configured o remove contaminants from
the intake air as the intake air passes through the filter to the interior of the hazardous
lacation enclosure 402, Fach filter of the air intake filter assembly 414 may also be
conflgured to cool the intake air as the intake air passes through the filier t the intevior of

the hazardous location enclosure 402, Each cavity may be one of a number of shapes,

including but not Huted 1o an ellipse, a rectangle, an octagon, a triangle, and 2 circle.
[8075] Onee the intake air is within the cavity 202 of the hazardous location

encloswre 402, the air moving device 310 can pass the mtake air over one or wore
temperature-sensitive devices 390, In one or more example embodiments, one or more of
the temperature-sensitive devices 390 are located in the second region 422, For example,
the air moving device 310 may pass the intake air over the VFD 404 in the second region
422 of the cavity 202 of the hazardous location enclesure 402, The air meving device 310
may pass the intake alr over the temperature-sensitive devices 390 nsing a chanuel or
intake {not shown), separate from the alr moving device intake 4180 In such a case, the
channel may be posttioned I the second region 422 of the cavity 202 of the harardous
lovation enclosure and contfigured to direct the intake air toward the femperature-sensitive
devices 394,

Hi76] As the alr moving device 310 passes the intake air over the one or more
temperature-sensitive devices 390, the intake air cools the temperature-sensitive devices
3040 As the rempershre-sensitive devices 394 are conled, the temperature of the intaks air
increases to penerate exhaust air. 1o other words, the temperature of the exhaust aw is

greater than the temperature of the intake adr. In ong or more example embodiments, the

- 19
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air moving deviee 310 is further contigured 1o remove the exhaust alr from the cavity 202
of the hazardous location enclosure 402,

{0877) In one or more example embodiments, the air moving device 310 i
controlled by the controller 306, The air moving device 310 (with or without the aiy
moving device controller 324, described below) can be a heat-generating component
and/or g temperature-sensitive device 320, In such a case, intake alr {or a portion thereot)
may bhe directed to and passed over the alr moving device 310 andfor any other
temperature-sensitive device 396 to cool the air moving device 310 and/or any othe
temperature-sensitive device 390, The intake alr may be divected to and passed over the
air moving device 310 andfor any other temperature-sensitive device 390 using an airflow
within the harardous location enclosure 402 created by the air moving device 314
Alternatively, or in addition, the intake air may be directed to and passed over the air
moving device 310 andfor any other temperature-sensitive device 390 using some other
means, including but not limited 1o a pressure differential and another air moving deviee.
78] An alt moving device intake 418 may be used to direct intabe ar toward
the air moving device 310 {which may include the air moving device controlier 324)
and/or any other temperature-sensitive device 3980 within the cavity 202 of the hazardous
location enclosure 402, The air moving devige intake 418 may take the intake air from
any point within or outside the hazardous lecation enclosure 402, including but not Himited
to an aperiure in the havardous location encloswre 402 and an intake air filiey assembly 414
couplad to an apertwe in the hazardouns location enclosare 402, The alr moving device
intake 418 may be nrade of any material (e g plastic, aluminuny, ethiviene propylene dieng
monomer {EPDM) rubber), have any configuration. andfor be of any size suitable for
divecting a portion of the intake afr toward the air moving device 310 andior any other
temperature-sensitive device 390,

{8679 As the take alr passes over a temperature-sensitive device 390 (including
the air moving device 310 andfor the alr moving device ceontroller 3243, the intake air
cools the temperature~sensitive device 390, As the temperatore-sensitive deviee 390 is
cooled, the temperature of the intake air mcreases 1o generate additional exhaust ajr. In
other words, the temperature of the additional oxhaust air iy greater than the temperature of
the intake atr. In one or more example embodiments, the air moving devies 310 is furthe
confignred to remove the additional exhangt ane from the cavily 202 of the hazardous

location enciosure 402

~ 20~
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{086} in one or more example embodiments, the air moving device controller 324
is a component located within the cavity 202 of the hazardous location enclosure 402, For
example, as shown in Figure 4, the air moving device controller 324 can be located in the

first region 420, The air moving device controller 324 can communicate with the

controller 306 and operate the air moving device 310 based on commands (signals)
received from the controller 306, Specifically, the controller 306 can send signals to,
andior receive signals from, the alr moving device controller 324, The signals sent
hetween the controlier 306 and the air moving device controller 324 way wclude, but are
not limited to. corvmands, information, requests, instructions, status, and data. The
controller 306 may communicate with the air moving device controller 324 through hard-
wires andfor & wireless interface

HI0R11 Based nn the commands received from the controller 306, the air moving
device controller 324 can control the operation of the air moving deviee 310, For
example, the air moving device controller 324 may, based on corresponding commands
received from the controller 306, start the air moving device 310, stop the aiv moving
device 310, and increase andfor decrease the speed at which the air moving deviee 318
operates.  In certain examiple embodiments, the alr moving device controller 324 s
physically separate from the controller 306 and is located adjacent to the aly moving
device 310, Alternatively, the air moving device controller 324 is part of the controller
306.

3082 Inv obe or more example embodiments, the controlier 306 s alsw coupled
other components. Such other components may be located within the cavity 202 of the
hazardous location enclosure 402 and/or adjacent to the hazardous location enclosure 402,
Sueh other components can provide information related to the temperature of the cavity
202 of the haravdouns location enclosure 402, the operation of the heater 380, and/or the
eperation of the air moving device 314, Examples of such other components may inciade,
but are not Hmited to, a measwing device 340 (e.g, a tomperature sensor, an aiv How
sensor) and a pushbutton,

{8083 For example, the controller 300 may be coupled o a measuring device 340
that measures the temperature (Le., & temperature sensor) at some poind W the cavity 202
of the hazardoas location enclosure 402, When the tfemperature measwred by the
measuring  device 340 exceeds g frst threshold temperature value (also called g

teraperature threshold 342 or simply a threshold 342) the controller 300 may send a
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command to the alr moving device controller 324 to start the aly moving deviee 310 and
regulate the speed of the air moving device 310 until the temperature falls below a second,
fower threshold valne (also @ temperature threshold 342). When the temperature at the

point in the cavity 202 of the hazardous focation enclosure 402 measured by the measuring

-

device 340 falls below the second threshold temperature, then the controller 306 can send

o,

a different commend to the air moving device controlier 324 to stop the air moving device

0.

Tuy
st

{0084} The controller 306 andfor the air moving device controller 324 can be a
temperature sensitive device 390, Other temperature-sensitive devices 390 may include,
but are not Hmited to, a VFD 404, a relay 212, a wiring terminal 442, and a swiich 408, all
of which are substantially similar to the corresponding components (also called devices)

described above with respet to Figure 2. The controfer 306 can interface with the VD

404, ;mum,s;i\ the controller 306 can send signals to, andfor receive signals from, the
VFD 404, The signals sent between the controller 306 and the VEFD 404 may include, but

are not Himited to, commands, nformation, regquests, nstructions, status, and data, The
controlier 306 may communicate with the VFD 404 throngh hard-wires and/or a wireless
interface,

LEERRY In one or more example cmbodiments, the one or more femperaiire-

sensitive devices 390 generates a quantifiable amount of heat energy during operation.

For example; a VD 404 may generate 1200 watts or more of heat energy inside the
hazardous location enclosure 402, Ag another examiple, the air moving device controlier

324 andfor the air moving device 310 may generate 370 watts or more of heat enevgy
inside the hazardous focation enclosure 4020 As vet another example, the switch 408 may
gemerate 27 watlts or more of heat energy inside the bazardoos Incation enclosure 02,
{086} In one or more example embodiments, the alr moving devies intake 412 18
coupled  the air moving device 310, The atr moving device wmtake 412 may be
configured to receive the air heated by the temperature-sensilive devices 394 (also called
exhaust airy, Specifically, the ajr moving device natake 412 may be configured to draw the

exhaust air proximate (o the emperature-sensitive deviees 390 (e g, the VFD 404} roward

an aperture of the hazardous location enclosure 402, The air moving device intake 412
may inchude a sereen, filter, andfor other similar feature to remove contaminants from the

exhaust air andfer to lower the temperature of the exhaust air,

]
e
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{87 In one or more example embodiments, the manifold 430 15 coupled to the
afr moving device 310 and/or the air moving deviee intake $12. The manifold 438 may
direct some or all of the exhaust air and the additionad exhanst air (it any) ocutside the
hazardous location enclosure 402, The manifold 430 may form a seal between the air
moving device 310 (andfor the alr moving device intake 412} and the exhaust air filte
assembly 416, described below, By forming a seal, the manttold 430 may create and/or
maimiain a differential pressure to create air flow to remove the exhaust air and/or the
additional exhaust air from the hazardons location enclosure 402
{0088} The air moving device 310 may remove some or all of the exbaust atr and
the additional exhanst air from the cavity 202 of the hazardous lecation enclosure 402
through one or more outlet apertures (different from the intake apertures deseribed above
with respect to the intake air) in the hazardous location enclosure 402, In one or more
xample embodiments, an exhanst aiy flter assernbly 416 i3 incorporated into the one or
more outlet apertures in the hazardons location enclosure 402, Specifically, the exbaust
air filter assembly 416 may be coupled to ap outlet aperture in & wall of the hazardous
focation enclosure 402, In one or more example embodiments, the outlet apertirs in the
wall of the hazardous location enclosure 402 i located n, or adjacent o, the first region
420 of the cavity 202 of the hazardous location enclosure 402, The outlet apertures and
intake apertures may be on opposite walls of the hazardous location enclosure 402,
{489 In one or more example embodiments, the exhaust air filter assembly 416 s
substantially similar to the atr intake filter assembly 414, Thus, the description above with
respect to the aly intake filter assombly 414 may also apply o the exhaust air filter
wsembly 416, For example, the exhaust air filter assembly 416 may allow exhaust aw to
pass from the cavity 202 of the hazardous Incation enclosure to outside the hazardous
location enclosure. The exbaust air may have a higher temperature than the lemperature of
the intake air. The exhaust air filter assambly 416 may fwrther meet and mandain the
standards and reguivements for a hazardous location enclosure, For example, the exhaust
air filter assemibly 416 may inelude a sintered filter
REUAH The example heater 380 shown in Figure 3 radiates, when operating, heat
on the cavity 202 of the enclosure 402, In cortain example embodiments, the heater 380 13
positioned at some location in the cavity 202 of the enclosure 402, For example, as shewn
i Figure 3, the heater 380 can be mounted on the tnner surface of the enclosure cover 102,

In the aliernative, or additionally, the heater 380 can be mounted &t any other location
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within the cavity 202 of the enclosure 402, The heater 380 can be a single heater or a
number of heaters that operate (and are controlled by the controller 308) independently or
inter-dependently.  In certain example embodivents, the heater 380 is powerad andfor
controlled by the controller 306.

I The heater 380 can generate a fixed or a variable amount of heat when
aperating. The heat generated and radinted by the heater 380 raises the temperature of the
cavity 202 of the enclosure 402, The heater 380 can operate on electricity, gas, and/or any
other source of energy.  In certain example embodiments, the heater 380 operates in
conjunction with the air moving device 310, some other air moving device, a bafile {e.g.,
baffle 426), ductwork, andior any other device that can help direct the heat generated by
the heater 380 toward a particular component sithin the cavity 202 of the enclosure 442,
{04921 in certain example embodiments, the controller 306 can be bypassed, either
manually {eg, a wer 330 changing the state of a switch) or automatically {e.g. in
smergency or maintenance conditions). When the controller 306 is bypassed, one or more
climate controf devices can be operated, or be prevented from operating, for an extended
period of time,

HEIO3] Figure 3 shows a flowchart of a method S04 for controlling temperatare
iside a hazardous location enclosure in accordance with one or wore example
cmbodiments,  While the various steps in this flowchart are presented and described
sequentially, bne of ordinary skill will appreciate that some or all of the steps may be
executed in different orders, may be combined or omitted, and sorae or all of the sleps
may be exccuted in parallel. Further, in one or move of the example embeodiments of the
invention, one or more of the steps described below may be omitled, repeated, and/or
performed in a different order.  In addition, a person of ordinury skall fn the art will
appreciate that additional steps, omitted n Figure 5, way be ducloded in performing this
method 306, Accordingly, the specific arrangement of steps shown in Figure 5 should not
be construed as limiting the scope of the invention. Further, a particulawr computing
device, as deseribed, for example, in Figuee 6 below, may he used to perform ong or more
of the steps for the method SO0 described below,

11094 Mow referring to Figures 1-5, the example method 300 begins at the
START step and proceeds to step 5020 In step 502, first input signal is received for a fivst
temperature within the cavity 202 of the barardous location enclosure 402, In certain

example embodiments. the first input signal is received by the controlfer 306 and iy semt

-4 -
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by a measuring device 340, The first input signal can be one of a number of discrete
signals sent by the measuring device 340 to the controller 306, In such a case, the first

input signal is sent randomly. on a regular interval, andfor based on the occurrence of
some event {e.g. a temperature excursion, the passage of time).  Alternatively, the first

inpul sighal can be a continuous signal sent by the measuring device 340 to the controtler

306,
0953 In step 504, that the first temperatore s determined to be oulside an

operating range of temperatures. In one or more example embodiments, the controller 306
determines that the first temperaturs s ouiside the operating vange of temperatures. The
determination can be based on the first input signal. The controller 306 can determine that
the first temperature is outside the operating range of temperatures using a hardware
processor 320, The operating range of temperatures can be based on one of more
temperature thresholds 342 stored inthe storage repository 3380 of the controller 306,

{80961

the cavily 202 of the havardous Jocation enclosure 402, In certain example embodiments,

e

f1 step 506, & first operating signal is sent {0 a cimate contro} device within

Y

the first nperating sipnal is sent by the controller 306, The first operating signal can be

sent based on the controller 306 determining thal the first temperatyre s outside the

operating range of temperatures (e g, exceeds o temperature threshold 342). The chimate

centivel device can be the air moving device 310 anddor the heater 380,
{3097} In step 308, a second input signal for a sccond tomperature s received

\-‘x-*i.tiﬁﬂ the hazardous location cnclosure,  In cortain example embodiments, the controller
306 receives the second Input signal, which can be sent by the same or a different
measuring device 340 than the measuring device 340 degseribed above with respect 1o step
502, The second tnput signal can be sont subseguent to the Grst input signal,

{H098] In step 310, the second temperature is detenmined to be within the operating
range of temperatures.  In Oone or more example embodiments, the controller 306
determines that the second temperature s within the operating range of teraperatures. The
determination can be based on the second wput signal. The controller 306 can determine
that the second temperature is within the operating range of temperatires nsing 8 hardware
processor 320, The operating range of temperatures ¢an be based on one or more
temperature thresholds 342 stored in the storage reposttory 330 of the controller 306,
where the temaperature thresholds 342 can be the same or different than the {emperature

thresholds 342 deseribed above with respect to step 304, The operating range of

f
Ly
t
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femperatares can be the same or a different range of temperatures described above with
respeet to stop 404

100991 In step 512, a second operating signal is sent to the climate contrel device.
In certain example embodiments, the second operating signal is sent by the controller 306,
The second operating signal can be sent based on the controller 306 determining that the
seeond tomperature s within the operating range of temperatures. The climate control
deviee can be the alr moving device 310 andfor the heater 380, When step 512 is
completed, the process contimes to the END step.

HI0100] Figure & iflustrates one ombodiment of a computing device 600 that can
implement one or more of the various techninues deseribed herein, and which may be
representative, in whole or in part, of the elements deseribed hevein.  Computing device
600 is only one example of a computing device and s not intended to suggest any
Hinltation as o scope of use or functionality of the computing device andfor s possible
architectures,  Neither should computing device 600 be interpreted as having any
dependency or requirement relating to any one or combination of components itlastrated
it the example computing device 6040,

{00101} Computing device 600 includes one or more processors or processing units
602, one or more memory 326/stwrage components 604, one or more inputoutpat ()

A

devices 606, and a bus 608 that allows the varions components and devices

o

communteate with one another. Bug 608 represents one or more of any of several types of

v

buy structurey, including a memory 326 bus or memory 326 controlier, a peripheral bos, an

aecelerated graphies port, and a processor or Jocal bus using any of a variety of bus
architectures. Buos 608 can include wired andfor wireless buses.

{1621 Meimory/storage component 604 represents one or more computer sforage
media.  Memory/storage component 604 may inchude volatife media {such gs random
access memory {RAM)) and/or nonvolatile media (such as read only memory 326 (ROUM),
tHash memory, optical disks, magnetic disks, and so forth), Memory/storage component
004 can include fixed media (g, RAM, ROM, a fixed hard drive, elc.) as well as
removable media (e g, a Flash memory drive, a removable hard drive, an optical disk, and
so forth),

{06183) Ome or more VO devices 606 allow a customer, wtility, or other user 338 o
erter commands and information to computing device 600, and also allow imformation to

be presented to the customer, viility, or other user andfor other components or devices

- -
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Examples of input devices include, but are not limited to, a keyboard, a gursor control
device {e.g, a mouse), @ microphone, and a scanner. Examples of output devices include,
but are not limited to, a display device {e.g., a monitor or projector), speakers, a printer,
and a network card,

{B0164 Various technigues mway be described herein in the general countext of
software or program modules.  Generally, software includes routines, programs, objects,
components, data structures, and so forth that perform particular tasks or implement
particular abstract data types. Ap implementation of these modules and techniques may be
stored on or transmitted scross some form of computer readable media.  Computer
readable media may be any available non-transitory medivm or non-transitory media that
can be accessed by a computing device, By way of example, and not limitation, coraputer
readable media may comprise “computer storage media™

[601405] “Computer storage media”™ and “computer readable medinm”™ include
volatile and non-volatile, removable and non-removable media implemented in any
method or technology for storage of information such as computer readable instructions,
data structures, program modules, or ather data. Computer storage media include, but are
not Himited to, compuier recordable media such ay RAM, ROM, EEPROM, flash menory
or other memory technology, CD-ROM, digital versatife disks (DVIY) or other uptical
storage, magnetic cassettes, magnetic lape, magnetic disk storage or other magnetic
storage devices, or any other medium which can be used to store the desired information
and which can be accessed by a computer.

35166} The somputer device 600 may be connected to a network {not shown) {2.g.,
a local arca network (LAN) a wide area network (WAN) such as the Internet. or any other
similar type of network) via a network interlace connection (not shown). Those skilled in
the art will appreciate that many different types of computer systems exist {e.g., deskiop

a pell

[o)

compaier, & laptop computer, a personal media device, a mobile device, such
phone or personal digital assistant, or any other computing system eapable of executing
computer readable mstructions), and the alorementioned input and oulput means may take
other forms, now known or later developed, Generally spraking. the computer systern 600
includes at least the minimal processing, input, andfor output means necessary o practice
one or wore ernbodinents.

1061871 Further, those skilled in the art will appreciate that one or more clements of

the aforementioned computer devics 600 may be located at a remote location and
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connecied to the other elements over a netwerk. Forther, one or more embodinents may
be raplemented on a distributed system having a plurality of nodes, where each portien of
the implementation (e g, controller 306) may be located on a different sode within the
distributed system.  In one or more embodiments, the node corresponds 1o a computer
system.  Alternatively, the node may correspond 1o a processor with assoeiated phy sical
memery.  The node may aliernatively correspond to a processor with shared memory
and/or resources.

{B0108] One or more example embodiments provide for controlling temperature
inside a hazardous location enclosure, Specifically, in one or more example embodiments,
a controller i used to coutrol one or more air moving devices and or one or more heaters
within the interior of the hazardous Jocation enclosure. In such a case, the controlle
indirectly controls (e.g, raises, lowers) the temperatre in the interior of the hazardous
focation enclosure.

{06109} The temperature on the interior of the havardous location enclosure may

increase to levels that may be detrimental to the operation of one or more temperature-

=2

sensitive devices, heat-generating compenents, andfor elimate control devices tocated on
the interior of the hazardous location encloswre.  The ingrease in temperature on the
interior of the hazardous location enclosure may be caused by one or more heat-generating
components and/or a high temperature ambient environment in which the hazardens
fncation enclosure is positioned.  Similarly, a low temperatare ambient enviromment in
which the hazardous location enclosure is positioned can cause the temperature in the
mnterior of the hazardens location enclosure from getting so low as o inhibit the proper
operation of one or more temperature-sensitive devices.

{80116} Example embodiments deseribed herein may control the temiperature inside
the hazardous location enclosure to muaintain an acceptable temperature that assuves
continued operation of the components andfor devices located in the interfor an explosion
proof enclosure while alse maiutaining the standards andfor requirewents for an
explosion-proof enclosure,  As a result, use of example embodinents deseribed herein
may altow for the inclusion of one or more heat-generating components within the interior
of the explosion~proot enclosure without affecting the operation of the devices and/or
components  located  inside, or associated  with, the exploston-prool  enclosure.
Consequently, example embodiments described  herein may lower equipment and

maintenance costs, allow for easier maintenance, and increase reliability,

L8 .
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LGSR Although controlling temperature inside a havardous location encloswre 1§
described with rveference to preforred embodiments, it should be appreciated by those
skilied in the art that various modifications are well within the scope of controlling
temperature inside a hazavdowus location enclosure.  From the foregomng, it will be
appreciated that an embodiment of controlling temperature inside a hazardous location
enclosure overcomes the limitations of the prior art,  Those skilled in the art will
appreciate that controlling temperature inside a hazardous location enclosure is not lunited
to any specifically discussed application and that the example embodiments described
hercin are ilustrative and not restrictive.  From the desoription of the example
embadiments, equivalents of the clements shown therein will suggest themselves o those
skifled in the art, and wavs of constructing other embodiments of controlling temperature
instde a hazardous location enclosure will suggest themselves to practitioners of the ot
Theretfore, the scope of controlling temperature tnsids a hazardous location enclosure 13

not lnnited hoerein
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CLAIMS

What iz claimed is:

1.

f=d

s

.

An enclosure system comprising:
a hazardous location enclosure comprising at feast one wall forming a cavity;
a temperature-sensitive component positioned within the cavity:
a measuring device configured to nigasure a temperature within the cavity of the
hazardous location enclosure;
a climate control device configured to change the temperature within the cavity;
and
a controller operatively coupled to the climate contrel device and the measuring
device, wherein the controller controls the climate control device to change
the temperature within the caviry of the hazardous location enclosure.
The enclosure system of elaim 1. wherein the controller is positioned within the cavity.
The enclosure system of claim 1, wherein the climate contrel device comprises at least

one selected from a group consisting of an air moving devies, a heater, and a baffle,

The enclosure system of claim 1, wherein the climate control device 1s posibioned

within the cavity,

o]

he enclosure gvstem of claim 1, wherein the hazerdons location encloswre i3 an

explosion~proof enclosure.

The enclosure system of claim 1. wherein the controller controls the climate cortrol
deviee when a emperature within the cavity of the hazavdous location enclosure s at

teast ~40°C and less than 70°C.

provides a line voltage directly to the climate control devics.

The enclosure system of olaim 7, wherein the climate control device 1s @ heater, and

wherein the lne voltage is approximately 480V alternating cuvrent.

8
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9. The enclosure svstem of claim I, wherein the controller controls the climate control
device based on g usage history and a hysieresis-driven duoty cycle of the chimate

control device and the temperature-sensttive component.

10, The enclosure systern of claim 1, wherein the controller is programumable by a user.

11. The enclosure system of claim 1, further comprising:
a bypass switch that, when activated, bypasses the controller to prevent the

controlier from controliing the climmate control deviee,

12. The enclosure svstem of claim 1, whersin the controller is also operatively coupled to

the temperature-sensitive device,

- 371 -
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13. A wmethod for vontrolling temperature within a hazardous location encloswre, the
method comprising:

receiving a fist input signal generated by a measuring device, wherein the first
input signal correspouds to a first tomperature within the intevior of the
hazardous location enclosure;

determining, based on the first inpul signal and using a bardware processor. that
the first temperature is oulside an operating range of temperatures; and

sending, based on determining that the first temperature is outside the operating
range of temperatares, a first operating signal fo a climate control deviee
within the harardous location enclosure,

wherein the first operating signal operates the climate control deviee to change the

first temperature

14, The method of claim 13, wherein the first operating signal ts approximately 480 ¥V

altemnating current.

-
'-J':

The method of claim 13, wherein the first tfemperature s approximaiely -40°C,

16, The method of claim 13, further conprising
sending, based on determining that the first tempersture is outside the operating
range of temperatures, a second operating signal to a temperature-sensitive

device within the hazardous location enclosure.

17, The method of claim 13, {further comprising:

receiving, subsequent to the first input signal, a second input signal corresponding
o a second temperanug within the hazardouy location enclosure;

determining, based on the second input signal, that the sccond temperature I8
within the operating range of temperahures: and

sending, based on determining that the second temperature 1s within the operating
range of temperatures, a sccond operating signal 1o the climate control
device,

wherein the seeond aperating signal stops operation of the climate control deviee,
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1% The method of claim 17, wherein the first temperatwre is higher than the second

o

ternperatire.

19, The methad of claim 13, wherein the climate control device is at least one selected

fram a gronp consisting of an air moving device, a heater, and a battle.

s

ed

Lak
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20, A controller comprising:

memory that stores a plurality of software instructions for operating af least one
climate control device disposed in a hazardous location enclosure;

a storage repository that stores a phuality of temperature threshold values, a
plurality of operating data for the at least one temperature control device.
and a plurality of operating parameters; and

a hardware processor communicably coupled to the memory and the storage
reposiiory, wherein the memory executes, based on the plurality of

temperature threshold values, the plurality of software instractions.
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( START )

502\

RECEIVE FIRST INPUT SIGNAL FOR FIRST
TEMPERATURE WITHIN CAVITY OF
HAZARDOUS LOCATION ENCLOSURE

504~
DETERMINE, BASED ON FIRST INPUT SIGNAL
AND USING HARDWARE PROCESSOR, THAT FIRST
TEMPERATURE IS OUTSIDE OPERATING
RANGE OF TEMPERATURES

506'\ 4

SEND, BASED ON DETERMINING THAT FIRST
TEMPERATURE IS OUTSIDE OPERATING RANGE
OF TEMPERATURES, FIRST OPERATING SIGNAL

TO CLIMATE CONTROL DEVIGE WITHIN
HAZARDQOUS LOCATION ENCLOSURE

508\
RECEIVE, SUBSEQUENT TO FIRST INPUT
SIGNAL, SECOND INPUT SIGNAL FOR SECOND
TEMPERATURE WITHIN HAZARDOUS
LOCATION ENCLOSURE

570\
DETERMINE, BASED ON SECOND INPUT SIGNAL,
THAT SECOND TEMPERATURE IS WITHIN
OPERATING RANGE OF TEMPERATURES

572\
SEND, BASED ON DETERMINING THAT SECOND
TEMPERATURE IS WITHIN OPERATING RANGE OF
TEMPERATURES, SECOND OPERATING SIGNAL
TO CLIMATE CONTROL DEVICE

FIG. 5
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