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ABSTRACT
A method of preventing condensation on equipment inside a
temperature-controlled enclosure comprises measuring the

Jan. 6, 2011

temperature in at least one location inside the enclosure. The
temperature inside the enclosure is compared with a safe

O
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temperature, at which the risk of condensation is reduced. The

temperature inside the enclosure is increased until the safe
temperature is achieved. A user is then notified that it is safe

to access the enclosure.
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CONDENSATION PREVENTION SYSTEM
AND METHODS OF USE
CROSS REFERENCE TO RELATED
APPLICATIONS

0001. This application is a divisional application, and
claims priority benefit, of U.S. patent application Ser. No.
11/775,604, filed Jul. 10, 2007 and entitled “Condensation

Prevention System and Methods of Use', which is incorpo
rated herein by specific reference.
STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH ORDEVELOPMENT

0002. Not applicable.
REFERENCE TO APPENDIX

0003) Not applicable.
BACKGROUND OF THE INVENTION

0004. 1. Field of the Invention
0005. The inventions disclosed and taught herein relate
generally to methods and systems for controlling the environ
ment inside an electronics enclosure; and more specifically
related to a method and system for preventing condensation
on electronic equipment within an enclosed cabinet.
0006 2. Description of the Related Art
0007 Electronic equipment is used for diverse applica
tions in many fields. This equipment must often be installed in
environments in which the air temperature or humidity are
outside the recommended operating parameters for the equip
ment. In such cases, it is commonly known to install the
equipment in a protective enclosure. The temperature inside
the enclosure is controlled to maintain the proper operating
environment for the equipment. Depending on the environ
ment outside the enclosure, opening the enclosure can cause
moisture to condense on the equipment inside the enclosure.
This condensation could damage the equipment and cause it
to malfunction. Therefore, it is desirable to regulate the envi
ronment within the enclosure to minimize the risk of conden

sation on the equipment when a user accesses the enclosure.
0008. The inventions disclosed and taught herein are
directed to improved systems and methods for regulating the
environment within an enclosure so that a user can gain access
to the equipment while reducing the risk of condensation
forming on the equipment when the enclosure is opened.
BRIEF SUMMARY OF THE INVENTION

0009. A method of preventing condensation on equipment
inside a temperature-controlled enclosure comprises deter
mining the temperature in at least one location inside the
enclosure. The temperature inside the enclosure is compared
with a target temperature, at which the risk of condensation is
reduced. If a user desires access to the inside of the enclosure,

the temperature inside the enclosure is increased until the
target temperature is achieved. The user is then notified that it
is safe to access the enclosure.
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

0010 FIG. 1 illustrates the condensation prevention sys
tem installed on an enclosure containing equipment.

0011

FIG. 2 is a flow chart illustrating a preferred

embodiment of the invention.

0012 FIG. 3 illustrates the control panel of the invention.
DETAILED DESCRIPTION

0013 The Figures described above and the written
description of specific structures and functions below are not
presented to limit the scope of what Applicants have invented
or the scope of the appended claims. Rather, the Figures and
written description are provided to teach any person skilled in
the art to make and use the inventions for which patent pro
tection is sought. Those skilled in the art will appreciate that
not all features of a commercial embodiment of the inventions

are described or shown for the sake of clarity and understand
ing. Persons of skill in this art will also appreciate that the
development of an actual commercial embodiment incorpo
rating aspects of the present inventions will require numerous
implementation-specific decisions to achieve the developer's
ultimate goal for the commercial embodiment. Such imple
mentation-specific decisions may include, and likely are not
limited to, compliance with system-related, business-related,
government-related and other constraints, which may vary by
specific implementation, location and from time to time.
While a developer's efforts might be complex and time-con
Suming in an absolute sense. Such efforts would be, neverthe
less, a routine undertaking for those of skill this art having
benefit of this disclosure.

0014 Particular embodiments of the invention may be
described below with reference to block diagrams and/or
operational illustrations of methods. It will be understood that
each block of the block diagrams and/or operational illustra
tions, and combinations of blocks in the block diagrams and/
or operational illustrations, can be implemented by analog
and/or digital hardware, and/or computer program instruc
tions. Such computer program instructions may be provided
to a processor of a general purpose computer, special purpose
computer, ASIC, and/or other programmable data processing
system. The executed instructions may create structures and
functions for implementing the actions specified in the block
diagrams and/or operational illustrations. In some alternate
implementations, the functions/actions/structures noted in
the figures may occur out of the order noted in the block
diagrams and/or operational illustrations. For example, two
operations shown as occurring in Succession, in fact, may be
executed Substantially concurrently or the operations may be
executed in the reverse order, depending upon the function
ality/acts/structure involved.
0015 Computer programs for use with or by the embodi
ments disclosed herein may be written in an object oriented
programming language, conventional procedural program
ming language, or lower-level code, such as assembly lan
guage and/or microcode. The program may be executed
entirely on a single processor and/or across multiple proces
sors, as a stand-alone software package or as part of another
Software package.
0016. It must be understood that the inventions disclosed
and taught herein are susceptible to numerous and various
modifications and alternative forms. The use of a singular
term, such as, but not limited to, 'a' is not intended as

limiting of the number of items. Also, the use of relational
terms, such as, but not limited to, “top,” “bottom.” “left.”
“right,” “upper,” “lower,” “down,” “up,” “side,” and the like
are used in the written description for clarity in specific ref
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erence to the Figures and are not intended to limit the scope of
the invention or the appended claims.
0017 Applicants have created an improved system for
regulating the environment within an enclosure so that a user
may open the enclosure without causing condensation to
form on equipment within the enclosure. The improved con
densation prevention system accepts input from a user
requesting access to the enclosure. Upon receiving input indi
cating that the user wishes to open the enclosure, the system
compares the air temperature and/or humidity within the
enclosure to a target temperature and/or humidity. In the
preferred embodiment, the target temperature corresponds to
the ambient dewpoint of the air outside the enclosure plus a
margin of error. If the ambient dewpoint exceeds the target
temperature, the system increases the air temperature within
the enclosure until it reaches a temperature at least as high as
the target temperature.
0018. In one embodiment, the condensation prevention
system includes a display. The display shows a warning noti
fication while the air temperature inside the enclosure is lower
than the target temperature. The warning notification alerts
the user that opening the enclosure could lead to the formation
of condensation on equipment within the enclosure. When the
temperature inside the enclosure is at least as high as the
target temperature, the display shows a notification advising
the user that it is safe to open the enclosure.
0019. In another embodiment, the condensation preven
tion system includes a timer. The timer is activated when the
air temperature within the enclosure reaches the target tem
perature. If the enclosure is not opened in a selected period of
time, the system resets and causes the temperature within the
enclosure to return to the normal operating temperature.
0020. An embodiment of the condensation prevention sys
tem utilizing one or more aspects of the present invention is
shown in FIG. 1. The system may be associated with an
enclosure 10 containing equipment 20. The condensation
prevention system may comprise one or more temperature
sensors 30 inside the enclosure, a temperature sensor 40 and
a humidity sensor 50 outside the enclosure, a control system
60 to regulate the air temperature inside the enclosure, a door
open sensor 70 to detect whether an enclosure door 80 is open
or closed, and a control panel 90.
0021 FIG. 2 is a flow diagram generally illustrating a
preferred method for use with embodiments of the invention.
The system normally exists in a default condition. In the
default condition, the operating temperature within the enclo
Sure is maintained at a selected level appropriate for the
optimal functioning of the equipment in the enclosure. While
in the default condition, the system compares the air tempera
ture inside the enclosure to the ambient dewpoint outside the
enclosure. The system can be programmed to conduct this
comparison at selected intervals of time, continuously, and/or
at the request of a user. If the system determines that the air
temperature inside the enclosure is lower than the ambient
dewpoint outside the enclosure, the system causes the display
to show a “condensation risk” notification alerting the user
that there is a risk of condensation if the enclosure is opened.
0022. If the user wants to open the enclosure while there is
a risk of condensation, the user can request access using the
control panel 90. FIG.3 shows a control panel 90, which may
comprise, for example, a display 100 and one or more user
inputs 110. Once the system receives the user's request for
access, system enters an "Access Open' condition. In the
Access Open' condition, the control device changes the

setpoint temperature to a target temperature that reduces or
eliminates the risk of condensation. After the temperature
inside the enclosure reaches the target temperature a timer is
activated. Once the timer counts down, the display shows a
“safe' notification advising the user that it is safe to open the
enclosure. The system maintains the temperature inside the
enclosure at the target temperature until one of two events
takes place. If the enclosure is not opened within a selected
time after the “safe' notification has been given, then the
system returns to the default condition and displays the “con
densation risk” notification if appropriate. If the enclosure is
opened within a selected time after the “safe' notification has
been given, then the system will remain in the “safe' condi
tion until the enclosure is closed again. After the enclosure is
closed, a timer counts down and the system returns to the
default condition and displays the “condensation risk” noti
fication if appropriate.
(0023 The preferred embodiment will now be described.
In the default condition, a “Do Not Open: Condensation
Risk” message appears in the display if the air temperature
inside the enclosure is lower than the target temperature. The
target temperature is the ambient dewpoint temperature of the
air outside the enclosure plus a dewpoint margin. The dew
point margin is an arbitrary, pre-selected value, in degrees
Fahrenheit or Centigrade, that is added to the ambient dew
point. The dewpoint margin provides a margin of error to
compensate for any inaccuracies in the temperature measure
ments, and provides a safety factor to further reduce the risk
of condensation forming on equipment inside the enclosure.
The dewpoint margin is typically in the range of 1° to 4
Fahrenheit, which corresponds to 0.5° to 2.2 Kelvin, but may
be in the range of 0° to 10° depending on the thermal mass of
the enclosure and equipment. In the preferred embodiment,
the dewpoint margin is 4°Fahrenheit, which corresponds to
2.2 Kelvin. Therefore, the target temperature in the preferred
embodiment is equal to the ambient dewpoint plus 4°Fahr
enheit.

0024. The user requests access to the enclosure by activat
ing an OPEN ACCESS input button 110 on control panel 90.
This places the system in the 'Access Open’ condition. The
control system then reduces cooling inside the enclosure until
the air temperature inside the enclosure reaches the target
temperature. When the air temperature inside the enclosure
reaches the target temperature, the system activates a "Access
Open Wait Timer.” The “Access Open Wait Timer' is a user
selected period of time that reflects the additional time nec
essary for the Surface temperature of the equipment to
approach the target temperature. The 'Access Open Wait
Timer' is typically in the range of one to two minutes, but can
be longer or shorter depending on the specific application. In
the preferred embodiment, the Access Open Wait Timer' is
one minute. After the 'Access Open Wait Timer' has finished
counting down, the message 'Access Open OK' appears in
the display.
0025. Once the 'Access Open OK' message appears, the
system will maintain the temperature inside that enclosure at
the target temperature until one of two events occurs. If the
system does not detect a door of the enclosure being opened
within two minutes after the 'Access Open OK' message
appears, then the system will revert to the default condition.
The setpoint temperature will be reset to the optimal tempera
ture for the equipment in the enclosure, and normal cooling
will resume. Once the air temperature inside the enclosure
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drops to a level below the target temperature, the “Do Not
Open: Condensation Risk” message appears in the display.
0026. If the system detects an access of the enclosure
being opened within two minutes after the 'Access Open OK”
notification appears, then the system maintains the air tem
perature inside the enclosure at the target temperature until
the system detects that all enclosure access points are closed.
Once the enclosure is closed, the system activates a two
minute “Access Reopen Timer.” The Access Reopen Timer'
allows a user to briefly close the enclosure, to retrieve a
necessary tool or manual for example, and regain access
without having to reset the entire access opening process. If
an enclosure access is opened during the two minute "Access
Reopen Timer, then the timer is reset and restarted once the
enclosure is closed. When the "Access Reopen Timer'
expires without any access having opened, the system returns
to the default condition. The setpoint temperature will be
reset to the optimal temperature for the equipment in the
enclosure, and normal cooling will resume. Once the air
temperature inside the enclosure drops to a level below the
target temperature, the “Do Not Open: Condensation Risk”
message appears in the display.
0027. In some instances, it may be necessary for a user to
open the enclosure while the system is in the default condi
tion, even though there is a risk of condensation. If the system
detects an enclosure access is opened while the system is in
the default condition, the system automatically Switches to
the 'Access Open condition. The system reduces cooling
until the air temperature inside the enclosure reaches the
target temperature. The system maintains the target tempera
ture until it detects that the enclosure is once again closed.
Once the enclosure is closed, the system will proceed as
described above, counting down an Access Reopen Timer'
before returning to the default condition.
0028. In another embodiment, the system further com
prises a “High Cabinet Temperature' alarm. The “High Cabi
net Temperature' alarm is activated if the air temperature
inside the enclosure is higher thana user-selected temperature
that could damage the equipment in the enclosure. When the
system is in the “Access Open condition, the “High Cabinet
Temperature' alarm is disabled. Once the system returns to
the default condition, the “High Cabinet Temperature' alarm
is re-enabled in one of two ways, depending on the air tem
perature inside the enclosure.
0029. If the air temperature inside the enclosure is below
the “High Cabinet Temperature' alarm setpoint when the
system returns to the default condition, then the “High Cabi
net Temperature' alarm is re-enabled immediately.
0030) If the air temperature inside the enclosure is above
the “High Cabinet Temperature' alarm setpoint when the
system returns to the default condition, then the control sys
tem activates the cooling system inside the enclosure for
twenty seconds. After twenty seconds of cooling, the system
checks to see whether the air temperature inside the enclosure
is lower than it was before the twenty seconds of cooling. If
the air temperature has lowered, then normal cooling contin
ues. In this situation, the system will continue to check the air
temperature inside the enclosure every twenty seconds to
verify that the temperature continues to decrease until it
reaches a temperature 3°Fahrenheit below the “High Cabinet
Temperature' alarm setpoint. When the air temperature in the
enclosure has cooled to a temperature 3°Fahrenheit below the
“High Cabinet Temperature' alarm setpoint, the “High Cabi
net Temperature' alarm is re-enabled. If the air temperature

inside the enclosure has not lowered after the first twenty
seconds of cooling, then the system will turn off the normal
cooling mechanism and activate the backup ventilation for
the enclosure. The system will take the same action, i.e. turn
off the normal cooling mechanism and activate the backup
ventilation, at any point in the cooling process if twenty
seconds elapse during which the temperature does not drop.
0031. In another embodiment, the system can lock the
enclosure accesses to prevent accidental exposure of the
equipment to moisture-laden outside air. This embodiment
may be prohibitive in critical applications where immediate
access to the equipment may be necessary. Selected users
may be given special keys or magnetic cards, giving these
users the ability to immediately unlock the enclosure in the
event of an emergency.
0032. Other and further embodiments utilizing one or
more aspects of the inventions described above can be
devised without departing from the spirit of Applicant's
invention. Further, the various methods and embodiments of

the condensation prevention system can be included in com
bination with each other to produce variations of the disclosed
methods and embodiments. Discussion of singular elements
can include plural elements and Vice-versa.
0033. The order of steps can occur in a variety of
sequences unless otherwise specifically limited. The various
steps described herein can be combined with other steps,
interlineated with the stated steps, and/or split into multiple
steps. Similarly, elements have been described functionally
and can be embodied as separate components or can be com
bined into components having multiple functions.
0034. The inventions have been described in the context of
preferred and other embodiments and not every embodiment
of the invention has been described. Obvious modifications
and alterations to the described embodiments are available to

those of ordinary skill in the art. The disclosed and undis
closed embodiments are not intended to limit or restrict the

scope or applicability of the invention conceived of by the
Applicants, but rather, in conformity with the patent laws,
Applicants intend to fully protect all such modifications and
improvements that come within the scope or range of equiva
lent of the following claims.
What is claimed is:

1. A system for preventing condensation on equipment
within a temperature-controlled enclosure, the system com
prising:
at least one temperature sensor inside the enclosure;
at least one temperature sensor outside the enclosure;
at least one humidity sensor outside the enclosure;
a control system for calculating an ambient dewpoint out
side the enclosure and regulating the temperature inside
the enclosure; and

a control panel for receiving input from a user and for
displaying information about the status of the system.
2. A system of claim 1 wherein the control system is pro
grammed to:
determine temperature in at least one location inside the
enclosure;

compare the temperature inside the enclosure to a target
temperature; and
increase the temperature inside the enclosure to the target
temperature.

3. The system of claim 2, wherein the target temperature is
equal to the ambient dewpoint outside the enclosure.

May 5, 2011

US 2011/0101118 A1

4. The system of claim 2, wherein the target temperature is
greater than the ambient dewpoint outside the enclosure.
5. The system of claim 2, wherein the target temperature is
equal to the ambient dewpoint outside the enclosure plus a
marginal dewpoint.
6. The system of claim 5, wherein the marginal dewpoint is
between 1 and 4° Fahrenheit.

7. The system of claim 1, wherein the control system is
programmed to notify a user when it is safe to access the
enclosure.

8. The system of claim 1, wherein the control system is
programmed to notify a user when it is not safe to access the
enclosure.

9. The system of claim 1, wherein the control system is
programmed to allow a selected amount of time to pass before
notifying the user that it is safe to access the enclosure, after
the air temperature inside the enclosure reaches a safe tem
perature.

10. The system of claim 1, wherein the control system is
programmed to return the temperature inside the enclosure to
a default temperature after the enclosure is closed.
11. The system of claim 10, wherein the control system is
further programmed to wait a selected amount of time after
the enclosure is closed before returning the temperature
inside the enclosure to the default temperature.
12. The system of claim 1, wherein the control system is
programmed to:

detect that an access to the enclosure is open;
determine the temperature in at least one location inside the
enclosure;

compare the temperature inside the enclosure to a safe
temperature; and
increase the temperature inside the enclosure to the safe
temperature.

13. The system of claim 12, wherein the safe temperature is
equal to the ambient dewpoint outside the enclosure.
14. The system of claim 12, wherein the safe temperature is
greater than the ambient dewpoint outside the enclosure.
15. The system of claim 12, wherein the safe temperature
has a value equal to the ambient dewpoint outside the enclo
Sure plus a marginal dewpoint.
16. The system of claim 15, wherein the marginal dewpoint
is between 1 and 4° Fahrenheit.

17. The system of claim 12, wherein the control system is
further programmed to return the temperature inside the
enclosure to a default temperature after the enclosure is
closed.

18. The system of claim 17, wherein the control system is
further programmed to wait a selected amount of time after
the enclosure is closed before returning the temperature
inside the enclosure to the default temperature.
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