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monitoring humidity exposure of system components, With

the apparatus having sensor modules for collecting environ
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mental data and a monitoring module With a humidity indi
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cator and an electrical monitoring component sealed from the
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environment that reads a physical change in the humidity
indicator to determine the humidity of the environment. An
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installation computer may transmit the humidity data and

sensor readings, Wirelessly or otherwise, to a central moni

toring station for processing and storage. The humidity indi
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cator may be disposed Within an enclosure to determine the

humidity Within that enclosure. The humidity indicator may
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also be a desiccant that changes color cased on the humidity,
and the electrical monitoring component may be a camera
con?gured to take video data of the desiccant.
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the electrical system have their oWn enclosures. In particu
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larly useful embodiments, the component enclosures may be

EXPOSURE

rated for protection against, for example, debris, dirt, rain,

FIELD OF THE INVENTION

sures rated as NEMA 4 compliant or better may be advanta

sleet or snoW, splashed or sprayed Water, dust and ice. Enclo

[0001] The present principles generally relate to remotely
monitoring the condition of electronic equipment. More spe
ci?cally, the present principles refer to a system and method
for remotely monitoring the moisture exposure electrical
equipment experiences by tracking the moisture content of a
desiccant at the electronic equipment. The system comprises
a system for taking readings of the moisture content of the
desiccant and transmitting the moisture reading to a central
monitoring station. The system may permit a user to revieW
data on the moisture content of a desiccant at a particular

location to determine the overall moisture that electronics at
a particular location have been exposed to for a particular
reading, or over a period of time.

BACKGROUND

[0002] Moisture is a Well knoWn problem for electrical
systems. The ?rst issue With moisture and electrical systems
is that Water may short out an electrical circuit. However,

another problem caused by moisture is corrosion. Electrical
systems in outdoor or non sheltered installations are particu

larly exposed to conditions that tend to cause physical defects

in the system. For example, extreme temperature ?uctuations,
extremes in humidity, Water intrusion, fouling by debris and
being disturbed by animals are just a feW of the problems that
can affect an electrical system deployed outdoors.
[0003] When an electrical system is deployed in a remote

location, access is generally limited by the remoteness of that
location, and so an electrical system tends to lack regular
examination and maintenance. When combining a lack of
maintenance With an outdoor installation, electrical systems
can suffer a high failure rate.

[0004] Ideally, a completely sealed electrical system Would
offer protection against the elements and presumably, a
longer service life for the system. HoWever, as a practical

geously employed as component enclosures to aid in protect

ing components against liquids and solid objects.
Additionally, the physical installation of electrical compo
nents and connectors may be con?gured to help prevent the
migration of Water and damage to electrical systems. For
example, installing a “U bend” or loop in cabling just before
a connection provides a point loWer on the cable than the
connector and permits Water to run off of a cable to prevent
entry of Water into a connector. The shed or component enclo

sure may protect the electrical system from snoW, hail leaves

and the like, but it cannot practically be sealed against
changes in temperature or humidity. It is the changes in tem
perature and humidity that lead to problems With condensa
tion and the introduction of moisture Within the electrical

system’s component housings. Other avenues for moisture
intrusion may include plug openings, the interior of cabling,
imperfect or deteriorating seals and thermal expansion and
contraction of sealed gases or enclosure components.

[0006] Instead of attempting to prevent the failure of the
electrical system inde?nitely, it may be advantageous to
monitor the condition of the electrical system and provide
maintenance and replacement of parts prior to actual failure.
Ideally, maintenance Would take place prior to any failure of
the system so that the system may be kept up and running as
consistently as possible.
[0007] Monitoring the humidity a particular system instal
lation has been exposed to is one method for determining the
exposure over time that a particular piece of equipment has
been exposed to. Attempts to monitor the conditions have
been made by electronic humidity sensors but With little long
term success. The issue With electronic humidity sensors is

that the humidity sensing element must remain exposed to the
elements and is prone to corrosion itself. This sensing ele
ment corrosion also tends to occur faster than most other
electrical system components because the sensor has no pro

connections or access panels that offer openings for moisture

tection from the elements, While other electrical system com
ponents have some sheathing or enclosure based protection.
This difference in Weather protection tends to cause the
humidity sensor to corrode and fail faster than other, more

or other adulterants to corrode or interfere With the electrical

protected electrical components.

matter, an electrical system cannot be completely sealed

because the system needs maintenance, updating, repair and
the like. Most electrical systems require plugs, cabling inter
system. Permitting moisture in the form of humidity or liq

[0008]

uids to contact the metal conductors of the electrical system
can cause the metal circuits to corrode and eventually fail.

sors include desiccant humidity indicators that change color
depending on the humidity level. For example, cobalt chlo
ride turns from blue to purple to pink depending on the
humidity level and resulting Waters saturation of the desic

Even Well knoWn conductors like aluminum, tin, lead, copper,
and related alloys can oxidiZe When exposed to liquids. And
galvanic corrosion is a Well knoWn issue that arises When
dissimilar metals are able to exchange ions via direct contact
or a liquid pathWay. This can particularly be a problem Where

connectors, cables, Wires, traces, solder joints and the like are
made from different metals and are exposed to moisture.

Other attempts to use non-electrical humidity sen

cant. Similarly, copper chloride turns from broWn or yelloW to
blue depending on its moisture saturation level. Common
uses of desiccant humidity indicators are desiccant plugs for
large volumes spaces or desiccant humidity indicator cards
for small volume or sealed spaces. The advantage of a desic

Systems for sheltering the electrical system from the ele

cant style humidity indicator is that the indicator Will shoW

ments can offer some respite from the Water and prolong the
useful life of an electrical system, but even With such enclo
sures, the electrical system Will still fail at some point.

the current humidity at a given time because the desiccant can
vary its color When the humidity rises or falls. In contrast,

[0005]

cal that “melts” or runs on a card or surface once the humidity

Another issue With such electrical system installa

tions is condensation. Many sheltered units are sheltered form
major events but the shelters are not hermetically sealed units.
For example, a concrete or metal shed type enclosure may be
used to house an electrical system Where the components of

maximum humidity indicators may have a crystalline chemi
in a space reaches a certain point. That process is not revers
ible, and so a user can determine Whether the humidity in that

space exceeded some predetermined amount in any given
time.
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[0009]

The disadvantage to a chemical indicator such as a

desiccant is that a user must observe the desiccant’s color at a

particular time to determine the instantaneous humidity level.
The desiccants have a longer useful life than an electrical
sensor, but must be physically observed. Without some

method of transmitting the humidity data to a central moni
toring station, the individual installation sites must be visited
manually to revieW the state of the desiccant at each installa
tion.
SUMMARY OF THE INVENTION

[0010]

The presented principles are directed to an appara

tus for monitoring humidity exposure of system components,
With the apparatus having sensor modules for collecting envi
ronmental data and a monitoring module With a humidity
indicator and an electrical monitoring component sealed from

the environment that reads a physical change in the humidity
indicator to determine the humidity of the environment. An
installation computer may transmit the humidity data and
sensor readings to a central monitoring station for processing
and storage. The apparatus may further include an antenna for
Wireless transmissions and/or a modem for handling one or

more data streams. The humidity indicator may be disposed
Within an enclosure to determine the humidity Within that
enclosure. The sensors may be installed outside of the enclo
sure to permit measurements of data in the environment out

side of the system’s enclosure.
[0011] In some embodiments, the humidity indicator may
be a desiccant that changes color cased on the humidity, and
the electrical monitoring component may be a camera con

?gured to take video data of the desiccant. The desiccant may
be embedded in a card With printed registration marks or a

color comparison indicator for compensating for atmospheric
condition and determining the desiccant color and humidity
value. The camera may further include lights for illuminating
the desiccant and/or lens ?lters for clarifying the video image
data read from the desiccant.
[0012] Some embodiments may also have the installation
computer con?gured to take sensor or humidity readings
automatically at predetermined

