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METHOD AND APPARATUS FOR AN 
ENVIRONMENTALLY-PROTEC TED 

ELECTRONIC EQUIPMENT ENCLOSURE 

This application is a continuation-in-part of application 
Ser. No. 11/608,386, ?led Dec. 8, 2006, Which is a continu 
ation-in-part of application Ser. No. 11/317,414, ?led Dec. 
22, 2005, the contents of Which are incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

The present invention generally relates to electronic equip 
ment enclosures, and more particularly to environmentally 
protected electronic equipment enclosures that incorporate 
high-e?iciency cooling techniques. 

BACKGROUND 

The proliferation of technology in today’s society has cre 
ated such a dependence that life Without it Would likely cease 
to exist as it is knoWn today. For example, the convenience of 
communication devices such as Wireless telephones, Wireless 
pagers, and personal digital assistants (PDAs) have facilitated 
visual, audible, and tactile communications to be conducted 
virtually anytime and anyWhere. 

Portable computing devices, such as laptop computers, 
have also contributed to technology proliferation, since they 
alloW productive activity in a hotel room, on an airplane, or 
simply in the comfort of one’s oWn home. Individuals, hoW 
ever, are not the only members of society that are taking 
advantage of today’s technology. Business units in virtually 
all ?elds of commerce have come to depend upon the 
advancement of technology to provide the edge that is 
required to keep them competitive. 
A particular business entities’ operations, for example, 

may require primarily static operational facilities, or con 
versely may require primarily dynamic operational facilities. 
Regardless of the nature of the business entities’ operations, 
they Will most likely depend upon advancements in technol 
ogy to maintain their competitive edge. The operations of 
disaster relief organizations, for example, may be character 
iZed as primarily dynamic, since the locale of a disaster relief 
organiZations’ operations may be the epicenter of a recent 
earthquake, or a ?ood Zone left in the Wake of a recent hurri 
cane. Other primarily dynamic business operations may be 
exempli?ed by those of a local crime scene investigation 
(CSI) laboratory, Whose primary activities include the collec 
tion and analysis of forensic evidence at a remote crime scene. 
Other primarily dynamic business operations may include 
those of neWs and movie industries, Whereby collection of 
digital data is the primary objective during their respective 
operations. 

Conversely, the characteriZation of a particular business 
entities’ operation may be one that is primarily static. For 
example, telecommunication facilities are often provided all 
over the World to facilitate Wireless and/or terrestrial based 
communications. Such installations often include sWitch 
equipment rooms that include a large number of electronic 
equipment racks that have been installed to provide both 
circuit sWitched, and packet sWitched, data exchange. Other 
forms of primarily static installations may include data 
migration centers, Which offer large amounts of storage capa 
bility for a variety of applications that require data integrity. 

It can be seen, therefore, that business operations conform 
ing to either of the primarily static, or primarily dynamic, 
paradigm have occasion to provide electronic facilities that 
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2 
require at least some aspects of mobility. Primarily dynamic 
entities, for example, are often faced With the daunting task of 
mobiliZing data computation and data storage facilities into 
an area that is not particularly conducive to such operations. 
A military unit, for example, may require temporary data 
storage and computational facilities at a site that is primarily 
characteriZed by extreme conditions, such as a desert or tropi 
cal environment. As such, the data computation/storage 
facilities required by the military unit are required to be 
mobile and operational in an environment that is particularly 
prone to at least one of high temperature, high humidity, 
and/or dust contamination. Furthermore, such an environ 
ment may not be particularly secure, nor topographically 
conducive, to the transportability of highly sensitive electron 
ics. 

Primarily static entities are also in need of mobile elec 
tronic facilities, since such facilities may be vulnerable to 
equipment failure, or simply may be in need of equipment 
upgrade. As such, a mobile electronic solution is needed to 
provide electronic equipment replacement, or augmentation, 
to fully support the replacement of failed electronics, or to 
augment the current capabilities of the electronic facility. 

Traditional electronic enclosure solutions, hoWever, sim 
ply fail in many respects to meet the demands of today’s 
electronic enclosure requirements. Cooling techniques 
implemented Within traditional electronic enclosures, for 
example, simply do not offer the ef?ciencies required to cool 
today’s high-density electronic applications. Furthermore, 
environmental protection for today’s electronic equipment 
enclosures is virtually non-existent, since such enclosures are 
typically implemented Within buildings that offer protection 
from the environment. Efforts continue, therefore, to provide 
cooling solutions that exhibit higher cooling ef?ciencies, 
especially for outdoor electronic equipment enclosure appli 
cations. 

SUMMARY 

To overcome limitations in the prior art, and to overcome 
other limitations that Will become apparent upon reading and 
understanding the present speci?cation, various embodi 
ments of the present invention disclose an apparatus and 
method of providing environmentally-protected electronic 
equipment enclosures. Certain of the environmentally-pro 
tected characteristics may include protection from environ 
mental contaminants, such as falling dirt, rain, sleet, snoW, 
WindbloWn dust, splashing Water, hose-directed Water, and 
ice. Improved cooling through Zero-bypass ducting is also 
provided Within the environmentally-protected electronic 
equipment enclosures. 

In accordance With one embodiment of the invention, an 
electronic component enclosure comprises a pedestal that is 
adapted to accept forks of a jacking device, an inner frame 
that is coupled to the pedestal, Where the inner frame is 
adapted to accept a ?rst set of electronic components. Move 
ment of the inner frame is facilitated by movement of the 
pedestal by the jacking device. 

In accordance With another embodiment of the invention, 
an electronic component enclosure comprises a platform, an 
inner frame that is coupled to the platform, an enclosure 
surrounding the inner frame, a ?rst set of electronic compo 
nents mounted Within the inner frame and an environment 
control unit coupled to the enclosure, Where the environment 
control unit is adapted to generate air?oW. The electronic 
component enclosure further comprises a plenum formed 
beloW the inner frame, Where the plenum forms a duct to 
direct the air?oW to the ?rst set of electronic components. The 
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electronic component enclosure further comprises a ducted 
channel that is coupled to the environment control unit and 
the plenum to direct the air?ow from the environment control 
unit to the plenum. 

In accordance With another embodiment of the invention, 
an electronic component enclosure comprises a platform, an 
inner frame that is coupled to the platform, a ?rst set of 
electronic components mounted Within the inner frame, and a 
Water-resistant enclosure coupled to the inner frame. The 
Water-resistant enclosure is adapted to shield the ?rst set of 
electronic components from contaminants. 

In accordance With another embodiment of the invention, 
an electronic equipment enclosure comprises an inner frame, 
electronic components mounted Within the inner frame, an 
enclosure surrounding the inner frame, and a plenum that is 
formed beloW the inner frame, the plenum being adapted to 
direct air?oW to the electronic components. The electronic 
components receive the air?oW from a ?rst region Within the 
enclosure and exhaust the air?oW into a second region Within 
the enclosure, the ?rst region having a higher pressure relative 
to the second region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various aspects and advantages of the invention Will 
become apparent upon revieW of the folloWing detailed 
description and upon reference to the draWings in Which: 

FIG. 1A illustrates an exemplary mobile electronic equip 
ment rack; 

FIG. 1B illustrates an exemplary block diagram of a pneu 
matically sprung sWivel caster mechanism that may be used 
in the mobile electronic equipment rack of FIG. 1A; 

FIG. 1C illustrates an alternate embodiment of a mobile 
electronic equipment rack; 

FIG. 2 illustrates an exploded vieW of the mobile electronic 
equipment rack of FIGS. 1A and 1B; 

FIG. 3 illustrates an alternate vieW of the mobile electronic 
equipment rack of FIGS. 1A and 1B; 

FIG. 4A illustrates an exemplary schematic diagram of a 
multi-axis suspension system; 

FIG. 4B illustrates an exemplary schematic diagram of an 
alternate, multi-axis suspension system; 

FIG. 5 illustrates an exemplary schematic diagram of an 
alternate, multi-axis suspension system; 

FIG. 6A illustrates an exemplary ?oW diagram of a method 
of providing coarse suspension control; 

FIG. 6B illustrates an exemplary ?oW diagram of a method 
of providing ?ne suspension control; 

FIG. 7 illustrates an environment-resistant electronic 

enclosure; 
FIG. 8 illustrates air?oW control Within the environment 

resistant electronic enclosure of FIG. 7; 
FIG. 9 illustrates an alternate embodiment of the environ 

ment-resistant electronic enclosure of FIG. 7; 
FIG. 10 illustrates a liquid-based heat exchanger adapted 

for use Within the environment-resistant electronic enclosure 
of FIG. 9; 

FIG. 11 illustrates an active thermal management system 
incorporated an environment-resistant electronic enclosure; 
and 

FIG. 12 illustrates an alternate embodiment of the environ 
ment-resistant electronic enclosure of FIG. 7. 

DETAILED DESCRIPTION 

Generally, the various embodiments of the present inven 
tion are applied to an electronic equipment rack that, inter 
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4 
alia, may provide mobility through directional self-propul 
sion and multi-axis suspension. The electronic equipment 
rack may further provide self-poWered operation and envi 
ronmental control With Wireless access, While protecting 
against unauthorized access, electromagnetic interference, 
and dust contamination. 

In one embodiment, for example, the mobile electronic 
equipment rack may utiliZe a tWo-sided platform, Whereby 
support is provided for electronic components mounted on 
one side of the platform and directional propulsion is pro 
vided on the other side of the platform. Directional control 
may be provided via a Wired, electronic tether, or conversely 
may be provided via Wireless control. 

Accordingly, the mobile electronic equipment rack may 
?rst be fully populated With electronic components and then 
utiliZed as a remotely piloted transport mechanism to trans 
port the mobile electronic equipment rack to any position/ 
location that may be necessary for a given application. A 
multi-axis suspension system may be further employed 
Within the mobile electronic equipment rack to substantially 
eliminate the transfer of kinetic energy to the electronic com 
ponents that are contained Within the mobile electronic equip 
ment rack during positioning/re-location. 

In an alternate embodiment, a non-mobile electronic 
equipment rack may be provided Without directional self 
propulsion. In this instance, a multi-axis suspension system is 
nevertheless employed so that kinetic energy resulting from 
for example, seismic events may be substantially absorbed. 
Non-mobile electronic equipment racks in non-stable envi 
ronments, such as on Water based vessels or off-shore oil 
derricks, may also be equipped With a multi-axis suspension 
system so as to substantially absorb Wave induced kinetic 
energy. 

Other, non-mobile electronic equipment rack applications 
may include airborne applications, Whereby kinetic energy 
transfer due to atmospheric turbulence may also be substan 
tially eliminated. Still other non-mobile electronic equipment 
rack applications may include motor vehicle based applica 
tions, Whereby kinetic energy transfer due to non-ideal road 
conditions may also be substantially eliminated. 

In still other embodiments, mobile or non-mobile elec 
tronic equipment enclosures may not utiliZe a multi-axis sus 
pension system at all. Rather, such electronic equipment 
enclosures are intended for use in areas that are not subject to 
movement. Altemately, such electronic equipment enclo 
sures may be subject to movement that is someWhat benign, 
resulting in minimal kinetic energy transfer to the electronic 
components contained Within the electronic equipment 
enclosures. 

In either of the mobile, or non-mobile, electronic equip 
ment rack embodiments, a multi-mode, dampened suspen 
sion system may be utiliZed. In the ?rst mode of suspension, 
coarse suspension control is provided to effect a Weight bear 
ing support, Whereby the magnitude of support provided 
adapts to the combined Weight of the electronic components 
and their respective mounting enclosure. For example, as 
electronic components are added, the coarse suspension con 
trol adapts by increasing the amount of opposing force that is 
necessary to maintain the position of the electronic compo 
nents Within a coarse position range. Conversely, as elec 
tronic components are removed, the coarse suspension con 
trol adapts by decreasing the amount of opposing force that is 
necessary to maintain the position of the electronic compo 
nents Within the coarse position range. 

In a second mode of suspension, ?ne suspension control 
may be provided through a damper mechanism, Which 
opposes movement and seeks to maintain a position of the 
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payload Within a ?ne position range. In a ?rst embodiment, a 
static, magnetorheologically (MR) controlled damper force 
may be applied to effect static dampening. In particular, a 
statically controlled MR damper signal is provided to the 
damper mechanism to provide a ?xed amount of damper 
force to maintain the mounting enclosure Within a ?ne posi 
tion range. 

In an alternate embodiment, the damper force may be 
adaptive, such that the magnitude of the damper force is set in 
response to an adaptive, MR feedback control signal from, for 
example, a micro-electro mechanical system (MEMS) accel 
erometer measurement device. As such, the damper force 
may be adaptively increased in response to accelerometer 
feedback indicating increased acceleration. Conversely, the 
damper force may be adaptively decreased in response to 
accelerometer feedback indicating decreased acceleration. 

Athird mode of suspension may utiliZe a combination of an 
air piston and an air reservoir to implement a pneumatic 
spring. In such an instance, the use of coiled energy springs, 
or any other mechanical spring mechanism, is obviated, since 
the interaction of the air piston With the elasticity of the air 
reservoir combines to generate a spring-like action. A fourth 
mode of suspension may utiliZe elastomeric mounts having 
variable resonant frequencies, such that vibration/shock 
absorbing properties of the variable frequency elastomeric 
mounts may be staggered in frequency to expand the opera 
tional bandWidth of the suspension system. 

Once the electronic equipment rack arrives at its desig 
nated position/location, or conversely is operated in a non 
mobile application as discussed above, poWer may be applied 
to the electronic equipment rack via an external poWer bus, so 
that each electronic component Within the electronic equip 
ment rack may be made to be fully operational. Operational 
poWer is typically applied in an alternating current (AC) 
mode, Which in one embodiment, may necessitate conversion 
to a direct current (DC) mode prior to application to the 
electronic components. 

In other embodiments, hoWever, AC poWer may be directly 
applied to the electronic components once the AC poWer has 
been appropriately conditioned. PoWer conditioning, for 
example, may be applied to the incoming AC poWer signal, to 
?lter electro-magnetic interference (EMI), or any other form 
of noise, from the incoming AC poWer signal. The poWer 
conditioner may also utiliZe an isolation transformer to iso 
late the electronic components from poWer surges existing 
Within an AC poWer signal received, for example, from a 
common poWer grid. Once conditioned, the AC poWer may 
then be applied to an internal poWer bus Within the electronic 
equipment rack for consumption by the electronic compo 
nents. 

In such instances, for example, operation of the electronic 
components Within the electronic equipment rack may be 
compatible (e. g., through operation of the poWer conditioner) 
With AC poWer grids operating at a plurality of amplitudes, 
e.g., ll0VAC or 220VAC, and a plurality offrequencies, e.g., 
50 HZ or 60 HZ. In an alternate embodiment, the poWer 
conditioner may also be utiliZed in aviation applications, 
Where the poWer grid may be operating at a DC potential of 28 
VDC, or conversely, 115/230 VAC at 400 HZ or 480 HZ. 

Additionally, any noise that may be propagated from the 
electronic components to the internal poWer bus may also be 
?ltered by the poWer conditioner, so that other equipment 
operating from the common poWer grid may be substantially 
free of noise contamination that may be generated by the 
electronic components. Furthermore, the electronic equip 
ment rack may be fully encapsulated Within an environment 
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6 
proof enclosure that may act as an EMI protective shield so as 
to limit the amount of EMI propagating into, or from, the 
electronic equipment rack. 
The environment proof enclosure may also serve to main 

tain the electronic equipment rack Within a substantially con 
stant operational temperature range. In such an instance, the 
temperature Within the environment proof enclosure is held 
substantially constant irrespective of the temperature varia 
tion outside of the environment proof enclosure and irrespec 
tive of the amount of heat generated by the electronic com 
ponents operating Within the electronic equipment rack. 

In one embodiment, a heating, ventilation, and air condi 
tioning (HVAC) unit may be mounted on any side of the 
environment proof enclosure. An internal channel, or ducting 
system, may be utiliZed to direct heat exchanged, i.e., cooled, 
air?oW from the HVAC unit toWard the opposite end of the 
electronic equipment rack. The cooled air is then alloWed to 
How upWard, so that the electronic components operating 
Within the electronic equipment rack may draW the cooled air 
into their respective interiors for cooling. 
Once the air conditioned air is draWn into the individual 

electronic component interiors, heat is exchanged from the 
individual electronic components to the cooled air?oW to 
effectively maintain the electronic components operational 
Within their respective temperature limits. The heated air may 
then be vented from the individual electronic components and 
collected at the other end of the electronic equipment rack for 
cooling by the HVAC unit. 

In addition to maintaining air temperature Within the envi 
ronment proof enclosure, humidity may also be controlled by 
the HVAC unit through appropriate humidi?cation control 
via, e.g., mechanical refrigeration or desiccant-based dehu 
midi?cation. Thus, the HVAC implemented humidity control 
may correct for excessively high humidity, so that corrosion 
of electrical contacts Within the environment proof enclosure 
is virtually eliminated. Conversely, the HVAC implemented 
humidity control may also correct for excessively loW humid 
ity, so that electrostatic discharge effects (ESD) may be miti 
gated. 

Alternative active thermal management techniques may 
also be utiliZed Within the environment proof enclosure, 
Which may include liquid-based cooling systems, Where liq 
uids such as Water, refrigerant, glycol, etc., may be used to 
remove heat that is generated Within the environment proof 
enclosure. Sensor input data generated from thermal, air?oW, 
poWer, and ?uid ?oW sensors Within the environment proof 
enclosure may be further utiliZed to maximiZe heat removal 
ef?ciency through dynamic control of a combination of vari 
able speed fans, variable ?oW rate ?uid pumps, and digitally 
controlled compressors. 

Since the environmental control system is a closed loop 
system, dust control is inherently implemented Within the 
environment proof enclosure. That is to say, for example, that 
heat is exchanged Without introduction of external air into the 
environment proof enclosure. As such, not only is dust pre 
vented from entering the environment proof enclosure, but 
any dust that may be trapped Within the environment proof 
enclosure prior to sealing, is immediately captured by an 
internal dust ?lter during circulation of the heat exchanged 
air?oW from the HVAC unit. 

Data egress from the environment proof enclo sure and data 
ingress to the environment proof enclosure may be accom 
plished, for example, via a multiple-in, multiple-out (MIMO) 
Wireless interface. In particular, multiple antennas may be 
used to provide a diverse, Wireless access point (WAP), 
Whereby multipath signals may each be received and coher 
ently combined for added signal strength. As such, the range 
























