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(57) ABSTRACT 

A method and apparatus for an electronic equipment enclo 
sure that provides directed air?ow only to those volumes 
Within the enclosure that require the air?ow. The electronic 
equipment enclosure further provides protection from con 
taminants such as falling dirt, rain, sleet, snoW, WindbloWn 
dust, splashing Water, hose-directed Water, and ice. A pedestal 
may be coupled to the electronic equipment enclosure that 
facilitates movement of the electronic equipment enclosure 
via a pallet jack, forklift, front loader, or similar jacking 
device. A sidecar may also be coupled to one or more sides of 
the electronic equipment enclosure to facilitate vertically 
mounted equipment Within the sidecar. 
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METHOD AND APPARATUS FOR AN 
ENVIRONMENTALLY-PROTEC TED 

ELECTRONIC EQUIPMENT ENCLOSURE 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 11/608,386, ?led Dec. 8, 2006, Which is a 
continuation-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 

[0002] The present invention generally relates to electronic 
equipment enclosures, and more particularly to environmen 
tally-protected electronic equipment enclosures that incorpo 
rate high-ef?ciency cooling techniques. 

BACKGROUND 

[0003] The proliferation of technology in today’s society 
has created such a dependence that life Without it Would likely 
cease to exist as it is knoWn today. For example, the conve 
nience of communication devices such as Wireless tele 
phones, Wireless pagers, and personal digital assistants 
(PDAs) have facilitated visual, audible, and tactile commu 
nications to be conducted virtually anytime and anyWhere. 
[0004] Portable computing devices, such as laptop comput 
ers, 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, 
hoWever, 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. 
[0005] A particular business entities’ operations, for 
example, may require primarily static operational facilities, 
or conversely may require primarily dynamic operational 
facilities. Regardless of the nature of the business entities’ 
operations, they Will most likely depend upon advancements 
in technology to maintain their competitive edge. The opera 
tions of disaster relief organizations, for example, may be 
characterized 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 hurricane. Other primarily dynamic business opera 
tions may be exempli?ed by those of a local crime scene 
investigation (CSI) laboratory, Whose primary activities 
include the collection and analysis of forensic evidence at a 
remote crime scene. Other primarily dynamic business opera 
tions may include those of neWs and movie industries, 
Whereby collection of digital data is the primary objective 
during their respective operations. 
[0006] Conversely, the characterization of a particular busi 
ness 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. 
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[0007] It can be seen, therefore, that business operations 
conforming to either of the primarily static, or primarily 
dynamic, paradigm have occasion to provide electronic 
facilities that require at least some aspects of mobility. Pri 
marily dynamic entities, for example, are often faced With the 
daunting task of mobilizing data computation and data stor 
age 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 tropical environment. As such, the data computa 
tion/ 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 
environment may not be particularly secure, nor topographi 
cally conducive, to the transportability of highly sensitive 
electronics. 
[0008] Primarily static entities are also in need of mobile 
electronic 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. 
[0009] Traditional electronic enclosure solutions, hoWever, 
simply 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 

[0010] To overcome limitations in the prior art, and to over 
come other limitations that Will become apparent upon read 
ing and understanding the present speci?cation, various 
embodiments of the present invention disclose an apparatus 
and method of providing environmentally-protected elec 
tronic equipment enclosures. Certain of the environmentally 
protected characteristics may include protection from envi 
ronmental 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. 
[0011] In accordance With one embodiment of the inven 
tion, 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. 
[0012] 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 
components mounted Within the inner frame and an environ 
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ment control unit coupled to the enclosure, Where the envi 
ronment control unit is adapted to generate air?ow. The elec 
tronic 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 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. 
[0013] 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. 
[0014] 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 ple 
num 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 

[0015] 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: 
[0016] FIG. 1A illustrates an exemplary mobile electronic 
equipment rack; 
[0017] FIG. 1B illustrates an exemplary block diagram of a 
pneumatically sprung sWivel caster mechanism that may be 
used in the mobile electronic equipment rack of FIG. 1A; 
[0018] FIG. 1C illustrates an alternate embodiment of a 
mobile electronic equipment rack; 
[0019] FIG. 2 illustrates an exploded vieW of the mobile 
electronic equipment rack of FIGS. 1A and 1B; 
[0020] FIG. 3 illustrates an alternate vieW of the mobile 
electronic equipment rack of FIGS. 1A and 1B; 
[0021] FIG. 4A illustrates an exemplary schematic diagram 
of a multi-axis suspension system; 
[0022] FIG. 4B illustrates an exemplary schematic diagram 
of an alternate, multi-axis suspension system; 
[0023] FIG. 5 illustrates an exemplary schematic diagram 
of an alternate, multi-axis suspension system; 
[0024] FIG. 6A illustrates an exemplary ?oW diagram of a 
method of providing coarse suspension control; 
[0025] FIG. 6B illustrates an exemplary ?oW diagram of a 
method of providing ?ne suspension control; 
[0026] FIG. 7 illustrates an environment-resistant elec 
tronic enclosure; 
[0027] FIG. 8 illustrates air?oW control Within the environ 
ment-resistant electronic enclosure of FIG. 7; 
[0028] FIG. 9 illustrates an alternate embodiment of the 
environment-resistant electronic enclosure of FIG. 7; 
[0029] FIG. 10 illustrates a liquid-based heat exchanger 
adapted for use Within the environment-resistant electronic 
enclosure of FIG. 9; 
[0030] FIG. 11 illustrates an active thermal management 
system incorporated an environment-resistant electronic 
enclosure; and 
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[0031] FIG. 12 illustrates an alternate embodiment of the 
environment-resistant electronic enclosure of FIG. 7. 

DETAILED DESCRIPTION 

[0032] Generally, the various embodiments of the present 
invention are applied to an electronic equipment rack that, 
inter alia, may provide mobility through directional self-pro 
pulsion 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. 
[0033] In one embodiment, for example, the mobile elec 
tronic equipment rack may utiliZe a tWo-sided platform, 
Whereby support is provided for electronic components 
mounted on one side of the platform and directional propul 
sion is provided 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. 
[0034] Accordingly, the mobile electronic equipment rack 
may ?rst be fully populated With electronic components and 
then utiliZed as a remotely piloted transport mechanism to 
transport the mobile electronic equipment rack to any posi 
tion/ 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. 
[0035] In an alternate embodiment, a non-mobile elec 
tronic equipment rack may be provided Without directional 
self-propulsion. In this instance, a multi-axis suspension sys 
tem 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 environments, 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. 
[0036] Other, non-mobile electronic equipment rack appli 
cations may include airborne applications, Whereby kinetic 
energy transfer due to atmospheric turbulence may also be 
substantially eliminated. Still other non-mobile electronic 
equipment rack applications may include motor vehicle 
based applications, Whereby kinetic energy transfer due to 
non-ideal road conditions may also be substantially elimi 
nated. 
[0037] In still other embodiments, mobile or non-mobile 
electronic equipment enclosures may not utiliZe a multi-axis 
suspension 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. 
[0038] In either of the mobile, or non-mobile, electronic 
equipment rack embodiments, a multi-mode, dampened sus 
pension system may be utiliZed. In the ?rst mode of suspen 
sion, coarse suspension control is provided to effect a Weight 
bearing 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 
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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. 
[0039] 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 payload Within a ?ne position range. In a ?rst embodi 
ment, 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. 
[0040] 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) 
accelerometer measurement device. As such, the damper 
force may be adaptively increased in response to accelerom 
eter feedback indicating increased acceleration. Conversely, 
the damper force may be adaptively decreased in response to 
accelerometer feedback indicating decreased acceleration. 
[0041] A third mode of suspension may utiliZe a combina 
tion 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 elas 
ticity 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 vibra 
tion/ shock absorbing properties of the variable frequency 
elastomeric mounts may be staggered in frequency to expand 
the operational bandWidth of the suspension system. 
[0042] Once the electronic equipment rack arrives at its 
designated 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 equipment rack may be made to be fully opera 
tional. Operational poWer is typically applied in an altemat 
ing current (AC) mode, Which in one embodiment, may 
necessitate conversion to a direct current (DC) mode prior to 
application to the electronic components. 
[0043] In other embodiments, hoWever, AC poWer may be 
directly applied to the electronic components once the AC 
poWer has been appropriately conditioned. PoWer condition 
ing, 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 
isolate 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. 

[0044] 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 
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amplitudes, e.g., 110 VAC or 220 VAC, and a plurality of 
frequencies, e. g., 50 HZ or 60 HZ. In an alternate embodiment, 
the poWer conditioner may also be utiliZed in aviation appli 
cations, Where the poWer grid may be operating at a DC 
potential of 28 VDC, or conversely, l l5/230VAC at 400 HZ or 
480 HZ. 

[0045] 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 equip 
ment operating from the common poWer grid may be substan 
tially free of noise contamination that may be generated by 
the electronic components. Furthermore, the electronic 
equipment rack may be fully encapsulated Within an environ 
ment 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. 
[0046] The environment proof enclosure may also serve to 
maintain the electronic equipment rack Within a substantially 
constant operational temperature range. In such an instance, 
the temperature Within the environment proof enclosure is 
held substantially constant irrespective of the temperature 
variation outside of the environment proof enclosure and 
irrespective of the amount of heat generated by the electronic 
components operating Within the electronic equipment rack. 
[0047] In one embodiment, a heating, ventilation, and air 
conditioning (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. 
[0048] Once the air conditioned air is draWn into the indi 
vidual electronic component interiors, heat is exchanged 
from the individual electronic components to the cooled air 
HOW to effectively maintain the electronic components opera 
tional Within their respective temperature limits. The heated 
air may then be vented from the individual electronic com 
ponents and collected at the other end of the electronic equip 
ment rack for cooling by the HVAC unit. 
[0049] In addition to maintaining air temperature Within the 
environment proof enclosure, humidity may also be con 
trolled by the HVAC unit through appropriate humidi?cation 
control via, e.g., mechanical refrigeration or desiccant-based 
dehumidi?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 exces 
sively loW humidity, so that electrostatic discharge effects 
(ESD) may be mitigated. 
[0050] 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. 
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[0051] 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 prevented from entering the environment proof enclo 
sure, 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. 
[0052] Data egress from the environment proof enclosure 
and data ingress to the environment proof enclosure may be 
accomplished, 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 
coherently combined for added signal strength. As such, the 
range of access and data rate may be considerably increased 
as compared, for example, to the IEEE 802.1 1a, 802.1 lb, and 
802.11g family of Wireless communication speci?cations. 
[0053] Data egress and ingress to the environment proof 
enclosure may also be accomplished via a keyboard, video, 
mouse (KVM) Wireless sWitch. The KVM Wireless sWitch 
may be used, for example, to alloW access to netWork man 
agement and control features that may be provided by the 
electronic components hosted Within the environment proof 
enclosure. It should be noted, that both the MIMO and KVM 
interfaces alloW access to the electronic components, While 
the electronic components are operational Within the environ 
ment proof enclosure. An alternate, Wired interface may also 
be used in addition to, or instead of, the KVM and/ or MIMO 
Wireless interfaces for essentially the same purposes. 
[0054] Security and safety features may also be incorpo 
rated Within the electronic equipment rack, so that unautho 
riZed access to the data storage, computational resources, or 
any other application of the electronic components, may be 
prohibited. Other security features may employ a multi-user/ 
multi-function access control to alloW permission for speci?c 
users to perform speci?c functions. For example, speci?c 
users may be individually authorized to mobiliZe and/ or ener 
giZe the mobile electronic equipment rack. Speci?c users may 
also be individually authorized to access the mobile elec 
tronic equipment rack via electronically controlled access 
hatches should it be encapsulated Within an environment 
proof enclosure. 
[0055] Turning to FIG. 1A, an exemplary embodiment of a 
mobile electronic equipment rack is illustrated. Directional 
self-propulsion may be facilitated by mobility control device 
106, Which may be mounted to a bottom surface of platform 
120. Mobility control device 106 may be electro-mechani 
cally controlled via, for example, a DC drive motor (not 
shoWn), to convert mobility control signals into directional 
propulsion to maneuver the mobile electronic equipment rack 
into its designated position/location. 
[0056] Mobility control signals may be provided to mobil 
ity control device 106 through a Wireless, or Wired, medium. 
Wired access, for example, may be supplied via a tether 
control mechanism (not shoWn) that may be attached via 
patch panel 116, or some other interface. One of input/ output 
(I/O) interface connectors 118, for example, may facilitate 
exchange of mobility control signals to/from mobility control 
device 106. 
[0057] A Wide variety of mobility control information may 
be accepted by mobility control device 106 to control such 
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mobility aspects as velocity, direction, and acceleration/de 
celeration. A center Wheel drive, for example, may be utiliZed 
to receive directional control signals to provide 360 degree 
maneuverability of the mobile electronic equipment lack via 
drive Wheels 126. In particular, drive Wheel 126 and the 
opposing drive Wheel (not shoWn) are independently acti 
vated via an articulated transaxle drive, Which facilitates a 0 
degree turn radius. Casters 128 are also provided for stability, 
both during transport, as Well as during stationary operation. 
As discussed in more detail beloW, user’s Wishing to maneu 
ver the mobile electronic equipment rack via mobility control 
device 106 may ?rst be required to authenticate themselves 
through security control features implemented Within the 
mobile electronic equipment rack. 
[0058] Turning to FIG. 1B, an alternate embodiment is 
illustrated, Whereby casters 128 may provide an additional 
mode of suspension, While simultaneously providing an 
adjustable ride height of the mobile electronic equipment 
rack. In particular, the pneumatically sprung sWivel caster 
mechanism of FIG. 1B may provide an independently con 
trolled ride height for each corner of the mobile electronic 
equipment rack depending upon the terrain. 
[0059] For example, should the mobile electronic equip 
ment rack be required to traverse an incline, the fore mounted 
pneumatically sprung sWivel casters may be commanded to a 
ride height that is higher than a ride height of the aft mounted 
pneumatically sprung sWivel casters, so as to provide 
increased ground clearance at the leading edge of the mobile 
electronic equipment rack as compared to the trailing edge. 
Such ride height control may be adapted, for example, to 
prevent striking the inclined surface With the bottom portion 
of the mobile electronic equipment rack during traversal of 
the incline. 

[0060] Caster 154 is mounted to pivoting axle 158 and is 
alloWed to rotate about axis 188 to facilitate mobility of the 
mobile electronic equipment rack. Air piston 166 is mounted 
to pivoting axle 158 via mount 184, Which is located at the 
opposite end of pivoting axle 158 With respect to caster 154. 
Air piston 166 may be programmably adapted by controller 
156 to either contract its length along axis 168, or expand its 
length along axis 170 so as to cause pivoting axle 158 to pivot 
about axis 186. 

[0061] If air piston 166 is programmed to contract its length 
along axis 168, for example, then pivoting axle 158 is caused 
to rotate in a counter-clockwise direction about axis 186, 
Which causes mount 184 to move upWard along axis 168. In 
response, caster 154 is caused to move doWnWard along axis 
170, Which ultimately causes sWivel plate 172 to increase its 
position along axis 190 With respect to caster 154. Thus, given 
that sWivel plate 172 is mounted to one comer of the bottom 
surface of platform 120 of the mobile electronic equipment 
rack of FIG. 1A, then that comer is caused to elevate its 
position With respect to the surface that caster 154 is rotating 
upon. 

[0062] If, on the other hand, air piston 166 is programmed 
to expand its length along axis 170, then pivoting axle 158 is 
caused to rotate in a clockWise direction about axis 186, 
Which causes mount 184 to move doWnWard along axis 170. 
In response, caster 154 is caused to move upWard along axis 
168, Which ultimately causes sWivel plate 172 to decrease its 
position along axis 190 With respect to caster 154. Thus, given 
that sWivel plate 172 is mounted to one comer of the bottom 
surface of platform 120 of the mobile electronic equipment 
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