
US 20060226289A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0226289 A1 

Robbins et al. (43) Pub. Date: Oct. 12, 2006 

(54) METHOD AND APPARATUS FOR AN Related U.S. Application Data 
ADAPTIVE SUSPENSION SUPPORT SYSTEM 

(60) Provisional application No. 60/669,225, filed on Apr. 
6, 2005. 

(75) Inventors: Jody G. Robbins, Phoenix, AZ (US); 
William E. Woodbury II, Apache Publication Classification 
Junction, AZ (US); Mark J. Miskill, 
Phoenix, AZ (US) (51) Int. Cl. 

B64D LI/06 (2006.01) 
(52) U.S. Cl. ........................................................ 244/122 R 

Correspondence Address: 
WALLACE, LLC (57) ABSTRACT 
600 E. HGHWAY 260 
SUTE 10 A method and apparatus for an adaptive, multi-axis Suspen 
PAYSON, AZ 85541 (US) sion Support system providing both coarse and fine Suspen 

sion to a payload. Coarse Suspension control is provided to 
(73) Assignee: EMIPH, LLC, Phoenix, AZ (US) maintain the payload within a coarse range of position. Fine 

Suspension control is provided by monitoring and analyzing 
(21) Appl. No.: 11/278,642 vibration characteristics in both time and frequency domains 

to determine the required amount of damper resistance to be 
(22) Filed: Apr. 4, 2006 exerted by a magnetorheological (MR) device. 

  





US 2006/0226289 A1 Patent Application Publication Oct. 12, 2006 Sheet 2 of 4 

TOHENOO NOISNEdSñS ESHWOO 

TORHINOO NO|SNECHSTIS ESHWOO 372 *-------------------------------------------|-----------------------------|-----------------------------************************* 
  



Patent Application Publication Oct. 12, 2006 Sheet 3 of 4 US 2006/0226289 A1 

s 



Patent Application Publication Oct. 12, 2006 Sheet 4 of 4 US 2006/0226289 A1 

s 

  



US 2006/0226289 A1 

METHOD AND APPARATUS FOR ANADAPTIVE 
SUSPENSION SUPPORT SYSTEM 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/669,225, filed Apr. 6, 2005, the 
content of which is incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention generally relates to suspen 
sion Support systems, and more particularly to adaptive 
Suspension Support systems. 

BACKGROUND 

0003. Since the advent of the wheel, mobility has per 
meated most aspects of life. From the animal drawn buggies 
and carts of yesteryear, to today's most Sophisticated trans 
portation vehicles, literally hundreds of millions of people 
have come to depend on mobility in their everyday lives. 
Mobility, for example, provides faster, more efficient modes 
of operation, thus creating more productive work related 
activities and more enjoyable recreational activities. 
0004 While the wheel remains as one of the most widely 
used mechanisms to facilitate today's transportation means, 
other transportation facilitation mechanisms, such as aero 
dynamic lift and jet propulsion, have also emerged. Gener 
ally speaking, all modes of transportation are derived from 
a need to transport payload from one point to another. The 
payload to be transported may represent animate objects, 
Such as human beings, or inanimate objects, such as elec 
tronic equipment, Volatile?explosive materials, etc. 
0005. In most instances, therefore, it is advantageous to 
reduce the amount of kinetic energy that is transferred to the 
payload, no matter what the payload may be. Substantial 
elimination of the transfer of road vibration to passengers in 
a motor vehicle, for example, may serve to minimize dis 
comfort, Such as back pain, that may be caused by the road 
vibration. Furthermore, such a reduction may also serve to 
increase the passengers’ endurance during long road trips, 
while preserving energy once the destination has been 
reached. 

0006 Transportation of electronic components also pre 
sents challenges, since in many instances, the electronic 
components are required to be operational during transpor 
tation. As such, degraded performance, including complete 
malfunction, may be the unintended consequence of oper 
ating electronic components in the mobile environment, 
since due to the kinetic energy transfer, the electronic 
components may be subject to a reduced operational life. 
0007 Reduction in the amount of kinetic energy that is 
transferred to the vibration sensitive payloads during trans 
port remains as a high priority design criteria for virtually 
every mode of transportation. Current kinetic energy absorp 
tion solutions, however, tend to be largely ineffective, due in 
part to the inadequate level of shock absorption provided. 
Other kinetic energy absorption Solutions may only offer a 
static level of kinetic energy absorption and are, therefore, 
incapable of adapting shock absorption to a changing envi 
rOnment. 

0008. In a mobile environment, however, a substantial 
portion of the acceleration forces exerted on the payload are 
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time varying acceleration forces, which renders the static 
kinetic energy absorption solutions largely ineffective. 
Efforts continue, therefore, to enhance shock absorption 
performance for virtually any payload for virtually all types 
of mobile and non-mobile environments. 

SUMMARY 

0009. To overcome limitations in the prior art, and to 
overcome other limitations that will become apparent upon 
reading and understanding the present specification, various 
embodiments of the present invention disclose an apparatus 
and method of providing an adaptive Suspension Support 
system. The adaptive suspension Support system may be 
implemented in virtually any environment to Substantially 
isolate a payload from kinetic energy transfer. 
0010. In accordance with one embodiment of the inven 
tion, an adaptive Support system comprises a payload, a 
coarse Suspension device that is coupled to the payload and 
is adapted to maintain a position of the payload within a first 
range of distance, and a fine Suspension device that is 
coupled to the payload. The fine Suspension device is 
adaptively programmed via a control signal to dampen 
movement of the payload within the first range of distance. 
0011. In accordance with another embodiment of the 
invention, an equipment rack assembly comprises an enclo 
Sure that is coupled to a platform, an equipment rack that is 
coupled to the enclosure and the platform, and a shock 
absorption unit that is coupled to the enclosure and the 
equipment rack. The shock absorption unit includes a weight 
bearing device that is coupled to the equipment rack and is 
adapted to maintain a position of the equipment rack within 
a first range of distance in a first direction relative to the 
enclosure. The shock absorption unit further includes a 
dampening device that is coupled to the equipment rack. The 
dampening device is adaptively programmed via a control 
signal to dampen movement of the equipment rack within 
the first range of distance. 
0012. In accordance with another embodiment of the 
invention, an equipment stand comprises first and second 
Supports coupled to a platform and a plurality of couplings 
movably attached to the first and second supports. The 
plurality of couplings move along a length of the first and 
second Supports. The equipment stand further comprises a 
payload that is coupled to first and second couplings of the 
plurality of couplings and a shock absorption unit that is 
coupled to the first and second couplings. The shock absorp 
tion unit includes a weight bearing device that is coupled to 
the platform and is adapted to maintain a position of the 
payload within a first range of distance relative to the 
platform. The shock absorption unit further includes a 
dampening device that is coupled to the weight bearing 
device and is adaptively programmed to dampen movement 
of the payload within the first range of distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 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: 
0014 FIG. 1 illustrates an exemplary functional block 
diagram of an adaptive Suspension system; 
0015 FIG. 2 illustrates an exemplary schematic diagram 
of a multi-axis, adaptive Suspension system; 
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0016 FIG. 3 illustrates an alternative embodiment of an 
adaptive Suspension system; and 

0017 FIG. 4 illustrates an alternative embodiment of an 
adaptive Suspension system. 

DETAILED DESCRIPTION 

0018 Generally, the various embodiments of the present 
invention are applied to the protection of a payload in a 
mobile and/or non-mobile environment. In particular, pro 
tection from kinetic energy transfer may be provided to 
assorted payloads in varying embodiments, whereby adap 
tive, multi-axis Suspension is implemented to protect the 
payload from potentially destructive acceleration forces. 
0019. The multi-axis suspension system generally pro 
vides various modes of adaptability. In a first mode of 
adaptability, the multi-axis Suspension system provides 
weight adaptation, such that a dynamic weight opposition 
force is applied to maintain a position of the payload 
between first and second positions relative to an equilibrium 
position of the payload. Thus, regardless of the weight of the 
payload, the equilibrium position of the payload is never 
theless substantially maintained between first and second 
threshold positions. 
0020. In a second mode of adaptability, the multi-axis 
Suspension system provides acceleration adaptation, 
whereby a multi-dimensional damper force may be dynami 
cally adjusted in response to varying acceleration forces that 
may be imposed upon the payload. Adaptive components 
associated with the multi-axis Suspension system may 
include one or more accelerometers to monitor the accel 
eration forces. The multi-axis Suspension system may fur 
ther include one or more processing modules that may be 
used to analyze the detected acceleration forces to determine 
the proper mode of reactionary control necessary to opti 
mally dampen the detected acceleration forces. 
0021. In a first embodiment, for example, the multi-axis, 
adaptive Suspension system may be implemented for use in 
an electronic equipment rack. In this instance, the multi 
axis, adaptive Suspension system is employed so that kinetic 
energy resulting from operations in a mobile environment 
may be substantially absorbed. Exemplary electronic equip 
ment applications may include airborne applications, 
whereby kinetic energy transfers due to atmospheric turbu 
lence may be substantially eliminated. Still other electronic 
equipment rack applications may include motor vehicle 
based applications, whereby kinetic energy transfers due to 
non-ideal road conditions may also be substantially elimi 
nated. 

0022. In an alternate embodiment, the multi-axis, adap 
tive Suspension system may be used for stand alone equip 
ment that may not necessarily be mounted within an elec 
tronic equipment rack. Such stand alone equipment may be 
found, for example, in recreational vehicle (RV) applica 
tions, where common household appliances, such as video 
display units, satellite television (TV) systems, microwave 
ovens, etc., may be found. 
0023 Conventional mounting techniques for these com 
ponents within an RV typically involve hard mounting, 
whereby the components instantaneous position with 
respect to the RV's instantaneous position remains virtually 
constant. Unfortunately, hard mounting is not conducive to 
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the minimization of kinetic energy transfer to these compo 
nents. Rather, hard mounting may instead provide a fairly 
efficient means of transferring kinetic energy to the compo 
nent. Use of the multi-axis, adaptive Suspension system, 
therefore, may isolate the component from a substantial 
portion of the kinetic energy that may be transferred from a 
conventional hard mount. 

0024. In another embodiment, the adaptive suspension 
system may be used to isolate passengers in a moving 
vehicle from potentially harmful kinetic energy transfer 
during vehicular motion. In particular, seats occupied by 
each passenger may be equipped with the adaptive Suspen 
sion system, Such that kinetic energy that would otherwise 
be transferred to the passengers, may instead be adaptively 
absorbed/dampened. Thus, by effectively shock mounting 
the passenger seats using an adaptive Suspension system, the 
passengers may be substantially protected from varying 
acceleration forces that may be transferred to them as a 
result of vehicle movement. 

0025. In each of the embodiments discussed above, a 
dual mode, dampened Suspension system may be utilized. In 
the first mode of Suspension, coarse Suspension control is 
provided to effect a weight bearing support, whereby the 
magnitude of Support that is provided adapts to the com 
bined weight of the protected payload. For example, as 
electronic components are added to the electronic equipment 
rack as discussed above, the coarse Suspension control 
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 
components within the coarse position range. 

0026. In a second mode of suspension, fine suspension 
control is provided through a varying damper force, which 
opposes movement and seeks to maintain a position of the 
payload within a fine position range. In a first embodiment, 
the damper force may be adaptive, Such that the magnitude 
of the damper force is set in response to a 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 
accelerometer feedback indicating increased acceleration. 
Conversely, the damper force may be adaptively decreased 
in response to accelerometer feedback indicating decreased 
acceleration. 

0027. In a second embodiment, accelerometer feedback 
adaptation may be augmented through the use of processing 
blocks that continuously monitor the accelerometer feed 
back signal. In such an instance, signal processing may be 
employed to analyze both the time domain and frequency 
domain components of the accelerometer feedback signal in 
order to more accurately characterize the nature of the 
acceleration forces in real time. 

0028 Turning to FIG. 1, an exemplary functional block 
diagram of an adaptive suspension system is illustrated. 
Payload 102 may be representative of animate, or inanimate, 
objects that may be subjected to varying acceleration forces, 
or excitations, as may be experienced in a mobile environ 
ment, Such as in a motor vehicle or airplane. As discussed 
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above, two modes of adaptive suspension are implemented 
to Substantially eliminate kinetic energy transfer to payload 
102. 

0029. In a first mode of adaptive suspension, coarse 
Suspension control is effected to provide weight Support to 
payload 102. In particular, a position of payload 102 may be 
detected by measuring the displacement of payload 102 
along a directional axis, e.g., in a vertical direction. In a first 
embodiment, position sensor 104 may implement magnetic 
sensors that detect position excursions of payload 102 
relative to an equilibrium position of payload 102. 
0030. In response to the detected position excursion, 
coarse Suspension control 106 and coarse Suspension device 
108 may combine to return payload 102 to its equilibrium 
position. In a first embodiment, coarse Suspension device 
108 may include a coiled energy spring having a variable 
spring constant, k. In Such an instance, payload 102 may 
exhibit a substantially fixed weight, whereby a substantially 
fixed amount of deflection below the equilibrium position of 
payload 102 is detected by position sensor 104. As such, 
coarse Suspension control 106 may effect an increase in the 
spring constant, k, in response to the detected payload 
position, Such that the position of payload 102 may return to 
its equilibrium position due to the increased spring constant. 
0031. In an alternative embodiment, coarse suspension 
device 108 may be implemented as a pneumatically con 
trolled device, such as an air bladder or a pneumatically 
controlled lift. Accordingly, coarse suspension control 106 
may be implemented as an air compressor, which may either 
inflate or deflate coarse suspension device 108 in response to 
a position control feedback signal emitted by position sensor 
104. In such an instance, weight adaptation may be imple 
mented to maintain payload 102 within a substantially fixed 
position range, irrespective of the weight of payload 102. 
0032. In response to an excursion of payload 102 below 

its equilibrium position, for example, coarse Suspension 
control 106 may cause an inflation of coarse Suspension 
device 108. By virtue of the mechanical coupling between 
payload 102 and coarse suspension device 108, the position 
of payload 102 may then be raised. In response to an 
excursion of payload 102 above its equilibrium position, on 
the other hand, coarse Suspension control 106 may cause a 
deflation of coarse suspension device 108. By virtue of the 
mechanical coupling between payload 102 and coarse Sus 
pension device 108, the position of payload 102 may then be 
lowered. 

0033. In a second mode of adaptive suspension, fine 
Suspension control is effected to dampen kinetic energy 
transfer to payload 102. Accelerometer 110 may be imple 
mented to detect, and Subsequently provide, an acceleration 
feedback control signal that is indicative of the time-varying 
attributes of acceleration excitations being applied to pay 
load 102. Processor/computer 112 may then continually 
analyze the acceleration feedback control signal to deter 
mine the nature of the acceleration forces being applied. 
0034) For example, processor/computer 112 may apply a 
fast Fourier transform (FFT) to the acceleration feedback 
control signal to determine the spectral content of vibration 
that is generated by the acceleration excitations. As such, 
fine suspension control 114 and fine suspension device 116 
may be adapted through the FFT analysis of processor/ 
computer 112 to provide wide vibration bandwidth isolation 
to payload 102. 
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0035 Harmonic components of vibration may also be 
analyzed to determine the time varying characteristics of the 
vibration. In particular, the power spectra of the vibration 
may be analyzed using the FFT algorithm to determine 
signal strength in designated frequency bands, i.e., FFT bins, 
of the FFT output. A quantitative relationship between the 
vibration amplitude in the time domain and the associated 
spectral amplitude in the frequency domain may then be 
obtained to optimize the kinetic energy absorption perfor 
mance of fine Suspension device 116. 
0036. For example, if the power spectra of the vibration 

is confined to relatively few FFT bins, then the acceleration 
excitation may be characterized as a steady state excitation 
having a sinusoidal property centered about a substantially 
constant frequency. As such, fine Suspension device 116 may 
be optimized to dampen vibration at the steady state exci 
tation frequency by appropriate control of its damper force 
via fine Suspension control 114. 

0037. If the power spectra of the vibration is not confined 
to a relatively few FFT bins, but is rather spread out across 
multiple FFT bins, then the acceleration excitation may 
instead be characterized as a step change in payload 102 
displacement, such as may be caused by driving over a 
pothole or speed bump. In Such an instance, the damper 
force of fine suspension device 116 may be increased by fine 
Suspension control 114 for optimum damper force at fun 
damental and harmonic frequencies of vibration excitation. 
Once the vibration impulse is dampened, fine suspension 
control 114 may return fine suspension device 116 to a 
steady state mode of operation as discussed above. 
0038. In addition, processor/computer 112 may continu 
ously process FFT data to achieve a quiescent mode of 
operation, whereby optimized kinetic energy absorption 
across a wide bandwidth of vibration excitation may be 
further facilitated. That is to say, for example, that averaging 
of the FFT data may yield an optimized suspension control 
signal from fine Suspension control 114. Such that the 
damper force of fine Suspension device 116 may be main 
tained at a nominal level between the steady state response 
and the step change response as discussed above. 
0039. Optimized suspension control in this context 
means that the reaction time of fine suspension device 116 
is minimized due to the quiescent mode of operation. In 
particular, since fine Suspension device 116 is programmed 
to exhibit a nominal damper force, the reaction time to 
achieve minimum or maximum damper resistance is essen 
tially cut in half assuming that the nominal damper force 
selected represents an average damper force across the entire 
dynamic range of damper force of fine Suspension device 
116. 

0040. In one embodiment, fine suspension device 116 
may be implemented as a magnetorheological (MR) device, 
which incorporates MR fluid whose viscosity may be 
changed in the presence of a magnetic field. As such, a 
viscosity change in the MR fluid is effected by the presence 
of a magnetic field to increase/decrease the damper force of 
fine suspension device 116. 
0041. In particular, fine suspension control 114 may 
transmit a pulse width modulated (PWM) signal to a mag 
netic coil (not shown) that surrounds the MR fluid contained 
within a monotube housing of the MR device. The PWM 
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signal parameters, such as duty cycle, may be modified in 
response to the analysis performed by processor/computer 
112 to adjust the damper force of fine suspension device 116. 
Thus, fine Suspension control is said to be adaptive, since the 
control signal parameters to the MR device are modified in 
response to the analysis performed by processor/computer 
112. 

0.042 Adaptive fine suspension control in this context is 
distinguished from static Suspension control as may be 
provided, for example, by a rheostat. Rheostats, for 
example, often employ a control knob, which allows param 
eters of the control signal that is provided to the MR device 
to be statically programmed in response to the knob position. 
After that, the parameters of the control signal remain static, 
i.e. do not change, regardless of the analysis performed by 
an accelerometer and/or a processor/computing block. Thus, 
static control in this context is only responsive to the control 
knob setting of the rheostat. It can be seen, therefore, that the 
adaptive fine suspension control of FIG. 1 improves upon 
statically controlled fine Suspension systems in a mobile 
environment, since acceleration forces may be time varying, 
thus potentially requiring a dynamically controlled damper 
resistance. 

0043. By increasing the duty cycle of the PWM signal in 
response to an adaptive control signal, for example, fine 
Suspension control 114 imparts an increased magnitude of 
time varying current to the magnetic coil, which in turn 
imparts an increased magnetic field around the MR fluid. In 
response, the damper forces exerted by fine Suspension 
device 116 increases proportionally to react to dynamically 
changing acceleration forces. Conversely, by decreasing the 
duty cycle of the PWM signal in response to the adaptive 
control signal, fine Suspension control 114 imparts a 
decreased magnitude of time varying current to the magnetic 
coil, which in turn imparts a decreased magnetic field around 
the MR fluid. In response, the damper forces exerted by fine 
Suspension device 116 decreases proportionally in response 
to the adaptive control signal. 

0044 Turning to FIG. 2, an exemplary functional sche 
matic diagram of one embodiment of a multi-axis, adaptive 
Suspension system is illustrated. Coarse Suspension control 
is provided via blocks 274 and 276 along a first axis denoted 
by directional vector 270. Fine suspension control is also 
provided via block 272 along the first axis. An additional 
component of fine Suspension control may be provided via 
blocks 206 and 208 along a second axis as denoted by 
directional vector 268. Such may be the case, for example, 
whereby payload 204 represents an electronic component 
rack assembly contained within enclosure 202. Enclosure 
202 may represent, for example, an outer assembly that 
provides structural Support to the electronic component rack 
assembly. 

0045. In a first embodiment, coarse suspension devices 
252 and 26 may include a coiled energy spring having a 
variable spring constant, k, as discussed above in relation to 
FIG. 1. In such an instance, payload 204 may exhibit a 
substantially fixed weight, whereby a substantially fixed 
amount of deflection below the equilibrium position of 
payload 204 is detected by position sensors 238 and 252. As 
Such, coarse Suspension controls 248 and 266 may effect an 
increase in the spring constant, k, in response to the detected 
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payload position, such that the position of payload 204 may 
return to its equilibrium position due to the increased spring 
COnStant. 

0046. In a second embodiment, coarse suspension control 
is provided by pneumatic support components 252 and 260, 
which are mechanically coupled between a Support platform 
and the bottom portion of payload 204. Position detectors 
238 and 252 utilize, for example, magnetic sensors 242.244 
and 256.258 to maintain payload 204 within a range of 
movement illustrated by vertical directional vectors 240 and 
254. In particular, position signals 246 and 264 provide an 
indication to coarse Suspension controls 248 and 266 as to 
the position of payload 204 relative to support enclosure 
202. If the position of payload 204 is centered between 
sensors 242 and 244, for example, then pneumatic Support 
252 is considered to be in an equilibrium position and no 
further action is taken. Similarly, if the position of payload 
204 is centered between sensors 256 and 258, for example, 
then pneumatic support 260 is considered to be in an 
equilibrium position and no further action is taken. 
0047) If, however, the position of payload 204 indicates 
a position 240 that is below equilibrium, then position signal 
246 provides the requisite indication to coarse Suspension 
control 248 to correct the over-weight condition. In particu 
lar, position signal 246 causes pneumatic Support 252 to 
inflate, i.e., increase pressure, via line 250 until pneumatic 
support 252 is inflated to the equilibrium position. Similarly, 
if the position of payload 204 indicates a position 254 that 
is below equilibrium, then position signal 264 provides the 
requisite indication to coarse Suspension control 266 to 
correct the over-weight condition. In particular, position 
signal 264 causes pneumatic Support 260 to inflate, i.e., 
increase pressure, via line 262 until pneumatic Support 260 
is inflated to the equilibrium position. 
0048 If, on the other hand, the position of payload 204 
indicates a position 240 that is above equilibrium, then 
position signal 246 provides the requisite indication to 
coarse Suspension control 248 to correct the under-weight 
condition. In particular, position signal 246 causes pneu 
matic Support 252 to deflate, i.e., decrease pressure, via line 
250 until pneumatic support 252 is deflated to the equilib 
rium position. Similarly, if the position of payload 204 
indicates a position 254 that is above equilibrium, then 
position signal 264 provides the requisite indication to 
coarse Suspension control 266 to correct the under-weight 
condition. In particular, position signal 264 causes pneu 
matic Support 260 to deflate, i.e., decrease pressure, via line 
262 until pneumatic support 260 is deflated to an equilib 
rium position. 
0049. It should be noted, that pneumatic supports 252 and 
260 may operate independently of one another. That is to 
say, for example, that the extent of inflation/deflation of 
pneumatic Supports 252 and 260 may be unequal, so that 
unequal weight distribution of payload 204 along longitu 
dinal axis 268 may nevertheless be equalized. Thus, irre 
gardless of the weight distribution, the position of payload 
204 may be substantially leveled with respect to support 
enclosure 202 to implement coarse Suspension control. 
Alternately, the extent of inflation/deflation of pneumatic 
supports 252 and 260 may be made to be unequal to effect 
angled positioning of payload 204, with respect to direc 
tional vectors 268 and 270, as may be required for a given 
application. 
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0050 Acting in conjunction with pneumatic supports 252 
and 260 is fine suspension control block 272, which provides 
fine suspension along directional vectors 240 and 254. 
Optionally, fine suspension control blocks 206 and 208, may 
also provide fine Suspension along directional vector 268. In 
operation, piston 284 extends and retracts through its stroke 
of motion, while being subjected to a variable damper force. 
In particular, monotube housing 234 is filled with an MR 
fluid and is surrounded by magnetic coil 236. The magnetic 
field created by magnetic coil 236 causes a viscosity change 
in the MR fluid to exert a programmable range of damper 
force on piston 284, where the viscosity changes in the MR 
fluid are effected by applying a variable magnitude of AC 
current to magnetic coil 236. 
0051. In operation, PWM 232 may receive a dynamic 
control signal from CTRL block 230, whereby CTRL block 
230 may be implemented via blocks 110 and 112, as 
discussed above in relation to FIG. 1. If low damper force 
is required, for example, then the appropriate control signal 
from CTRL block 230 causes a relatively low duty cycle, 
PWM signal to be emitted from fine suspension control 114, 
e.g., PWM 232. In response, a relatively low magnitude of 
AC current is imparted to magnetic coil 236, which in turn 
imparts a relatively low magnitude magnetic field around 
monotube housing 234. Accordingly, the MR fluid contained 
within monotube housing 234 reactively assumes a rela 
tively low viscosity, which in turn provides a relatively low 
damper force to oppose the movement of piston 284. 
0.052 If a relatively greater damper force is required, on 
the other hand, then the appropriate control signal from 
CTRL block 230 causes PWM 232 to transmit a relatively 
high duty cycle, PWM signal to be emitted from fine 
suspension control 114, e.g., PWM 232. In response, a 
relatively high magnitude of AC current is imparted to 
magnetic coil 236, which in turn imparts a relatively high 
magnitude magnetic field around monotube housing 234. 
Accordingly, the MR fluid contained within monotube hous 
ing 234 reactively assumes a relatively high viscosity, which 
in turn provides a relatively high damper force opposing the 
movement of piston 284. 
0053. In operation, accelerometer 110 of CTRL block 
230 measures acceleration forces along directional vectors 
240 and 254 and provides a time domain signal that is 
indicative of the acceleration excitations detected. Proces 
Sor/computer 112 may then perform digital signal processing 
on the time domain signal to determine the appropriate 
reactionary damper resistance that may be needed to appro 
priately dampen the acceleration excitations across a wide 
vibration bandwidth. 

0054 A low magnitude of instantaneous acceleration 
force, for example, may result in an adaptively programmed 
low duty cycle PWM signal for a low amount of damper 
force, whereas a high magnitude of instantaneous accelera 
tion force may result in an adaptively programmed high duty 
cycle PWM signal for a high amount of damper force. A 
nominal amount of damper force may also be implemented 
by establishing a quiescent PWM signal, in response to an 
average of acceleration forces exerted over a given time 
period, to decrease the reaction time to changing accelera 
tion forces. Thus, acceleration forces across a wide vibration 
bandwidth may be adaptively dampened through the adap 
tive feedback provided by accelerometer 110, processor/ 
computer 112, and fine Suspension control 114. 
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0055. In an optional embodiment, MR suspension blocks 
206 and 208 may also be used to isolate kinetic energy from 
being transferred to payload 204 along a longitudinal axis 
depicted by directional vector 268. Operation of MR sus 
pension blocks 206 and 208 operate substantially as dis 
cussed above in relation to MR suspension block 272. A 
third component of MR suspension may also be provided for 
payload 204, whereby the third component is provided along 
a directional vector that is orthogonal to directional vectors 
268 and 270. 

0056 Turning to FIG. 3, an alternate embodiment of an 
adaptive Suspension system is applied to a component 
Support stand. As discussed above, the adaptive Suspension 
system may be used for stand alone equipment that may not 
necessarily be mounted within an electronic equipment rack. 
Such stand alone equipment may be found, for example, in 
recreational vehicle (RV) applications, where common 
household appliances, such as video display units, satellite 
television (TV) systems, microwave ovens, etc., may be 
found. 

0057 Payload 302 may exemplify such a stand alone 
appliance, whereby in one embodiment, adaptive Suspension 
may be provided to payload 302, even though payload 302 
may take on a plurality of positions along directional vector 
328. In a first embodiment, for example, payload 302 may 
represent a video display device, whereby in one mode of 
operation, video display device 302 remains in a completely 
stowed position below panel 334 to remain hidden from 
plain view. All Support structures and control elements to the 
left of panel 330 and to the right of panel 332 may similarly 
be hidden from view by appropriate placement of panels 330 
and 332. 

0058. In such an instance, the position of a top portion of 
video display device 302 may be below panel 334 to hide the 
existence of video display device 302 when video display 
device 302 is in the stowed position as illustrated. Video 
display device 302 may also be raised along directional 
vector 328, whereby panel 334 is caused to pivot about its 
mounting hinges (not shown) to allow video display device 
302 to emerge into a fully extended position. In its fully 
extended position, for example, the bottom portion of video 
display device 302 rises above panel 334 so that video 
display device 302 becomes visible and may then be utilized 
in its intended capacity, such as for the presentation of 
audio/visual entertainment. 

0059) The vertical position of payload 302 may be 
adjusted through actuation of coarse Suspension control 
devices 320 and 322, which as discussed above, may be 
implemented as pneumatically controlled devices. Control 
blocks 324 and 326 may include compressors and position 
sensors, such that the commanded position of payload 302 
may be maintained through appropriate actuation of pneu 
matically controlled devices 320 and 322. 
0060 Acting in conjunction with pneumatically con 
trolled devices 320 and 322 are fine suspension control 
devices 316 and 318, which in one embodiment, may be 
implemented as MR Suspension devices, to provide fine 
suspension along directional vector 328. Since MR suspen 
sion devices 316 and 318 maintain mechanical coupling 
with payload 302 throughout the entire extension range of 
payload 302, the operation of MR suspension devices 316 
and 318 are unaffected by the vertical position of payload 
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302. That is to say, for example, that MR suspension devices 
316 and 318 substantially eliminate kinetic energy transfer 
to payload 302, irregardless of the vertical position of 
payload 302. 
0061 Control blocks 324 and 326, for example, may 
combine accelerometer 110, processor/computer block 112, 
and fine Suspension control 114 as discussed above in 
relation to FIG. 1, to adaptively dampen kinetic energy 
transfer to payload 302. Accelerometer 110 may be imple 
mented to detect, and Subsequently provide, an acceleration 
feedback control signal that is indicative of the time-varying 
attributes of acceleration excitations being applied to pay 
load 302. Processor/computer 112 may then continually 
analyze the acceleration feedback control signal to deter 
mine the nature of the acceleration forces being applied. 
Control blocks 324 and 326 may then provide an appropriate 
control signal to MR suspension devices 316 and 318, 
respectively, in response to the analysis performed by pro 
cessor/computer 112. 
0062 Payload 302 may be mechanically supported by a 
plurality of movable couplings 308-314 having linear bear 
ings, such that payload 302"floats' above platform 336 in 
both the fully extended, and fully retracted, position. The 
linear bearings of movable couplings 308-314 track verti 
cally along outer frame 304 and 306 to maintain payload 302 
in a laterally fixed relationship with respect to outer frame 
304 and 306. The laterally fixed relationship being main 
tained both during movement of payload 302 along direc 
tional vector 328 and during its fully extended and fully 
retracted position. 
0063 Adjusting the vertical position of payload 302 
requires that pneumatically controlled devices 320 and 322 
be adjusted, in response to the desired position of payload 
302. Accordingly, inflating pneumatically controlled devices 
320 and 322 causes payload 302 to track upward along 
directional vector 328, whereby the lateral relationship with 
respect to outer frame 304 and 306 is maintained by movable 
couplings 308-314. Conversely, deflating pneumatically 
controlled devices 320 and 322 causes payload 302 to track 
downward along directional vector 328, whereby the lateral 
relationship with respect to outer frame 304 and 306 is 
maintained by movable couplings 308-314. 
0064 Turning to FIG. 4, an alternate embodiment of an 
adaptive Suspension system is exemplified, in which the 
payload may represent passenger seat 402, as well as the 
passenger (not shown), within a motor vehicle or airborne 
transport mechanism. As illustrated, an optional adaptive 
Suspension system 420 may be combined with other Sus 
pension systems, such as Support structure 418, for added 
programmability of the commanded position of seat 402, as 
discussed in more detail below. It should be noted, that 
suspension devices 404-410 may be installed vertically as 
illustrated, or conversely, may be angled as necessary to 
facilitate a given implementation. Furthermore, any place 
ment of suspension devices 404-410 along seat frame 422 
and platform 416 may be implemented as required to 
facilitate a given implementation. 
0065. The vertical position of the payload may be 
adjusted through actuation of coarse Suspension control 
devices 404 and 406, which in a first embodiment, may be 
implemented using coiled energy springs, and in a second 
embodiment, may be implemented using pneumatically con 
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trolled devices. Control blocks 412 and 414 may include 
compressors and position sensors, such that the commanded 
position of the payload may be maintained through appro 
priate actuation of pneumatically controlled devices 404 and 
406 irregardless of the weight of passenger seat 402 and 
passenger (not shown). 

0066. The commanded position of passenger seat 402 
may be substantially horizontal to platform 416 by main 
taining coarse Suspension control devices 404 and 406 at 
substantially the same inflation level. Alternately, a slightly 
reclined position may be maintained, without sacrifice to 
kinetic energy absorption capability, by inflating coarse 
suspension control device 406 to a slightly higher level as 
compared to coarse Suspension control device 404. It can be 
seen that a multitude of adjustment configurations may be 
enhanced via optional adaptive Suspension system 40 with 
out the loss of kinetic energy absorption capability. 

0067 Acting in conjunction with pneumatically con 
trolled devices 404 and 406 are fine suspension control 
devices 408 and 410, which in one embodiment, may be 
implemented as MR suspension devices. Since MR suspen 
sion devices 408 and 410 maintain mechanical coupling 
with passenger seat 402 throughout the entire adjustment 
range of passenger seat 402, the operation of MR Suspension 
devices 408 and 410 are unaffected by the adjustment of 
passenger seat 402. That is to say, for example, that MR 
suspension devices 408 and 410 substantially eliminate 
kinetic energy transfer to passenger seat 402 (and associated 
passenger), irregardless of the configured position of pas 
senger seat 402. 

0068 Control blocks 412 and 414, for example, may 
combine accelerometer 110, processor/computer block 112, 
and fine Suspension control 114 as discussed above in 
relation to FIG. 1, to adaptively dampen kinetic energy 
transfer to passenger seat 402. Accelerometer 110 may be 
implemented to detect, and Subsequently provide, an accel 
eration feedback control signal that is indicative of the 
time-varying attributes of acceleration excitations being 
applied to passenger seat 402. Processor/computer 112 may 
then continually analyze the acceleration feedback control 
signal to determine the nature of the acceleration forces 
being applied. Control blocks 412 and 414 may then provide 
an appropriate control signal to MR Suspension devices 408 
and 410, respectively, in response to the analysis performed 
by processor/computer 112. 

0069. Other aspects and embodiments of the present 
invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the inven 
tion disclosed herein. For example, the payload may not 
necessarily correspond to electronic components. Rather, the 
payload may instead correspond to other shock sensitive 
materials, such as nitroglycerin, which requires transporta 
tion mechanisms that minimize the amount of kinetic energy 
transferred, so as to minimize the possibility of premature 
detonation. 

0070 Furthermore, maritime, telecommunications, and 
seismic applications, may also benefit from the kinetic 
energy isolation systems presented herein. It is intended, 
therefore, that the specification and illustrated embodiments 
be considered as examples only, with a true scope and spirit 
of the invention being indicated by the following claims. 
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What is claimed is: 
1. An adaptive Support system, comprising: 
a payload; 
a coarse Suspension device coupled to the payload and 

adapted to maintain a position of the payload within a 
first range of distance; and 

a fine Suspension device coupled to the payload, the fine 
Suspension device being adaptively programmed via a 
control signal to dampen movement of the payload 
within the first range of distance. 

2. The adaptive support system of claim 1, wherein the 
payload comprises an equipment rack. 

3. The adaptive support system of claim 2, wherein the 
coarse Suspension device comprises: 

a first sensor adapted to detect a position of the equipment 
rack between the first range of distance and to provide 
a first position signal in response to the detected 
position; and 

a second sensor adapted to detect a position of the 
equipment rack and to provide a second position signal 
in response to the detected position. 

4. The adaptive support system of claim 3, wherein the 
fine Suspension device comprises a magnetorheological 
device coupled to the equipment rack. 

5. The adaptive support system of claim 4, wherein the 
fine Suspension device further comprises: 

an accelerometer coupled to the equipment rack and 
adapted to provide a time domain signal indicative of 
kinetic energy transferred to the equipment rack; and 

a processor block coupled to the accelerometer and 
adapted to analyze the time domain signal to provide 
the control signal in response to the analysis. 

6. The adaptive support system of claim 1, wherein the 
payload comprises an electronic component. 

7. The adaptive support system of claim 6, further com 
prising: 

an outer frame coupled to a platform; and 
a plurality of couplings movably attached to the outer 

frame to move along a length of the first and second 
Supports, wherein the electronic component is coupled 
to first and second couplings of the plurality of cou 
plings. 

8. The adaptive support system of claim 7, wherein the 
coarse Suspension device comprises: 

a first sensor adapted to detect a position of the electronic 
component between the first range of distance and to 
provide a first position signal in response to the 
detected position; and 

a second sensor adapted to detect a position of the 
electronic component between the first range of dis 
tance and to provide a second position signal in 
response to the detected position. 

9. The adaptive support system of claim 8, wherein the 
fine Suspension device comprises: 

a first magnetorheological device coupled to the first 
coupling; and 

a second magnetorheological device coupled to the sec 
ond coupling. 
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10. The adaptive support system of claim 9, wherein the 
fine Suspension device further comprises: 

an accelerometer coupled to the electronic component and 
adapted to provide a time domain signal indicative of 
kinetic energy transferred to the electronic component; 
and 

a processor block coupled to the accelerometer and 
adapted to analyze the time domain signal to provide 
the control signal in response to the analysis. 

11. The adaptive support system of claim 1, wherein the 
payload includes a passenger seat of a vehicle. 

12. An equipment rack assembly, comprising: 

an enclosure coupled to a platform; 

an equipment rack coupled to the enclosure and the 
platform; and 

a shock absorption unit coupled to the enclosure and the 
equipment rack, the shock absorption unit including, 

a weight bearing device coupled to the equipment rack 
and adapted to maintain a position of the equipment 
rack within a first range of distance in a first direction 
relative to the enclosure; and 

a dampening device coupled to the equipment rack, the 
dampening device being adaptively programmed via 
a control signal to dampen movement of the equip 
ment rack within the first range of distance. 

13. The equipment rack assembly of claim 12, wherein the 
weight bearing device comprises a coiled energy spring 
coupled to the equipment rack and adapted to maintain a 
position of the equipment rack between the first range of 
distance. 

14. The equipment rack assembly of claim 13, wherein the 
weight bearing device further comprises: 

a first sensor adapted to detect a position of a first portion 
of the equipment rack between the first range of dis 
tance relative to a first portion of the enclosure and to 
provide a first position signal in response to the 
detected position; and 

a second sensor adapted to detect a position of a second 
portion of the equipment rack between the first range of 
distance relative to a second portion of the enclosure 
and to provide a second position signal in response to 
the detected position. 

15. The equipment rack assembly of claim 13, wherein the 
dampening device comprises a magnetorheological device 
coupled to the equipment rack and the platform. 

16. The equipment rack assembly of claim 15, wherein the 
dampening device further comprises: 

an accelerometer coupled to the equipment rack and 
adapted to provide a time domain signal indicative of 
kinetic energy transferred to the equipment rack; and 

a processor block coupled to the accelerometer and 
adapted to analyze the time domain signal to provide 
the control signal in response to the analysis. 

17. An equipment stand, comprising: 

an outer frame coupled to a platform; 
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a plurality of couplings movably attached to the outer 
frame, wherein the plurality of couplings move along a 
length of the outer frame; 

a payload coupled to first and second couplings of the 
plurality of couplings; and 

a shock absorption unit coupled to the first and second 
couplings, the shock absorption unit including, 
a weight bearing device coupled to the platform and 

adapted to maintain a position of the payload within 
a first range of distance relative to the platform; and 

a dampening device coupled to the weight bearing 
device and adaptively programmed via a control 
signal to dampen movement of the payload within 
the first range of distance. 

18. The equipment stand of claim 17, wherein the weight 
bearing device further comprises: 

a first sensor adapted to detect a position of the payload 
between the first range of distance and to provide a first 
position signal in response to the detected position; and 
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a second sensor adapted to detect a position of the payload 
between the first range of distance and to provide a 
second position signal in response to the detected 
position. 

19. The equipment stand of claim 18, wherein the damp 
ening device comprises: 

a first magnetorheological device coupled to the first 
coupling; and 

a second magnetorheological device coupled to the sec 
ond coupling. 

20. The equipment stand of claim 19, wherein the damp 
ening device further comprises: 

an accelerometer adapted to provide a time domain signal 
indicative of kinetic energy transferred to the payload; 
and 

a processor block coupled to the accelerometer and 
adapted to analyze the time domain signal to provide 
the control signal in response to the analysis. 
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