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(57) ABSTRACT 

A vehicle-mountable, suspension monitoring system pro 
duces suspension-analysis information Which Can be used to 
determine adjustments to a vehicle suspension. Sensor struc 
ture located adjacent the vehicle suspension is connected to 
a Control/proCessing/display (CPD) unit located adjacent the 
vehicle operator. The sensor structure senses suspension 
related information and communicates the suspension 
related information to the CPD unit. The CPD unit receives 
the suspension related information and converts it to sus 
pension-analysis information. The CPD unit stores the sus 
pension-analysis information and displays it to the vehicle 
operator. Alternatively, the suspension-analysis information 
is downloaded from the CPD unit to a digital computer for 
display as Waveform data. 
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VEHICLE-MOUNTABLE, SUSPENSION 
MONITORING SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/228,013, ?led Jan. 8, 1999, Which is 
hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to vehicle suspen 
sions, and more particularly to an onboard system for 
monitoring the performance of a vehicle suspension. 

BACKGROUND 

[0003] Aprecision-tuned suspension can be the difference 
betWeen Winning and losing for a competitive motocross 
rider. Modern suspensions for motocross bikes employ both 
compression and rebound circuits alloWing 12 to 14 inches 
of travel to alloW riders to perform substantial jumps and to 
traverse rough terrain. In addition, these suspensions are 
adjustable to alloW optimiZation based on the Weight of the 
rider, the layout of the racetrack, and the speed With Which 
the rider negotiates the track. HoWever, the importance of 
high-performance suspension is not limited to motocross 
racing. Top competitors in such sports as mountain biking, 
snoWmobile racing, and off-road truck racing are ?ne-tuning 
their oWn suspensions to give them an advantage over their 
rivals. In addition, even non-competitive riders can improve 
their performance by customiZing the suspension of their 
vehicle. 

[0004] Unfortunately, it is not enough simply to purchase 
a vehicle With an adjustable, high-performance suspension. 
An improperly adjusted suspension can be a disadvantage 
rather than an advantage if the system fails to compress 
under impact, compresses too much, or rebounds too 
quickly. Therefore, a rider can distinguish himself or herself 
from competitors by understanding hoW the suspension is 
responding When the vehicle moves over a particular terrain, 
and hoW to make intelligent adjustments to the system to 
optimiZe its performance. 

[0005] Typically, the compression circuit of a suspension 
should be adjusted to maXimiZe use of the full range of travel 
Without repeatedly undergoing full compression or “bottom 
ing out.” This Will ensure that the greatest amount of force 
is absorbed by the suspension rather than the rider. The 
proper compression adjustment for a rider of a given Weight 
Will depend on the character of the terrain since a surface 
With many small bumps Will require loWer compression 
resistance than a surface With several large vertical jumps. 

[0006] The rebound circuit controls the speed With Which 
the suspension returns to an equilibrium condition after 
undergoing compression. Typically, the rebound circuit 
should be adjusted to ensure the system returns to equilib 
rium before the vehicle encounters the neXt irregularity in 
the terrain. HoWever, if the system returns too quickly, it can 
cause the vehicle to bounce, much like a pogo stick. 

[0007] While many riders understand the basic function 
ing of their vehicle suspensions, even the most experienced 
riders cannot determine necessary adjustments based solely 
on hoW the suspension ‘feels’ during operation. Because 
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modern suspensions employ a variety of interacting com 
ponents to insulate the rider from the forces sustained by the 
vehicle, it is often difficult to determine Which component(s) 
is in need of adjustment. For example, a rider Who feels the 
suspension repeatedly bottoming out, has no Way of knoW 
ing if the problem is due to insuf?cient compression resis 
tance or to sloW rebound. Moreover, a suspected problem 
With the suspension at one Wheel may actually be caused by 
an improperly adjusted suspension at another Wheel. 

[0008] The dif?culty in determining What adjustments are 
needed cause many riders to avoid making any adjustments 
at all, fearing that they Will only make matters Worse. Other 
riders attempt to adjust their suspensions by trial and error. 
HoWever, given the many possible adjustments Which can be 
made, this can be an impractical approach, especially for 
professional riders Who are continually faced With neW 
racetracks. Another approach involves having a person act as 
a “spotter” to Watch the vehicle as the rider traverses a track. 
The spotter attempts to detect Whether the suspension is 
effectively using its full range of travel and Whether it is 
rebounding to its equilibrium position betWeen compres 
sions. HoWever, this method is dif?cult for even a highly 
trained technician. 

[0009] Therefore, it Would be desirable to have a system 
that mounts on a vehicle and provides the rider With infor 
mation effective to analyZe the performance of the vehicle 
suspension. Preferably, the rider could activate the system 
and make a test run by operating the vehicle over a selected 
course. The rider Would then be able to adjust their suspen 
sion based on the characteristics of the selected course. 

SUMMARY OF THE INVENTION 

[0010] The invention provides a vehicle-mountable, sus 
pension monitoring system for producing suspension-analy 
sis information Which can be used to determine adjustments 
to a vehicle suspension that includes a rebound circuit and 
a compression circuit. The suspension monitoring system 
includes sensor structure located adjacent a desired section 
of the vehicle suspension, and a control/processing/display 
(CPD) unit located adjacent the vehicle operator and con 
nected to communicate With the sensor structure. The CPD 
unit includes a poWer source and is manually operable by a 
vehicle operator. The sensor structure is con?gured to sense 
suspension related information such as compression of the 
suspension, and to communicate the suspension related 
information to the CPD unit. 

[0011] The CPD unit is con?gured to receive the suspen 
sion related information from the sensor structure and to 
convert the suspension related information into suspension 
analysis information. The CPD unit stores the suspension 
analysis information in an information storage device such 
as RAM. Additionally, the CPD unit is con?gured to display 
operator-selectable components of the suspension-analysis 
information to the vehicle operator for use in adjusting such 
vehicle suspension. Preferably, the operator-selectable com 
ponents include percentage compression, inches of travel, 
rate of compression, rate of rebound, and full compression 
occurrences. 

[0012] Optionally, the invented suspension monitoring 
system includes a remote digital computer con?gured to 
receive suspension-analysis information Which is doWn 
loaded from the CPD unit. The digital computer is con?g 
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ured to permit further manipulation of the suspension 
analysis information including displaying the suspension 
analysis information as Waveform data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a side elevation vieW of an vehicle 
monitoring system according to the present invention 
mounted on a motorcycle. 

[0014] FIG. 2 is a fragmentary, enlarged detail vieW of the 
sensor substructure depicted in FIG. 1 shoWing the sensor 
substructure in a fully retracted position. 

[0015] FIG. 3 is an enlarged detail vieW of the sensor 
substructure depicted in FIG. 1 shoWing the sensor sub 
structure in a substantially fully extended position With 
portions removed to shoW the telescoping assembly of the 
substructure. 

[0016] FIG. 4 is a fragmentary, cross-sectional vieW of the 
sensor substructure of FIGS. 2 and 3 shoWing the telescop 
ing assembly of the substructure and the propagation of the 
ultrasonic signal (illustrated by dotted lines) Within the 
sensor substructure. 

[0017] FIG. 5 is a fragmentary, greatly enlarged cross 
sectional detail vieW of the sensor structure shoWing the 
extension limiting mechanism of the sensor substructure. 

[0018] FIG. 6 is an exploded isometric vieW of the trans 
ducer housing. 

[0019] FIG. 7 is a greatly enlarged isometric vieW of the 
endcap of the sensor structure With a portion of the threaded 
collar removed to shoW the target surface. 

[0020] FIG. 8 is a fragmentary, enlarged side vieW of the 
motorcycle depicted in FIG. 1 shoWing a front sensor 
substructure connected to measure the performance of the 
front suspension assembly of the motorcycle. 

[0021] FIG. 9 is a fragmentary, enlarged side vieW of the 
motorcycle depicted in FIG. 1 shoWing a rear sensor sub 
structure connected to measure the performance of the rear 
suspension assembly of the motorcycle. 

[0022] FIG. 10 is a fragmentary, greatly enlarged isomet 
ric vieW of the control/processing/display (CPD) unit of the 
present invention depicted in FIG. 1 on the handlebar of a 
motorcycle. 
[0023] FIG. 11 is a top plan vieW of the CPD unit of FIG. 
10 shoWing the operator controls and display features, and 
including sample display readouts for a suspension condi 
tion of a motorcycle. 

[0024] FIG. 12 is a top plan vieW of the CPD unit of FIG. 
11 shoWing the change in display readouts for changed 
suspension conditions. 

[0025] FIG. 13 is an isometric vieW of the CPD unit 
connected to doWnload suspension-analysis information to a 
digital computer (shoWn in a perspective vieW) for display 
as Waveform information. 

[0026] FIG. 14 is a schematic of the electronic compo 
nents of a CPD unit according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0027] A suspension monitoring system according to the 
present invention is shoWn generally at 10 in FIG. 1. 
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Suspension monitoring system 10 includes a control/pro 
cessing/display (CPD) unit 16 connected to communicate 
With a sensor structure Which may contain a plurality of 
sensor substructures 12 and 14. During a ?rst phase of 
operation, system 10 is mounted on a vehicle such as 
motorcycle 20 and con?gured to measure and display sus 
pension-analysis information to the vehicle operator for use 
in adjusting the suspension of the vehicle. During a second 
phase of operation to be discussed in more detail beloW, 
CPD unit 16 is connected to a digital computer and the 
suspension-analysis information is doWnloaded to the digital 
computer for processing and display as Waveform data. 

[0028] Although system 10 is shoWn mounted on a motor 
cycle, it Will be appreciated that the invention is not limited 
to use With motorcycles and that system 10 may be mounted 
on other types of vehicles Which have suspensions including 
cars, trucks, bicycles, snoWmobiles, all-terrain vehicles 
(ATV’s), etc. Therefore, While the invention is described 
beloW in the context of a motorcycle, it Will be understood 
that such description includes the use of the invented sus 
pension monitoring system With all such vehicles. 

[0029] Motorcycle 20 typically includes a rider support 
frame 22 Which is suspended from a front Wheel assembly 
34 and a rear Wheel assembly 36 by a motorcycle suspen 
sion. The motorcycle suspension includes a front suspension 
assembly 30 connected to couple rider support frame 22 to 
front Wheel assembly 34, and a rear suspension assembly 32 
connected to couple the rider support frame to rear Wheel 
assembly 36. 

[0030] Both front suspension assembly 30 and rear sus 
pension assembly 32 include a compression circuit (not 
shoWn) to at least partially absorb the impact felt by the rider 
When the motorcycle passes over uneven terrain. Typically, 
the compression circuits include springs Which compress or 
expand to alloW front Wheel assembly 34 and rear Wheel 
assembly 36 to move in relation to rider support frame 22. 
Additionally, both assembly 30 and 32 include rebound 
circuits (not shoWn) Which act to dampen the rebound of the 
compression circuits. Typically, the rebound circuits include 
shock absorbers Which prevent the rider support frame from 
repeatedly bouncing on the compression springs after the 
motorcycle has passed over a surface irregularity. 

[0031] While described above as a combination spring and 
shock absorber, the suspension assemblies may take other 
forms Which are Well knoWn in the art. In any event, the 
invented suspension monitoring system is con?gured to 
measure and display information regarding the performance 
of the suspension, such information being usable to deter 
mine adjustments to the suspension. 

[0032] As shoWn in FIG. 1, suspension monitoring system 
10 is mounted on motorcycle 20 to measure suspension 
related information regarding front and rear suspension 
assemblies 30 and 32, and to display suspension analysis 
information to the rider on CPD unit 16. 

[0033] Preferably, front and rear sensor substructures 12 
and 14 are located adjacent front and rear assemblies 30 and 
32, respectively, While CPD unit 16 is located on handlebar 
28 adjacent the rider. Turning attention noW to the sensor 
structure, FIGS. 2-7 shoW a preferred embodiment of sensor 
substructures 12 and 14, each of Which includes a variable 
length conduit 42 having a proximal end 44 and a distal end 
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46. Each sensor substructure also includes a transducer 
housing 48 adjacent proximal end 44, and an endcap 50 
adjacent distal end 46. Preferably, conduit 42 includes a 
plurality of holloW, concentric, telescoping segments siZed 
and con?gured according to the intended application. 

[0034] As shoWn in FIGS. 2-4, conduit 42 preferably 
includes a ?rst segment 52 having a proximal end 56 and a 
distal end 58, a second segment 60 having a proximal end 62 
and a distal end 64, and a third segment 68 having a 
proximal end 70 and a distal end 72. Segments 52, 60 and 
68 are substantially cylindrical, elongate tubes Which are 
constructed to telescope from a compressed con?guration to 
an extended con?guration and vice versa, as shoWn in FIGS. 
2 and 3. Accordingly, ?rst segment 52 is siZed to ?t Within 
second segment 60 in a sliding relationship. Similarly, 
second segment 60 is siZed to ?t Within third segment 68 in 
a sliding relationship. 

[0035] Proximal end 62 of second segment 60 is threaded 
to receive locking collar 66. Likewise, proximal end 70 of 
third segment 68 is threaded to receive locking collar 74. As 
shoWn in the enlarged detail vieW of FIG. 5, second segment 
60 includes tWo retaining rings 65 Which slightly protrude 
about the circumference of distal end 64. The outside 
diameter of retaining rings 65 are slightly larger than the 
inside diameter of ?ange 75 on collar 74 such that When 
conduit 42 is extended, ?ange 75 prevents the second 
segment from disengaging from the third segment. Simi 
larly, ?rst segment 52 includes retaining rings on distal end 
58 Which overlap a ?ange on collar 66 to prevent the ?rst 
segment from disengaging from the second segment. 

[0036] Preferably, telescoping segments 52, 60 and 68 are 
constructed of aluminum or some other lightWeight, yet 
rigid material suitable for use under a variety of Weather 
conditions. Alternatively, variable length conduit 42 is con 
structed as one or more tubes of a stretchable material such 

as rubber. In any event, conduit 42 acts as a bi-directional 
signal path betWeen transducer housing 48 and endcap 50. 

[0037] In a preferred embodiment shoWn in FIG. 6, trans 
ducer housing 48 includes a base 76 capped by a cover plate 
78. Cover plate 78 is secured to base 76 by screWs 82 Which 
pass through holes 80 of the cover plate and into the base. 
Opposite cover plate 78, base 76 includes a threaded signal 
port 88. An ultrasonic transducer 86 is disposed Within 
housing 48 adjacent signal port 88. Transducer 86 includes 
a sensor cable 92 Which passes through a cable feed-through 
hole 94 in cover plate 78. Preferably, base 76, cover plate 78, 
and feed-through hole 94 are constructed and assembled to 
prevent contamination of transducer 86 by dirt, Water, etc. 
Mounting holes 84 are provided to attach the transducer 
housing adjacent the suspension. 

[0038] Proximal end 56 of ?rst segment 52 is threaded to 
be received into signal port 88 of transducer housing 48. 
Thus transducer 86 is disposed adjacent proximal end 44 of 
conduit 42 so that an ultrasonic signal transmitted by the 
transducer propagates along the interior of the conduit. 
Preferably, conduit 42 is coupled to housing 48 so as to 
prevent contamination of transducer 86 by dirt, Water, etc. In 
an alternative embodiment, a signal dampener 90 is disposed 
betWeen the transducer and the conduit to attenuate the 
ultrasonic signal. Signal dampener 90 may be constructed of 
any material suitable to transmit an ultrasonic signal at a 
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reduced amplitude. In one embodiment, an inexpensive 
perforated paper material is used such as a common dish 
Wipe. 
[0039] As shoWn in FIG. 7, endcap 50 includes a cylin 
drical, threaded collar 96 Which receives the threaded distal 
end 72 of third segment 68, and a pair of mounting prongs 
102 Which de?ne holes 104. Disposed betWeen collar 96 and 
prongs 102 is target surface 98 Which at least partially covers 
distal end 46 of the conduit. Preferably, target surface 98 
includes one or more air vents 100 Which facilitate the 
telescoping movement of the conduit by alloWing air to How 
into and out of the conduit When it is extended or retracted. 
In the preferred embodiment, air vents 100 are arcuate 
channels formed in the perimeter of target surface 98. In an 
alternative embodiment, air vents 100 are formed in one or 
more of the telescoping segments. HoWever, in such alter 
native embodiment, the air vents are preferably formed to 
ensure that an ultrasonic signal transmitted by the transducer 
propagates at least partially Within the conduit. 

[0040] Referring noW to FIG. 8, proximal end 44 of front 
sensor substructure 12 is preferably connected adjacent front 
suspension assembly 30 at mounting block 108. Alterna 
tively, proximal end 44 is connected to front fender 106 or 
some other location adjacent rider support frame 22. ScreWs 
(not shoWn) may be inserted through holes 84 to attach 
proximal end 44 to either mounting block 108 or front fender 
106. Distal end 46 of front sensor substructure 12 is con 
nected to front Wheel assembly 34, preferably at mounting 
bracket 110. Bracket 110 includes a hole (not shoWn) Which 
aligns With holes 104 such that locking pin 112 passes 
through holes 104 and the bracket hole to couple the distal 
end of the conduit to the front Wheel assembly. 

[0041] FIG. 9 shoWs the similar location of the rear sensor 
substructure adjacent rear suspension assembly 32. Proximal 
end 44 of rear sensor substructure 14 is preferably connected 
adjacent rider support frame 22 at rear fender 114. ScreWs 
(not shoWn) may be inserted through holes 84 and into 
bracket 116. In the embodiment of motorcycle 20 shoWn in 
FIG. 9, rear suspension assembly 32 is a pivoting type 
suspension rather than a piston type suspension. In the event 
rear suspension assembly 32 is a piston type suspension, 
proximal end 44 is alternatively connected adjacent assem 
bly 32 at a mounting block such as mounting block 108. In 
any event, distal end 46 of rear sensor substructure 14 is 
connected to rear Wheel assembly 36, preferably at mount 
ing bracket 118. Locking pin 120 passes through holes 104 
and a hole (not shoWn) in bracket 118 to couple the distal end 
of the conduit to the rear Wheel assembly. 

[0042] As described above, front sensor substructure 12 
and rear sensor substructure 14 are located adjacent front 
suspension assembly 30 and rear suspension assembly 32, 
respectively, to sense suspension related information such as 
compression and/or rebound information of the motorcycle 
suspension during a desired period of motorcycle operation. 
For clarity, the discussion beloW focuses on the front sensor 
substructure. HoWever, it Will be understood that the rear 
sensor substructure functions identically to the front sensor 
substructure and, thus, the discussion beloW applies equally 
to both substructures. 

[0043] During a period of motorcycle operation, the rider 
Will typically traverse several obstacles in the terrain such as 
holes, dips, bumps, hills, etc. Depending on the speed at 
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Which these obstacles are traversed, front suspension assem 
bly 30 Will respond to lessen the impact of the obstacles on 
the rider by alternately compressing and contracting, thus 
reducing the vertical motion translated to rider support 
frame 22. When mounted as described above, front sensor 
substructure 12 senses the compression and rebound of 
assembly 30 and communicates compression and rebound 
information to CPD unit 16. 

[0044] In the preferred embodiment, transducer 86 repeat 
edly measures the distance to target surface 98, Which 
changes as conduit 42 retracts With the compression of the 
front suspension assembly and eXtends With the rebound of 
the front suspension assembly. As illustrated schematically 
in FIG. 4, transducer 86 transmits an ultrasonic detection 
pulse or signal (indicated by dotted lines) Which propagates 
along conduit 42 to target surface 98 Which is con?gured to 
receive the detection signal and return a response signal. 
Preferably, target surface 98 is constructed of a material to 
re?ect the detection signal back to transducer 86. Alterna 
tively, target surface 98 is con?gured to generate a neW 
signal in response to the detection signal. In any event, the 
response signal propagates back along conduit 42 until it is 
received by transducer 86. 

[0045] Due to the ?nite speed of sound in air, there Will be 
a delay betWeen the moment that the transducer transmits 
the detection signal and the moment it receives the response 
signal. This time delay is proportional to the distance 
betWeen the transducer and the target surface. As front 
suspension assembly 30 is compressed, conduit 42 retracts 
and the distance betWeen transducer 86 and target surface 98 
decreases. Consequently, the time delay betWeen transmis 
sion of the detection signal and reception of the response 
signal also decreases. Likewise, as front suspension assem 
bly 30 rebounds, conduit 42 eXtends and the distance 
betWeen transducer 86 and target surface 98 increases. As a 
result, the time delay betWeen transmission of the detection 
signal and reception of the response signal also increases. 

[0046] Transducer 86 communicates the compression and 
rebound information to CPD unit 16 by generating output 
voltage signals simultaneously With the transmission of the 
detection signal and the reception of the response signal. The 
output voltage signals are communicated to the CPD unit via 
sensor cable 92a. (In the case of rear sensor substructure 14, 
the output voltage signals are communicated to CPD unit 16 
via sensor cable 92b). In the preferred embodiment, cable 
92a includes a Weather-tight union connector (not shoWn) 
Which alloWs the sensor substructure and the CPD unit to be 
connected and disconnected quickly. It Will be appreciated 
that the output voltage signals may take any form such as 
discrete pulses, frequency-modulated bursts, etc. 

[0047] As discussed above, the time delay betWeen the 
output voltage signals corresponds to the distance betWeen 
the transducer and the target surface. After reception of the 
output voltage signals, the CPD unit calculates the distance 
betWeen transducer 86 and target surface 98 by multiplying 
the time delay betWeen the output voltage signals With the 
speed of sound in air. (Distance=time delay*speed of 
sound.) 
[0048] If each pair of detection signal and response signal 
is considered as a single sample, it Will be appreciated that 
a greater sample rate Will yield a higher resolution of 
compression and rebound information. Due to the often 
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rapid action of the suspension, transducer 86 is preferably 
selected to be capable of a sample rate of at least 60 HZ, and 
more preferably 120 HZ or 240 HZ. In the preferred embodi 
ment, transducer 86 is a Polaroid 7000 series electrostatic 
transducer manufactured by Polaroid, Corp. of Cambridge, 
Mass. Alternatively, any suitable ultrasonic transducer may 
be used Which is constructed to transmit an ultrasonic 
detection signal and receive a response signal, and to gen 
erate a voltage output signal corresponding to the delay 
betWeen the transmission of the detection signal and the 
reception of the response signal. 

[0049] While front and rear sensor substructures 12 and 14 
have been described above as ultrasonic transducers 
mounted in telescoping conduits, it Will be appreciated that 
the invention is not limited to this embodiment and that other 
con?gurations are Within the scope of the invention. For 
eXample, conduit 42 may be omitted and transducer 86, With 
or Without housing 48, may be directly mounted adjacent the 
rider support frame. In such an alternative embodiment, a 
target may be mounted adjacent the Wheel assembly or some 
feature of the Wheel assembly itself may be used as a target 
surface. As another eXample, the conduit may be mounted in 
any of a number of alternative locations and orientations to 
measure various directional components of the compression 
and rebound of the motorcycle suspension. 

[0050] Furthermore, another method of measuring the 
compression and rebound of the motorcycle suspension may 
be substituted in place of the ultrasonic transducer. In one 
such alternative embodiment, a ?rst region of the vehicle 
suspension is marked or labeled With an optical, electrical, 
and/or magnetic indicia Which is readable by a scanning 
device mountable adjacent a second region of the vehicle 
suspension. The ?rst region is movable in relation to the 
second region or vice versa. The scanning device is con?g 
ured to scan the indicia and measure the relative movements 
of the ?rst and second regions. 

[0051] Regardless of the sensor structure con?guration, 
CPD unit 16 receives and analyZes the suspension related 
information from the sensor substructures and converts the 
information into various forms of suspension-analysis infor 
mation. As illustrated schematically in FIG. 14, the CPD 
includes a central processing unit (CPU) operatively con 
nected to a poWer source 150 via a sWitching poWer supply 
152. PoWer source 150 is preferably three 1.5 volt AA 
batteries connected in series. PoWer supply 152 provides the 
necessary poWer to both the digital and the analog compo 
nents of the CPD unit through the CPU. 

[0052] CPD unit 16 preferably includes a front transducer 
driver/receiver 156 Which supplies poWer to, and receives 
output voltage signals from, transducer 86 of front sensor 
substructure 12. Similarly, the CPD includes a rear trans 
ducer driver/receiver 158 Which supplies poWer to, and 
receives output voltage signals from, transducer 86 of rear 
sensor substructure 14. It Will be understood that in an 
embodiment in Which suspension monitoring system 10 is 
used With a vehicle having more than tWo Wheel assemblies, 
CPD unit 16 may be con?gured to have more than tWo 
transducer driver/receivers. 

[0053] In any event, the output voltage signals received by 
the driver/receivers are then sent to receive ampli?er/com 
parator 154. Ampli?er/comparator 154 acts as both a noise 
?lter and an ampli?er. The comparator portion ?lters out 
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signals of less than a predetermined signal strength to 
prevent background noise from being misidenti?ed as an 
output signal. The output of the comparator is then ampli?ed 
to the input voltage levels required by CPU 146. 

[0054] CPU 146 is con?gured to receive the voltage 
signals from ampli?er/comparator 154 and to calculate 
desired suspension-analysis information from the signals. 
CPU 154 includes a timing circuit (not shoWn) to measure 
the length of the time delay betWeen the detection signal and 
the response signal. The CPU then calculates the distance 
betWeen transducer 86 and target surface 98 as described 
above, based on a knoWn value for the speed of sound. 
Preferably, CPU 146 is capable of resolving changes in 
distance values of 0.01 inch. In any event, CPU 146 pref 
erably includes an information storage device such as Ran 
dom Access Memory (RAM) 148 to store a plurality of 
distance values for a desired period of motorcycle operation. 
In an alternative preferred embodiment, information storage 
device 148 has suf?cient capacity to store the distance values 
of multiple periods of motorcycle operation. 

[0055] It Will be appreciated that the capacity of informa 
tion storage device 148 Will depend on the sample rate of the 
transducer since a sample rate of 120 HZ Will generate tWice 
the number of distance values for a given period of operation 
as Will a sample rate of 60 HZ. Furthermore, the number of 
sensor assemblies from Which compression information is 
received Will also affect the amount of vehicle operation 
time for Which data can be stored. For example, assuming all 
Wheel assemblies are monitored and equal sample rates, a 
given information storage device Will be capable of storing 
the distance values from a motorcycle for tWice as long as 
from a four-Wheel vehicle. 

[0056] In the preferred embodiment, CPU 146 functions 
as a user interface and is controllable by the operator through 
select sWitch 126 and set sWitch 128 to display suspension 
analysis information to the motorcycle operator on display 
device 124. Display device 124, Which is connected to, and 
controlled by the CPU unit, may be any of a number of 
display devices such as a liquid-crystal display (LCD), a 
light emitting diode (LED) display, a mechanical dial dis 
play, etc. As discussed in more detail beloW, the rider 
preferably selects from among a plurality of display modes 
to vieW various types of suspension-analysis information 
derived from the calculated distance values. The suspension 
analysis information is usable to determine necessary adjust 
ments to the suspension. 

[0057] As shoWn in FIG. 10, the CPD unit includes 
housing 122 Which is rigidly mounted on adjustable bracket 
130 and con?gured to provide a Weather-tight enclosure for 
display device 124 and the CPD electronics described 
above. Preferably, handlebar 28 includes CPD mount 134 
Which is constructed to support the CPD unit. ScreWs 136 
pass through slots 132 in the adjustable bracket and engage 
holes (not shoWn) in the CPD mount to hold the adjustable 
bracket against the CPD mount. Slots 132 alloW the CPD 
unit to be adjusted to an optimal vieWing position by the 
rider. 

[0058] In the preferred embodiment, CPD unit 16 includes 
a remote start/stop sWitch 140 Which alloWs the rider to start 
or stop the CPD unit Without moving his or her hands from 
the motorcycle controls. Start/stop sWitch 140 is attached to 
handlebar 28 With strap 142 and transmits control signals to 
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CPD unit 16 via cable 144. Alternatively, start/stop sWitch 
140 may be incorporated into housing 122. 

[0059] Referring noW to FIGS. 11 and 12, various com 
ponents of the suspension-analysis information are dis 
played to the rider on display device 124. In the preferred 
embodiment, display device 124 includes timer 170, front 
compression bar graph 160, rear compression bar graph 162, 
and percentage compression scale 164. Timer 170 indicates 
the elapsed time of the current measurement period. Com 
pression bar graphs 160 and 162 display the percentage of 
compression of the front and rear suspension assemblies 
respectively. When the bar graphs indicate Zero percent 
compression, the respective suspension assemblies are fully 
extended. Conversely, When the bar graphs indicate 100 
percent compression, the respective suspension assemblies 
are fully compressed. 

[0060] It Will be appreciated that during a desired period 
of operation, the amount of compression for both the front 
and rear suspension assemblies Will continuously vary and, 
thus, the respective bar graph displays Will likeWise vary. 
This varying display can be seen by comparing FIGS. 11 
and 12. In FIG. 11, at time “1:42,” the front suspension 
assembly is indicated to be at approximately “40” percent 
compression While the rear suspension assembly is indicated 
to be at approximately “70” percent compression. Subse 
quently at time “2:30” shoWn in FIG. 12, the front suspen 
sion assembly is indicated to be at approximately “80” 
percent compression While the rear suspension assembly is 
indicated to be at approximately “100” percent compression. 

[0061] In the preferred embodiment, display device 124 
also includes full compression counters 166 and 168 Which 
indicate the occurrences of 100 percent compression or 
“bottoming” of the front and rear suspension assemblies, 
respectively. This feature is illustrated in FIG. 12 in Which 
rear full compression counter 168 has been incremented 
from “00” to “01” as a result of the 100 percent compression 
of the rear suspension assembly. 

[0062] In the alternative embodiment in Which informa 
tion storage device 148 has the capacity to store distance 
values for multiple periods of motorcycle operation, the 
information from each operation is stored as a separate 
record. The motorcycle rider operates CPD unit 16 using 
select sWitch 126 and/or set sWitch 128 to select Which 
period is being stored or displayed by selecting the associ 
ated record. Record number indicator 172 shoWs Which 
record is currently active. It Will be appreciated that When a 
neW record is accessed, timer 170 and full compression 
counters 166 and 168 are preferably reset to Zero. This 
multiple record feature alloWs the rider to repeat a test run 
over a desired course after making adjustments to the 
suspension and then compare the suspension-analysis infor 
mation from the tWo runs to evaluate the effect of the 
adjustments. 

[0063] In the preferred embodiment, display device 124 
also includes front multi-function readout 174 and rear 
multi-function readout 176. Readouts 174 and 176 display 
any of several components of the suspension-analysis infor 
mation as selected by the rider using sWitches 126 and/or 
128. The component selected for display is indicated by 
front display mode indicator 178 and rear display mode 
indicator 180, respectively. Preferably, readouts 174 and 176 
display the same components of the front and rear suspen 
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sion-analysis information sets. Alternatively, readout 174 
displays one component of the front suspension-analysis 
information While readout 176 displays a different compo 
nent of the rear suspension-analysis information. As a fur 
ther alternative, readouts 174 and 176 display different 
components of either the front suspension-analysis informa 
tion or the rear suspension-analysis information. 

[0064] One component preferably selectable for display 
on readouts 174 and 176 is “inches of travel” (IOT). When 
this display mode is selected, readout 174 displays the 
real-time distance (in inches) betWeen transducer 86 and 
target surface 98 of the front sensor substructure. Readout 
176 displays a similar value for the rear sensor substructure. 
This display mode is illustrated in FIGS. 11 and 12 in Which 
readouts 174 and 176 display quantitative values corre 
sponding to the graphical representations of front compres 
sion bar graph 160 and rear compression bar graph 162, 
respectively. 

[0065] In addition, the component “rate of compression” 
(ROC) is also preferably selectable for display on readouts 
174 and 176. CPU 146 is con?gured to calculate ROC by 
dividing the increase in IOT betWeen successive distance 
values by the elapsed time betWeen the distance values. The 
component ROC is useful in determining necessary adjust 
ments to the compression circuit of a suspension. Similarly, 
the component “rate of rebound” (ROR) is useful in deter 
mining adjustments in the rebound circuit of a suspension. 
CPU 146 is preferably con?gured to calculate ROR by 
dividing the decrease in IOT betWeen successive distance 
values by the elapsed time betWeen the distance values. As 
discussed above, the rider operates sWitches 126 and/or 128 
to select among ITU, ROC, or ROR as the display mode of 
readouts 174 and 176. 

[0066] It Will be appreciated that there are many compo 
nents of suspension performance Which are helpful in adjust 
ing a suspension and Which can be displayed on readouts 
174 and 176. Thus, the speci?c examples discussed above 
are intended as illustrative only and should not be read as 
limiting the claimed invention. 

[0067] In the preferred embodiment, CPD unit 16 is also 
operable to calibrate the calculations used to convert the 
input voltage signals into suspension-analysis information. 
During the manufacturing process, CPD unit 16 is pro 
grammed to store the exact distance betWeen the transducer 
and the target surface When the conduit is fully retracted. 
Thus, the operator can calibrate the speed of sound under 
current temperature and humidity conditions by disconnect 
ing either the proximal end of the conduit and/or the distal 
end, fully retracting the conduit, and operating the CPD unit 
to make a calibration measurement. The CPD is con?gured 
to conduct a distance measurement as described above, and 
then compare the measured transducer-to-target distance to 
the stored distance. If the tWo values are unequal, the CPD 
unit adjusts its stored value for the speed of sound accord 
ingly. It Will be appreciated that the same calibration method 
could be performed using a knoWn distance value for the 
conduit When fully extended. 

[0068] In addition to changes in sound speed, the system 
is preferably also con?gured for calibration of suspension 
travel. After calibrating the speed of sound (if desired), the 
operator can calibrate the Zero compression distance by 
placing the vehicle on a support such that all compressive 
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force is removed from the suspension, and then operating the 
CPD unit to take a distance measurement and store that 
value as Zero compression. Similarly, the operator can 
calibrate the full compression distance by forcing the sus 
pension into full compression and then operating the CPD 
unit to take a distance measurement and store that value as 
full compression. 

[0069] The embodiment of the invention described above 
enables a ?rst phase of operation in Which suspension 
analysis information is generated for a vehicle suspension 
and displayed on a vehicle-mountable display device for use 
in determining adjustments to the vehicle suspension. FIG. 
13 illustrates a second phase of operation in Which the 
suspension analysis information is doWnloaded to a remote 
computer for further analysis and manipulation. 

[0070] As shoWn in FIG. 13, the preferred embodiment of 
suspension monitoring system 10 also includes digital com 
puter 182 Which is connectable to CPD unit 16 and con?g 
ured to doWnload the suspension-analysis information from 
the CPD unit. Computer 182 includes a communications 
cable, such as RS-232 cable 186 for connecting to the CPD 
unit. In one embodiment, cable 186 includes a union con 
nector (not shoWn) to facilitate connection of the CPD unit 
and the computer. 

[0071] Computer 182 is preferably con?gured to store the 
suspension-analysis information in a data storage device 
(not shoWn) such as RAM, hard-disk, ?oppy-disk, CD 
ROM, etc. In any event, computer 182 is con?gured to alloW 
an operator to vieW additional components of the suspen 
sion-analysis information on display monitor 184. In the 
preferred embodiment, computer 182 is con?gured to con 
vert the suspension-analysis information into Waveform data 
and display the Waveform data to the operator on display 
monitor 182. This embodiment is illustrated in FIG. 13, in 
Which the distance values for front and rear sensor substruc 
tures are displayed as time-dependent Waves over a desired 

period of motorcycle operation. 

[0072] The Waveform data alloWs the operator to see the 
performance of a motorcycle suspension over a selected 
period of motorcycle operation rather than one data point at 
a time. In a preferred embodiment, computer 182 is con?g 
ured to alloW the operator to select the time scale and/or the 
compression scale of the Waveform display, thereby “Zoom 
ing in” or “Zooming out” on a speci?c portion of the 
Waveform. Using Waveform data, an operator can determine 
Whether a particular suspension is properly “tuned” so that 
the system fully rebounds betWeen successive compression 
events Without excessive bouncing. Additionally, an opera 
tor can determine Whether a suspension is effectively utiliZ 
ing its full range of compression Without excessive bottom 
mg. 

[0073] Computer 182 also preferably includes a user inter 
face to alloW the operator to calculate selected values and 
execute selected commands to manipulate the suspension 
analysis information to determine necessary adjustments to 
the motorcycle suspension. For example, in one preferred 
embodiment, computer 182 is controllable to determine the 
slope betWeen tWo points of the Waveform data Which are 
selectable by the operator. In another embodiment, the 
computer is controllable to determine the amount of opera 
tional time a suspension remains above or beloW a certain 
level. 



US 2004/0220708 A1 

[0074] Additionally, the computer is preferably con?gured 
to allow the operator to control the display of the suspen 
sion-analysis information using VCR-type controls to 
PLAY, PAUSE, FAST FORWARD, and REWIND the dis 
play of the information. It Will be appreciated that a Wide 
range of computations, features, and displays are possible 
With computer 182 depending on the needs of the operator 
and the con?guration of the suspension. Moreover, com 
puter 182 preferably acts as a large capacity storage device 
for storing suspension-analysis information for a plurality of 
vehicles and terrain. 

[0075] As described above, vehicle-mountable, suspen 
sion monitoring system 10 provides a method of determin 
ing adjustments to the suspensions of a Wide variety of 
vehicles. After mounting the sensor structure and CPD unit 
onto the vehicle and connecting cables 92, system 10 is 
ready to measure and display suspension-analysis informa 
tion for a desired period of vehicle operation. The vehicle 
operator then activates the CPD unit With start/stop sWitch 
140, selects the desired operational mode using sWitches 126 
and 128, and begins operating the vehicle across an irregular 
terrain. 

[0076] Sensor substructures 12 and 14 sense the move 
ment of Wheel assemblies 34 and 36 relative to operator 
support frame 22 and transmit the information to CPD unit 
16. The CPD unit receives the suspension related informa 
tion from the sensor substructures and calculates the dis 
tance values betWeen transducers 86 and the associated 
target surfaces 98. The distance values, also referred to 
herein as suspension-analysis information, are stored in 
information storage device 148. The CPD then converts the 
distance values into various components of suspension 
analysis information and displays the selected components 
to the vehicle operator on display device 124. 

[0077] After completion of the desired period of vehicle 
operation, the operator can cause the CPD unit to playback 
the stored suspension-analysis information. Alternatively, 
the operator may cause the CPD unit to playback suspen 
sion-analysis information Which Was stored during a previ 
ous period of vehicle operation. In any event, the operator 
employs sWitches 126 and/or 128 to select among the 
various components of suspension-analysis information to 
be displayed, including the amount of compression or IOT, 
ROC, ROR, number of occurrences of full compression, etc. 

[0078] Additionally, the vehicle operator may connect the 
CPD unit to digital computer 182 and doWnload the sus 
pension-analysis information stored on information storage 
device 148 to the computer for display on display monitor 
184 as a Waveform. Further, the operator may con?gure 
computer 182 to calculate and/or display additional compo 
nents of the suspension-analysis information. 

[0079] While the invention has been disclosed in its pre 
ferred form, the speci?c embodiments thereof as disclosed 
and illustrated herein are not to be considered in a limiting 
sense as numerous variations are possible. Applicants regard 
the subject matter of their invention to include all novel and 
non-obvious combinations and subcombinations of the vari 
ous elements, features, functions and/or properties disclosed 
herein. No single feature, function, element or property of 
the disclosed embodiments is essential. The folloWing 
claims de?ne certain combinations and subcombinations 
Which are regarded as novel and non-obvious. Other com 
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binations and subcombinations of features, functions, ele 
ments and/or properties may be claimed through amendment 
of the present claims or presentation of neW claims in this or 
a related application. Such claims, Whether they are broader, 
narroWer or equal in scope to the original claims, are also 
regarded as included Within the subject matter of applicants’ 
invention. 

We claim: 
1. A vehicle-mountable, suspension monitoring system 

for producing suspension-analysis information during a 
desired period of vehicle operation, the suspension-analysis 
information being usable to determine adjustments to a 
vehicle suspension that includes a rebound circuit and a 
compression circuit, the suspension monitoring system com 
prising: 

sensor structure located adjacent a desired section of such 
vehicle suspension; 

a control/processing/display (CPD) unit connected to 
communicate With the sensor structure, the CPD unit 
being manually operable by a vehicle operator and 
mountable on such vehicle in a location adjacent the 
vehicle operator; 

a poWer source operatively connected to the CPD unit; 
and 

Wherein the sensor structure is con?gured to sense sus 
pension related information and communicate the sus 
pension related information to the CPD unit, and 
Wherein the CPD unit is con?gured to receive the 
suspension related information from the sensor struc 
ture and to convert the suspension related information 
into suspension-analysis information, and Wherein the 
CPD unit is further con?gured to store the suspension 
analysis information during a desired period of vehicle 
operation and to display the suspension-analysis infor 
mation to the vehicle operator for use in adjusting such 
vehicle suspension. 

2. The suspension monitoring system of claim 1, Wherein 
the suspension-analysis information includes an amount of 
compression of such vehicle suspension. 

3. The suspension monitoring system of claim 2, Wherein 
the suspension-analysis information includes a rate of com 
pression of such vehicle suspension. 

4. The suspension monitoring system of claim 2, Wherein 
the suspension-analysis information includes a rate of 
rebound of such vehicle suspension. 

5. The suspension monitoring system of claim 2, Wherein 
the suspension-analysis information includes an indication 
of a full compression of such vehicle suspension. 

6. The suspension monitoring system of claim 2, Wherein 
such vehicle suspension is connected to couple an operator 
support frame to a plurality of Wheel assemblies, and 
Wherein the sensor structure includes an ultrasonic trans 
ducer con?gured to sense movement of at least one of such 
Wheel assemblies relative to such operator support frame. 

7. The suspension monitoring system of claim 6, Wherein 
the sensor structure includes a plurality of ultrasonic trans 
ducers con?gured to sense movements of a plurality of such 
Wheel assemblies relative to such operator support frame. 

8. The suspension monitoring system of claim 1, further 
comprising a digital computer system connectable to the 
CPD unit and con?gured to doWnload the suspension 
analysis information from the CPD unit. 
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9. The suspension monitoring system of claim 8, wherein 
the digital computer system includes a display monitor, and 
Wherein the digital computer system is con?gured to convert 
the suspension-analysis information into Waveform data and 
to display the Waveform data on the display monitor. 

10. The suspension monitoring system of claim 1, 
Wherein the CPD unit is con?gured to store the suspension 
analysis information for multiple periods of vehicle opera 
tion. 

11. The suspension monitoring system of claim 10, 
Wherein the CPD unit is con?gured to selectively display the 
suspension-analysis information for one of the multiple 
periods of vehicle operation. 

12. A motorcycle-mountable, suspension monitoring sys 
tem for producing suspension-analysis information during a 
desired period of motorcycle operation, the suspension 
analysis information being usable to determine desired 
adjustments to a motorcycle suspension that includes front 
and rear suspension assemblies, and a rebound circuit and a 
compression circuit associated With each assembly, the 
suspension monitoring system comprising: 

sensor structure located adjacent a desired section of such 
motorcycle suspension; 

a control/processing/display (CPD) unit connected to 
communicate With the sensor structure, the CPD unit 
being manually operable by a motorcycle rider and 
mountable on such motorcycle in a location adjacent 
the motorcycle rider; 

a poWer source operatively connected to the CPD unit; 

Wherein the sensor structure is con?gured to sense sus 
pension related information of such suspension and to 
communicate the suspension related information to the 
CPD unit; and 

Wherein the CPD unit is con?gured to receive the sus 
pension related information from the sensor structure 
and to convert the suspension related information to 
suspension-analysis information, and Wherein the CPD 
unit is further con?gured to display suspension-analy 
sis information to the rider for use in adjusting such 
motorcycle suspension. 

13. The suspension monitoring system of claim 12, 
Wherein such front suspension assembly is connected to 
couple a rider support frame to a front Wheel assembly and 
such rear suspension assembly is connected to couple a rider 
support frame to a rear Wheel assembly, and Wherein the 
sensor structure includes a front sensor substructure for 

sensing compression information of such front suspension 
assembly and includes a rear sensor substructure for sensing 
compression information of such rear suspension assembly. 

14. The suspension monitoring system of claim 13, 
Wherein the front sensor substructure is con?gured to mea 
sure movement of such front Wheel assembly relative to 
such rider support frame, and Wherein the rear sensor 
substructure is con?gured to measure movement of such rear 
Wheel assembly relative to such rider support frame. 

15. The suspension monitoring system of claim 14, 
Wherein the front sensor substructure includes an ultrasonic 
transducer con?gured to measure movement of such front 
Wheel assembly relative to such rider support frame, and 
Wherein the rear sensor substructure includes an ultrasonic 
transducer con?gured to measure movement of such rear 
Wheel assembly relative to such rider support frame. 
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16. The suspension monitoring system of claim 12, 
Wherein the CPD unit is con?gured to determine an amount 
of compression of such motorcycle suspension from the 
suspension-analysis information and to display the amount 
of compression to the motorcycle rider for use in adjusting 
such vehicle suspension. 

17. The suspension monitoring system of claim 12, 
Wherein the CPD unit is con?gured to determine a rate of 
compression of such motorcycle suspension from the sus 
pension-analysis information and to display the rate of 
compression to the motorcycle rider for use in adjusting 
such vehicle suspension. 

18. The suspension monitoring system of claim 12, 
Wherein the CPD unit is con?gured to determine a rate of 
rebound of such motorcycle suspension from the suspen 
sion-analysis information and to display the rate of rebound 
to the motorcycle rider for use in adjusting such vehicle 
suspension. 

19. The suspension monitoring system of claim 12, 
Wherein the CPD unit is con?gured to determine an occur 
rence of a full compression of such motorcycle suspension 
from the suspension-analysis information, and to display an 
indicator of the full compression to the motorcycle rider for 
use in adjusting such vehicle suspension. 

20. The suspension monitoring system of claim 12, 
Wherein the CPD unit is con?gured to store the suspension 
analysis information during a desired period of motorcycle 
operation, and Wherein the CPD unit is operable to display 
the stored suspension-analysis information to the motor 
cycle rider after completion of the desired period of motor 
cycle operation. 

21. The suspension monitoring system of claim 20, fur 
ther comprising a digital computer system connectable to the 
CPD unit and con?gured to doWnload the suspension 
analysis information from the CPD unit. 

22. The suspension monitoring system of claim 21, 
Wherein the digital computer system includes a display 
monitor, and Wherein the digital computer system is con 
?gured to convert the suspension-analysis information into 
Waveform data and to display the Waveform data on the 
display monitor. 

23. The suspension monitoring system of claim 20, 
Wherein the CPD unit is con?gured to store the suspension 
analysis information for multiple periods of motorcycle 
operation and to selectively display the suspension-analysis 
information for one of the multiple periods of motorcycle 
operation. 

24. For a vehicle having a rider support frame coupled to 
at least one Wheel assembly by a vehicle suspension, the 
vehicle suspension having a compression circuit and a 
rebound circuit to alloW the Wheel assembly to move relative 
to the rider support frame, sensor structure for measuring the 
compression and rebound of the vehicle suspension, the 
sensor structure comprising: 

a transducer mountable adjacent such rider support frame, 
the transducer being con?gured to transmit a detection 
signal; 

a target mountable adjacent such Wheel assembly and 
con?gured to receive the detection signal transmitted 
by the transducer and to return a response signal; 

Wherein the transducer is further con?gured to receive the 
response signal from the target, and Wherein a time 
delay betWeen the transmission of the output signal by 
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the transducer and the reception of the return signal by 
the transducer is proportional to a distance betWeen the 
transducer and the target; and 

Wherein the transducer is further con?gured to generate 
one or more output signals corresponding to the time 
delay. 

25. The sensor structure of claim 24, Wherein the trans 
ducer is con?gured to transmit an ultrasonic detection sig 
nal. 

26. The sensor structure of claim 24, further comprising 
a variable length conduit having a proXimal end connected 
adjacent such rider support frame, and a distal end connected 
adjacent such Wheel assembly, and Where the detection 
signal and the response signal propagate at least partially 
Within the conduit. 

27. The sensor structure of claim 26, Wherein the target is 
Within the conduit. 

28. The sensor structure of claim 26, Wherein the trans 
ducer is Within the conduit. 

29. The sensor structure of claim 26, Wherein the target 
includes an air vent to alloW air to How into and out of the 
conduit. 

30. The sensor structure of claim 26, Wherein the conduit 
includes a plurality of concentric, telescoping segments. 

31. A vehicle-mountable, control/processing/display 
(CPD) unit for analyZing suspension related information, 
and for converting the suspension related information into 
suspension-analysis information, and for displaying suspen 
sion-analysis information to a vehicle operator, the suspen 
sion related information being received during a desired 
period of vehicle operation from a sensor coupled to a 
vehicle suspension that includes a compression circuit and a 
rebound circuit, and the suspension-analysis information 
being usable to determine adjustments to the vehicle sus 
pension, the CPD unit comprising: 

a central processing unit mountable on such vehicle and 
connectable to communicate With such sensor, and 
con?gured to analyZe the suspension related informa 
tion received from such sensor and to convert the 
suspension related information into suspension-analy 
sis information, and Where the central processing unit 
includes an information storage device for storing 
suspension-analysis information during a desired 
period of vehicle operation; 

a display device mountable on such vehicle and connected 
to the central processing unit and con?gured to display 
the suspension-analysis information to the vehicle 
operator for use in adjusting such vehicle suspension; 
and 

a poWer source operatively connected to the central 
processing unit and the display device. 

32. The CPD unit of claim 31, Wherein the suspension 
analysis information includes an amount of compression of 
such vehicle suspension. 

33. The CPD unit of claim 31, Wherein the suspension 
analysis information includes a rate of compression of such 
vehicle suspension. 
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34. The CPD unit of claim 31, Wherein the suspension 
analysis information includes a rate of rebound of such 
vehicle suspension. 

35. The CPD unit of claim 31, Wherein the suspension 
analysis information includes an indication of a full com 
pression and an indication of a non-compression of such 
vehicle suspension. 

36. The CPD unit of claim 31, Wherein the central 
processing unit is connectable to a plurality of such sensors 
and is con?gured to analyZe the suspension related infor 
mation received from such plural sensors and to convert the 
suspension related information into plural sets of suspen 
sion-analysis information, and Wherein the display device is 
con?gured to display the plural sets of suspension-analysis 
information to the vehicle operator for use in adjusting such 
vehicle suspension; 

37. The CPD unit of claim 31, Wherein the central 
processing unit is connectable to a digital computer and 
controllable to doWnload the suspension-analysis informa 
tion to the digital computer. 

38. A method of determining adjustments to a vehicle 
suspension having a compression circuit and a rebound 
circuit, the method comprising: 

sensing suspension related information of such vehicle 
suspension during a desired period of vehicle opera 
tion; 

converting the suspension related information into sus 
pension-analysis information, the suspension-analysis 
information being usable by a vehicle operator to adjust 
such vehicle suspension; 

storing the suspension-analysis information for a desired 
period of vehicle operation in an information storage 
device mountable on such vehicle; and 

displaying the suspension-analysis information to the 
vehicle operator on a display device mountable on such 
vehicle in a location adjacent the vehicle operator. 

39. The method of claim 38, Wherein the step of convert 
ing includes determining an amount of compression of such 
vehicle suspension. 

40. The method of claim 38, Wherein the step of convert 
ing includes determining a rate of compression of such 
vehicle suspension. 

41. The method of claim 38, Wherein the step of convert 
ing includes determining a rate of rebound of such vehicle 
suspension. 

42. The method of claim 38, Wherein the step of convert 
ing includes determining Whether such vehicle suspension is 
fully compressed. 

43. The method of claim 38, further comprising doWn 
loading the suspension-analysis information from the infor 
mation storage device to a digital computer having a display 
monitor and displaying the suspension-analysis information 
on the display monitor as a Waveform. 


