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(57) ABSTRACT 

Provided is a sWing speed analyzer for mounting on a 
swinging implement and comprising a ?rst accelerometer, a 
processor and a shock attenuator. The processor uses an 

output from the ?rst accelerometer to compute a sWing 
speed of the sWinging implement. The shock attenuator is 
comprised of a material that is siZed and dimensioned to 
dampen an impact shock Wave by more than 50% at 125 HZ. 
The material is preferably siZed and dimensioned to dampen 
the impact shock Wave from more than 1000 g to less than 
500 g. Suitable attenuators can include viscoelastomeric 
materials such as foam. The sWing speed analyZer can 
advantageously include any of a releasable attachment 
mechanism, a liquid crystal or other visual display, a second 
accelerometer, and a strain gauge. The analyZer can advan 
tageously be attached to a golf club, a tennis racket, a 
baseball bat, or a hockey stick. 
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PORTABLE SWING SPEED ANALYZER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] (NOT APPLICABLE) 

STATEMENT RE: FEDERALLY SPONSORED 
RESEARCH/DEVELOPMENT 

[0002] (NOT APPLICABLE) 

BACKGROUND OF THE INVENTION 

[0003] The present invention generally relates to sporting 
equipment and, more particularly, to a portable sWing speed 
analyZer that is speci?cally adapted to be releasably 
mounted on a hand-held sporting implement such as a golf 
club. The sWing speed analyZer is con?gured to measure 
sWing parameters such as velocity during impact With an 
object such as a golf ball and to display the sWing parameters 
on a display device. The sWing speed analyZer may be 
further con?gured to measure bending in the hand-held 
sporting implements such as a golf club shaft, during a 
forWard sWing in order to determine Whether potential 
energy resulting from bending of a golf club shaft is released 
at the instant When the golf club strikes the golf ball. 

[0004] Many sporting activities such as golf, tennis and 
baseball utiliZe a sWinging implement such as a golf club, a 
tennis racket, or a baseball bat to strike an object, such as a 
golf ball, a tennis ball or a baseball. In such activities, it is 
often desirable to maXimiZe the sWinging speed of the 
sWinging implement. Furthermore, it is desirable that the 
maXimiZed speed of the sWinging implement occurs When 
the sWinging implement impacts the object. For the case in 
Which the sWinging implement is a golf club, it is desirable 
that the maXimiZed speed occurs at the instant When the golf 
club impacts the golf ball. 

[0005] The prior art includes numerous devices for mea 
suring the sWinging speed of sWinging implements such as 
those used in the above-mentioned sporting activities. Such 
devices may be generally referred to as sWing speed ana 
lyZers. Prior art sWing speed analyZers that are con?gured to 
measure the sWinging speed of a golf club may be generally 
classi?ed as one of three types. The ?rst type of sWing speed 
analyZer is comprised of an instrumented mat having 
embedded sensors. The embedded sensors measure and 

record the velocity of the club head as Well as the angular 
orientation and direction of travel of a face of the club head 
during its impact With the golf ball. The second type of 
sWing speed analyZer utiliZes a radar device or a radar gun 
that is placed adjacent to the golf ball. The radar device 
measures and records the maXimum velocity of the club 
head. 

[0006] The third type of sWing speed analyZer utiliZes an 
instrument that is attached to the shaft of the golf club. The 
instrument measures the maXimum centrifugal acceleration 
of the golf club and, by calibration, records the maXimum 
speed of the club head. The draWback of the third type of 
sWing speed analyZer is that the accelerometer is not isolated 
from the very high shock forces When the ball is struck. As 
a result, the third type of sWing speed analyZer is incapable 
of measuring the maXimum speed of the club head When a 
golf ball is being impacted. Furthermore, this third type of 
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sWing speed analyZer is incapable of alloWing the user to 
determine Whether the maXimum speed of the golf club 
occurred at impact With the golf ball, as is desired, or 
Whether the maXimum speed of the golf club occurred at a 
less critical point of the sWing. 

[0007] US. Pat. No. 4,991,850 issued to Wilhlem (the 
Wilhlem reference) discloses a sWing speed analyZer com 
prised of accelerometers that are embedded Within a Wooden 
head of a golf club. In an alternative embodiment, the 
accelerometers may be attached to an aft face of a metallic 
club head of a driver type golf club. In either con?guration, 
the sWing speed analyZer of the Wilhlem reference provides 
a system for measuring the speed of the club head. HoWever, 
the sWing speed analyZer of the Wilhlem reference is not 
portable due to the inclusion of accelerometers that are 
embedded Within the club head. Furthermore, the sWing 
speed analyZer of the Wilhlem reference fails to isolate the 
relatively delicate and sensitive accelerometers from very 
high shock forces on the order of 1000’s of g’s that occur 
When the golf club impacts the golf ball. 

[0008] US. Pat. No. 5,688,183 issued to Sabatino (the 
Sabatino reference) discloses a portable sWing speed ana 
lyZer comprised of an accelerometer that is attached to a 
golfer’s glove covering the user’s hand. The sWing speed 
analyZer of the Sabatino reference is con?gured to be 
portable. HoWever, the device suffers from the draWback of 
having reduced accuracy in measuring the velocity of the 
club head due to the relatively large spacing betWeen the 
accelerometer and the club head. The speed of a sWinging 
implement may be characteriZed by its velocity Which may 
be mathematically expressed by the formula, v=(a><r)O'5, 
Where a is the centrifugal acceleration, v is the tangential 
velocity, and r is the radius of rotation of the accelerometer. 
Therefore, by locating the accelerometer adjacent the grip 
portion of the shaft instead of near the club head, the 
accuracy of the club head velocity as measured by the 
accelerometer is reduced by a factor of four. In addition, 
because the shaft of the golf club typically ?exes or bends 
during the sWing, the additional velocity of the club head 
that occurs due to the release of potential energy When the 
golf club shaft re?eXes from its ?eXed position cannot be 
measured by the glove-mounted accelerometer of the Saba 
tino reference. 

[0009] US. Pat. No. 5,441,256 issued to Hachman (the 
Hachman reference) describes an accelerometer that is 
attached to the head of a golf club. As understood, the 
Hachman reference describes a method of using the accel 
erometer in order to determine the bending frequency of a 
shaft of the golf club. A golfer sWings the golf club With the 
accelerometer attached thereto. The same golf club is then 
placed in a bench-measuring device Wherein the golf club is 
held stationery and the shaft is ?eXed so that the shaft 
bending frequency may be measured. The golfer-sWung 
shaft bending frequency is then compared to the bench 
measured shaft bending frequency. Ostensibly, the golfer 
uses the comparison data in order to match the ?eX of the 
shaft to the particular golfer’s sWing. More speci?cally, the 
above-described procedure is understood to alloW a golfer to 
perform test sWings on a number of different golf club 
having shafts With varying bending characteristics. Theo 
retically, the golfer may select a shaft having bending 
characteristics that match the particular golfer’s sWing. Once 
selected, a set of shafts having the desired bending charac 
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teristics may be assembled into a customized set of golf 
clubs that allows the particular golfer to maximize the 
angular acceleration of each club head of the set during 
regular play. 

[0010] HoWever, the Hachman reference suffers from sev 
eral de?ciencies that detract from its overall utility for the 
folloWing reasons. During the sWing of a golf club, a portion 
of the angular acceleration of the club head results from the 
rotation of the golf club by the golfer. Another portion of the 
angular acceleration results from the ?ex of the golf club 
shaft during the sWing. Unfortunately, during the sWing of a 
golf club, the angular acceleration of the club head due to 
shaft bending cannot be determined because it is over 
Whelmed by very high centrifugal and tangential accelera 
tions of the club head. Based upon the above, FIG. 1 of the 
Hachman reference, Which is described as being a graph of 
the angular acceleration of the club head When sWung by the 
golfer, is believed to be inaccurate because it does not 
account for that portion of the angular acceleration resulting 
from rotation of the golf club by the golfer. Furthermore, it 
should be noted that no mention is made in the Hachman 
reference regarding using the accelerometer to determine the 
velocity of the club head. 

[0011] Us. Pat. No. 6,441,745 issued to Gates (the Gates 
reference) describes an acceleration monitor assembly hav 
ing a circuit board that is releasably mounted on a golf club 
shaft adjacent to the club head. The circuit board includes a 
linear accelerometer. The axis of the linear accelerometer is 
aligned With the axis of the shaft such that the linear 
accelerometer may measure centrifugal acceleration acting 
on the golf club during a sWing. A Wireless transmitter 
mounted on the circuit board transmits a signal from the 
linear accelerometer to a remote Wireless receiver that may 
be included in a Wrist-mounted device Worn by the golfer. 
The Wrist-mounted device displays a velocity reading after 
the sWing. As Was mentioned above in the description of the 
Sabatino reference, the instantaneous velocity of a club head 
can be calculated from the output of a linear accelerometer 
using the previously mentioned formula v=(a><r)O'5. 

[0012] HoWever, as is pointed out in the description of the 
Gates reference, the radius of rotation of the club head keeps 
changing during the sWing because of rotation of a golfer’s 
shoulders and because of cocking and uncocking of the 
golfer’s elboWs and Wrists during a sWing. As a result, the 
acceleration monitor assembly of the Gates reference 
requires the use of an accelerometer calibrator for accom 
modating changes in the radius of rotation of the linear 
accelerometer. In this regard, a chronograph such as a radar 
gun must be utiliZed to ?rst measure the actual speed of the 
club head. The actual speed is measured When the club head 
is at the bottom of the doWn stroke, Which is approximately 
the position of the club head during the sWing When the ball 
is struck. After the actual speed of the club head is measured, 
the circuit board and the linear accelerometer are calibrated 
by the accelerometer calibrator using the actual velocity of 
the club head as measured by the chronograph. After cali 
bration, the output of the linear accelerometer of the Gates 
reference Will correspond to the actual velocity of the club 
head. HoWever, it should be noted that the Gates reference 
does not claim nor does it disclose the measurement of the 
club head velocity. The Gates reference only discloses the 
receiving of a signal generated by the centrifugal accelera 
tion. 

Mar. 9, 2006 

[0013] In the Gates reference, the acceleration that is then 
displayed by the Wrist-mounted device is the maximum 
acceleration measured by the linear accelerometer that is 
aligned With the shaft. HoWever, the accelerometer Will 
typically experience shock forces of 1000’s of g’s When the 
golf ball is struck. By comparison, acceleration of the club 
head before the ball is struck or during a practice sWing is 
on the order of only about 100 g’s in the centrifugal 
direction. Thus, the maximum acceleration that is measured 
in the Gates reference is due to the shock on the club head 
When it strikes the golf ball, rather than the (desired) 
acceleration of the club head at the instant prior to impact. 
Thus, as understood, the acceleration monitor assembly of 
the Gates reference is incapable of determining the velocity 
of the club head by using a linear accelerometer for mea 
suring centrifugal force. 

[0014] Furthermore, a second embodiment of the accel 
eration monitor assembly of the Gates reference uses a 
second linear accelerometer having an axis that must be 
oriented perpendicular to the path of movement of the club 
head and also perpendicular to the shaft axis. The second 
embodiment ostensibly alloWs the golfer to determine if the 
golf club is moving in a direction that is transverse to the 
golf ball (i.e., out of the plane of sWing) at the time of 
impact, as is undesirable. Unfortunately, any misalignment 
of the second linear accelerometer causes it to measure a 
component of the acceleration in the tangential direction. 
Typically, the magnitude of accelerations of the club head at 
the instant prior to impact With the golf ball is about 100 g’s 
in the centrifugal direction (i.e., aligned With the shaft), is 
less than 1 g in the angular direction (i.e., aligned parallel to 
the striking surface), and about 10 g’s in the tangential 
direction (i.e., aligned in the direction of sWing at impact). 
Thus, even a slight misalignment of the second linear 
accelerometer Would cause it to measure a portion of the 
much greater tangential acceleration. 

[0015] For example, if the circuit board and, hence, the 
second accelerometer Were clipped onto the shaft With 
rotation or tWisting of only 5 degrees out of the plane of 
sWing, the second linear accelerometer Would measure 
almost 1 g. Thus, unless the acceleration monitor assembly 
of the Gates reference Were perfectly aligned on the shaft, 
resultant measurements of the second linear accelerometer 
Would not be usable in determining Whether or not the golf 
club is moving transverse to the golf ball at the time of 
impact. Furthermore, even if the acceleration monitor 
assembly Were perfectly aligned on the shaft, it Would not be 
possible to distinguish betWeen tWisting of the club face by 
the golfer or out-of-plane movement of the golf club using 
the second linear accelerometer as a cause of inaccurate 
directional movement of the golf ball (i.e., hooking or 
slicing). 

[0016] Finally, the acceleration monitor assembly of the 
Gates reference suffers from another de?ciency in that the 
circuit board is mounted on the shaft With a clip. Unfortu 
nately, as mentioned above, the 1000’s of g’s that are 
transmitted to the accelerometer When the golf ball is struck 
could cause the clip to fracture and/or to fall off the golf 
club. In addition, loW-cost linear accelerometers are inca 
pable of Withstanding such extreme shock and Would there 
fore likely fail upon ?rst impact of the club head With the 
golf ball. 
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[0017] Even if the acceleration monitor assembly used 
specially manufactured or scienti?c linear accelerometers 
that Were capable of withstanding 1000’s of g’s of shock, 
such accelerometers Would also need a much greater sensi 
tivity than the typical 1 percent sensitivity such that they 
could provide useful measurements closer to the 10 g 
tangential acceleration of the club head. To emphasiZe this 
point, if the acceleration at impact Were only 1000 g’s, 1 
percent thereof is 10 g’s Which is equal to the tangential 
acceleration of the club head. Thus, a standard accelerom 
eter that could survive the shock at impact Would unfortu 
nately be incapable of measuring the change in accelerations 
that occur during a typical golf sWing. 

[0018] As can be seen, there exists a need in the art for a 
sWing speed analyZer that can accurately measure the sWing 
ing speed of a sWinging implement, including the velocity of 
the sWinging implement, such as a golf club, at the instant 
prior to impact With an object such as a golf ball. Addition 
ally, there exists a need in the art for a sWing speed analyZer 
that can measure the sWinging speed of a sWinging imple 
ment at any point during the sWing. Also, there exists a need 
in the art for a sWing speed analyZer that is portable such that 
the sWing speed analyZer may be interchangeably mounted 
on a variety of alternative sWinging implements such as a 
variety of different golf clubs that are typically used by a 
golfer in playing a round of golf. 

[0019] There also exists a need for a sWing speed analyZer 
that uses commonly available, loW-cost battery-poWered 
accelerometers such that the overall complexity and cost of 
the sWing speed analyZer may be reduced. Finally, there 
exists a need in the art for a sWing speed analyZer that 
isolates the loW-cost accelerometer from the shock forces 
produced When the ball is struck. 

SUMMARY OF THE INVENTION 

[0020] The present invention overcomes the aforemen 
tioned draWbacks associated With sWing speed analyZers of 
the prior art. More particularly, the present invention is a 
sWing speed analyZer having an accelerometer that may be 
detachably mounted upon a sWinging implement, such as a 
golf club. The sWing speed analyZer is con?gured to isolate 
the accelerometer from very high shock forces that are 
produced When the sWinging implement strikes an object, 
such as a golf ball. The accelerometer may be con?gured to 
measure either centrifugal acceleration or tangential accel 
eration. 

[0021] For con?gurations Where the accelerometer mea 
sures centrifugal acceleration, the microprocessor is cali 
brated using a calibration factor. The measurement of cen 
trifugal acceleration may then be used to determine 
maximum velocity of a striking end of the sWinging imple 
ment using the formula v=(a><r)O5, Where a is the centrifugal 
acceleration, v is the tangential velocity, and r is the radius 
of rotation of the accelerometer. As is noted in the formula, 
the velocity is dependent on the value of the radius of 
rotation of the striking end r. Thus, the sWing speed analyZer 
must be calibrated for a particular sWinging implement 
having a given length such that the proper radius of rotation 
may be factored into the formula. For example, Where the 
sWinging implement is the golf club having a shaft and a 
club head, the sWing speed analyZer is preferably calibrated 
for the particular shaft length of the golf club. 
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[0022] In addition, because the shaft of the golf club 
typically ?exes during the sWing, the calibration of the 
sWing speed analyZer accounts for additional velocity of the 
club head occurring due to the release of potential energy 
When the shaft re?exes from its ?exed position. By calibrat 
ing, the accuracy With Which the sWing speed analyZer 
measures acceleration may be improved. HoWever, because 
the sWing speed analyZer may typically be used on a driver 
type golf club of a given shaft length and stiffness instead of 
on multiple golf clubs having different shaft lengths, any 
limitations in measurement accuracy caused by change in 
shaft length, the sWing speed analyZer still alloWs a user to 
extract useful data from centrifugal acceleration measure 
ments. 

[0023] The sWing speed analyZer may also be con?gured 
such that the accelerometer measures tangential acceleration 
of the striking end during a forWard sWing of the sWinging 
implement. It has been determined that a user of certain 
types of sWinging implements typically axially rotates the 
sWinging implement betWeen sWings. For example, prior to 
sWinging a baseball bat, a batter typically adjusts their grip 
on the bat by slightly axially rotating the bat. It has also been 
determined that the user of certain types of sWinging imple 
ments axially rotates the sWinging implement during the 
forWard sWing. For the case of the golf club, a golfer 
typically axially rotates a shaft and, hence, the club head, 
during the forWard sWing due to natural physiological 
motions occurring in the golfer’s torso, shoulders, arms and 
Wrists. 

[0024] More speci?cally, at the top of a back sWing just 
prior to starting the forWard sWing, the club face of the club 
head is typically oriented approximately parallel to the plane 
of sWing. HoWever, as the forWard sWing of the golf club 
progresses, the club face axially rotates about the shaft 
through approximately ninety degrees so that the club face 
is oriented normal to the plane of sWing When the club head 
impacts With the golf ball. Therefore, in order to accurately 
measure tangential acceleration of the club head, the accel 
erometer must be positioned such that tangential accelera 
tion is measured With respect to the plane of sWing, and not 
With respect to the axially rotating club face. 

[0025] Importantly, by using a dual-axis accelerometer 
having a pair of orthogonally oriented axes, the axes can be 
positioned Without regard to the orientation of the striking 
surface. With the dual-axis accelerometer, each axis mea 
sures a component of tangential acceleration in the direction 
of movement. A resultant tangential acceleration may then 
be calculated from the respective components thereof. The 
resultant tangential acceleration is the acceleration in the 
plane of sWing. Aprocessor or microcontroller of the sWing 
speed analyZer is con?gured to calculate the resultant tan 
gential acceleration and then to integrate the resultant tan 
gential acceleration over time to determine tangential veloc 
ity of the striking end. The microcontroller may be further 
con?gured to integrate the tangential velocity over time in 
order to determine the distance traveled by the striking end. 
It should be noted that the microcontroller may also measure 
other types of sWing parameters of the striking end includ 
ing, but not limited to, duration of the forWard sWing and 
distance traveled by the striking end during the forWard 
sWing. The sWing speed analyZer may include a display 
device that is con?gured to display at least one of the sWing 
parameters. 
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BRIEF DESCRIPTION OF THE DRAWING 

[0026] These as Well as other features of the present 
invention Will become more apparent upon reference to the 
drawings Wherein: 

[0027] FIG. 1 is a perspective vieW of a sWing speed 
analyZer mounted on a shaft of a golf club in one aspect of 
the invention and further illustrating a Wireless receiver 
Worn on a Wrist of a user of the sWing speed analyZer; 

[0028] FIG. 2 is a perspective vieW of the shaft-mounted 
sWing speed analyZer illustrating the arrangement of ?rst, 
second and third aXes oriented orthogonally relative to one 
another and along Which accelerations of the golf club may 
be respectively measured; 

[0029] FIG. 2a is an enlarged perspective vieW of the 
shaft-mounted sWing speed analyZer illustrating a shock 
attenuator disposed betWeen the sWing speed analyZer and 
the shaft and further illustrating a display WindoW and an 
on/off sWitch as may be included With the sWing speed 
analyZer; 
[0030] FIG. 3 is a perspective vieW of the user sWinging 
the golf club With the relative orientation of the golf club 
being shoWn in sequence illustrating aXial rotation of a club 
head With respect to a plane of sWing of the golf club; 

[0031] FIG. 4a is an aXial cross-sectional vieW of the 
shaft-mounted sWing speed analyZer shoWn in FIG. 1 hav 
ing an accelerometer that is con?gured and oriented to 
measure centrifugal acceleration and further illustrating a 
shock attenuator disposed betWeen the shaft and a housing 
of the sWing speed analyZer; 

[0032] FIG. 4b is a longitudinal cross-sectional vieW of 
the shaft-mounted sWing speed analyZer taken along line 
4b-4b of FIG. 4a and illustrating an electronic assembly 
having the accelerometer mounted Within the housing; 

[0033] FIG. 5a is an aXial cross-sectional vieW of the 
shaft-mounted sWing speed analyZer shoWn in FIG. 1 hav 
ing a dual-axis accelerometer that is con?gured and oriented 
to measure tangential acceleration and illustrating the shock 
attenuator disposed betWeen the shaft and the housing; 

[0034] FIG. 5b is a longitudinal cross-sectional vieW of 
the shaft-mounted sWing speed analyZer taken along line 
5b-5b of FIG. 5a and illustrating the electronic assembly 
having the dual-aXis accelerometer mounted Within the 
housing; 
[0035] FIG. 6 is a perspective vieW of the sWing speed 
analyZer mounted on a club head of a driver-type golf club 
in a further aspect of the invention; 

[0036] FIG. 6a is a cross-sectional vieW of the club 
head-mounted sWing speed analyZer taken along line 6a-6a 
of FIG. 6 and illustrating components of the electronic 
assembly disposed Within the housing; and 

[0037] FIG. 7 is a perspective vieW of a shaft bending 
measurement device mounted on the shaft of the golf club 
above the sWing speed analyZer in a further aspect of the 
invention; 
[0038] FIG. 7a is a cross-sectional vieW of the shaft 
bending measurement device taken along line 7a-7a of FIG. 
7 and illustrating components of a device electronic assem 
bly disposed Within the housing; 
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[0039] FIG. 8 is a plot of voltage output from an accel 
erometer con?gured to measure centrifugal acceleration vs. 
time for a practice sWing and for a striking sWing Wherein 
the sWinging implement strikes an object resulting in a 
substantial increase in the voltage output from the acceler 
ometer; 

[0040] FIG. 9 is a plot of acceleration as measured by 
accelerometers respectively oriented to measure accelera 
tion along the ?rst, second and third aXes of the reference 
coordinate system shoWn in FIG. 2 vs. tangential accelera 
tion calculated as a resultant of accelerations respectively 
measured along the second and third aXes vs. time during a 
sWing of the golf club; 

[0041] FIG. 10 is a plot of centrifugal acceleration vs. 
resultant tangential acceleration vs. velocity vs. distance of 
travel of the sWinging implement vs. time during the forWard 
sWing of the sWinging implement; 

[0042] FIG. 11 is a plot of tangential acceleration vs. club 
head velocity calculated by integrating the tangential accel 
eration With respect to time vs. shaft bending vs. time during 
the forWard sWing of the sWinging implement; 

[0043] FIG. 12 is an elevational vieW of a baseball bat 
having the sWing speed analyZer mounted thereon in another 
aspect of the invention; and 

[0044] FIG. 12a is an enlarged cross-sectional vieW of the 
sWing speed analyZer as may be mounted on the baseball 
bat. 

[0045] FIG. 13a is a circular cross-sectional shape of the 
golf club shaft at a hosel end thereof and having a coef?cient 
of drag of about 1.2. 

[0046] FIG. 13b is an oval or elliptical cross-sectional 
shape in one embodiment of the housing having a coef?cient 
of drag of about 0.45. 

[0047] FIG. 13c is a preferred airfoil shaped cross-section 
shape of the housing having a coef?cient of drag of about 
0.29 and illustrating a preferred alignment thereof With a 
plane of sWing of the golf club. 

[0048] FIG. 14a is a schematic illustration of a single 
degree-of-freedom spring/mass shock attenuator as incorpo 
rated into the sWing speed analyZer of the present invention 
With the shock attenuator including an input acceleration, a 
spring mechanism, a damping mechanism and an output 
acceleration. 

[0049] FIG. 14b is the shock attenuator of the sWing speed 
analyZer corresponding to the single-degree-of-freedom 
spring/mass shock attenuator illustrated in FIG. 14a. 

[0050] FIG. 14c illustrates plots of frequency vs. trans 
missibility ratio for a range of shock attenuators as may be 
incorporated into the sWing speed analyZer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0051] Referring noW to the draWings Wherein the shoW 
ings are for purposes of illustrating various aspects of the 
invention and not for purposes of limiting the same, pro 
vided is a sWing speed analyZer 10 as may be mounted on 
a sWinging implement 12. The sWing speed analyZer 10 is 
con?gured to measure a sWing parameter during a forWard 
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swing of the swinging implement 12. As can be seen in 
FIGS. 1 and 2, the swinging implement 12 has a striking 
end 16 and a grip end 14 with the swing speed analyzer 10 
preferably being mounted adjacent the striking end 16. The 
swing of the swinging implement 12 de?nes a plane of 
swing, indicated as POS in FIG. 3. The swinging implement 
12 also de?nes a ?rst axis A1 that extends therethrough from 
the grip end 14 to the striking end 16. The grip end 14 may 
be held or grasped by a user in swinging the swinging 
implement 12. The swing parameter may be measured 
during a swing of the swinging implement 12 wherein the 
striking end 16 may or may not strike or impact an object 40. 

[0052] As will be described in greater detail below, the 
swing speed analyZer 10 is con?gured to measure swing 
parameters of a variety of types of swinging implements 12 
including hand-held sporting implements having a shaft 58 
coupled to a head 124. Such hand-held sporting implements 
may include, but are not necessarily limited to, a golf club 
56, a baseball bat 36, a tennis racket and a hockey stick. 
Furthermore, the swing speed analyZer 10 is con?gured to 
measure various swing parameters including, but not limited 
to, centrifugal acceleration, tangential acceleration, tangen 
tial velocity, duration of the forward swing, and distance of 
travel of the striking end 16 during the forward swing. For 
the case where the swinging implement 12 is swung without 
striking the object 40, the swing is hereinafter referred to as 
a practice swing. For the case where the swinging implement 
12 is swung such that the striking end 16 strikes or impacts 
the object 40, the swing is hereinafter referred to as a striking 
swing. 

[0053] Referring to FIGS. 2 and 3, shown is a typical 
swing of the golf club 56 with the position of the golf club 
56 being shown sequentially. As can be seen in FIG. 3, a 
club head 60 of the golf club 56 axially rotates with respect 
to the plane of swing POS of the golf club 56 during the 
forward swing. As an aid in an explanation of the dynamics 
of a typical swing of the golf club 56, three orthogonally 
arranged directions or axes are de?ned in FIGS. 2 and 3. 
The ?rst axis, indicated in FIGS. 2 and 3 as A1, is shown 
as being aligned with or oriented parallel to longitudinal 
direction of the swinging implement 12 such as a shaft 58 of 
the golf club 56. The ?rst axis A1 may be referred to as the 
centrifugal direction. Also in FIGS. 2 and 3 is shown a 
second axis A2 oriented normal to a striking surface or a 
club face 62 of the golf club 56. The second axis A2 may be 
referred to as the tangential direction. A third axis A3 is 
shown in FIGS. 2 and 3 as being oriented parallel to the 
club face 62. The third axis A3 may be referred to as the 
out-of-plane direction. As was earlier mentioned, the golf 
club 56 may be swung in either a practice swing or a striking 
swing. In the striking swing, the club head 60 may impact 
with a golf ball 64. The following explanation of swing 
dynamics may be applied to striking swings as well as to 
practice swings. 

[0054] As can be seen in FIG. 3, at the start of the forward 
swing, the golfer swings or rotates the golf club 56 such that 
the club head 60 rotatably moves toward the ground. As can 
be seen, at the start of the forward swing, the club face 62 
is oriented approximately parallel to the plane of swing POS 
(i.e., the second axis A2 is oriented normal to the plane of 
swing POS). It will also be noted that during the forward 
swing, the club head 60 initially moves in a combined 
direction of the ?rst axis A1 and the third axis A3. During 
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the forward swing, the shaft 58 axially rotates causing the 
club face 62 to also axially rotate. As can be seen in FIG. 3, 
the club face 62 typically axially rotates approximately 
ninety degrees from a start of the forward swing at a top 
position of the swing until the club head 60 moves along the 
ground at a bottom position of the forward swing. 

[0055] Due to this axial rotation of the shaft 58 shown in 
FIG. 3, the club head 60 moves in a combined direction of 
the second axis A2 and third axis A3. During a striking 
swing, at the point during the swing where the club face 62 
impacts with the golf ball 64, the club face 62 has axially 
rotated such that the club head 60 essentially moves along 
the direction of the second axis A2. At a start of the forward 
swing, there is some movement in the direction of the ?rst 
axis A1 (i.e., the centrifugal direction). However, it has been 
determined that such movement in the centrifugal direction 
at the start of the forward swing may be neglected without 
signi?cant error in the measurement of swing parameters. 
Therefore, the movement of the club head 60 in the plane of 
swing POS may essentially be determined by calculating a 
resultant tangential acceleration from the movement in the 
second axis A2 (i.e., the tangential direction) and the third 
axis A3 (i.e., the out-of-plane direction). 

[0056] Referring to FIGS. 2 and 3, in an aspect of the 
invention, the swing speed analyZer 10 is shown mounted on 
the golf club 56. The golf club 56 of FIG. 2 has the shaft 58 
with the striking end 16 being con?gured as the club head 
60. The shaft 58 connects the club head 60 to the grip end 
14. The swing speed analyZer 10 is preferably mounted near 
a hosel adjacent the club head 60 of the golf club 56. 
However, the swing speed analyZer 10 may also be mounted 
on the club head 60 as is shown in FIGS. 6 and 6a and as 
will be described in greater detail below. In addition, the 
con?guration of the swing speed analyZer 10 shown in 
FIGS. 6 and 6a may be mounted on the baseball bat 36 
adjacent the striking end 16 thereof, as is shown in FIG. 12 
and as will be described in greater detail below. 

[0057] Importantly, in each of the embodiments shown in 
the ?gures and described below, the swing speed analyZer 10 
may be con?gured to be releasably attachable to the swing 
ing implement 12. Furthermore, the swing speed analyZer 10 
may include an attachment mechanism 120 that threadably 
and releaseably couples the swing speed analyZer 10 to the 
shaft 58 of the swinging implement 12, as will be described 
in greater detail below. Alternatively, the swing speed ana 
lyZer 10 may include an attachment mechanism 120, such as 
a suction cup 66, that non-threadedably couples the swing 
speed analyZer 10 to the shaft 58 of the swinging implement 
12. 

[0058] Referring now to FIGS. 4a and 4b, in an aspect of 
the invention, the swing speed analyZer 10 comprises an 
electronic assembly 18 connected to a power source 28. The 
power source 28 is con?gured to provide power to the 
electronic assembly 18. The electronic assembly may be 
releasably attached to the swinging implement 12. The 
electronic assembly 18 may also be housed within a housing 
44. Advantageously, the housing 44 may be con?gured to be 
releasably mountable on the swinging implement 12 such as 
on the shaft 58 of the golf club 56. The releasable mounting 
of the housing 44 allows the swing speed analyZer 10 to be 
mounted on different types of swinging implements 12 such 
as different types of golf clubs 56, as may be desirable 
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during playing of a round of golf. Importantly, a shock 
attenuator 38 may be interposed between the shaft 58 and the 
housing 44. As will be explained in greater detail below, the 
shock attenuator 38 may be con?gured to attenuate shock 
loads transmitted between the swinging implement 12 and 
the electronic assembly 18 during a striking swing. 

[0059] The electronic assembly 18 may include at least 
one accelerometer 20 such as a ?rst accelerometer that 
provides a ?rst output. Optionally, the electronic assembly 
18 may include a second accelerometer 20 which provides 
a second output. The electronic assembly 18 may also 
include at least one processor 22 such as a microprocessor 
or microcontroller which uses the ?rst output and/or second 
output from the accelerometer(s) 20 to compute a swing 
speed. The accelerometer 20 and the microcontroller 22 may 
be mounted on a circuit board 72. The electronic assembly 
18 may include at least one display device 24, as can be seen 
in FIGS. 2a, 6a and 12a. The ?rst accelerometer 20 may be 
con?gured as a single-axis accelerometer 20 as is shown in 
FIGS. 4a and 4b, or as a dual-axis accelerometer 20, as is 
shown in FIGS. 5a and 5b and as will be described in greater 
detail below. Likewise, the second accelerometer 20 may be 
con?gured as a single-axis accelerometer 20 or as a dual 
aXis accelerometer 20. Furthermore, the accelerometer 20 
may comprise a pair of accelerometers 20 having respective 
accelerometer aXes that are substantially orthogonally jux 
taposed or aligned relative to each other. It is contemplated 
that the accelerometer 20 may be con?gured in any number 
of alternative arrangements. For purposes of the following 
description of the swing speed analyZer 10, each of the 
above con?gurations and combinations of accelerometers 20 
are hereinafter referred to as “accelerometer”20 unless oth 
erwise noted. 

[0060] The accelerometer 20 may be electrically con 
nected to the processor 22, as may the display device 24, if 
included. The display device 24 is con?gured to display the 
swing parameter. The processor 22 is operative to cause the 
display device 24 to generate a visual indication of the swing 
parameter. Importantly, the accelerometer 20 is con?gured 
to measure acceleration of the swinging implement 12. The 
accelerometer 20 is also con?gured to generate an output 
signal that is representative of the acceleration. The accel 
erometer 20 may be surface-mounted to the circuit board 72 
wherein an aXis of the accelerometer 20 (i.e., the aXis along 
which the acceleration is measured) is oriented normal to the 
circuit board 72. For con?gurations wherein the accelerom 
eter 20 is con?gured to measure centrifugal acceleration, the 
circuit board 72 is preferably oriented such that the aXis of 
the accelerometer 20 is substantially aligned with or is 
oriented substantially parallel to the plane of swing POS of 
the swinging implement 12. However, the accelerometer 20 
may be con?gured such that the aXis of the accelerometer 20 
is oriented substantially normal or perpendicular to the ?rst 
aXis A1. Such alignment of the accelerometer 20 with the 
plane of swing POS and/or with the ?rst aXis A1 improves 
the accuracy with which the accelerometer 20 measures 
centrifugal acceleration. 

[0061] In FIGS. 4a and 4b, the single-axis accelerometer 
20 shown is con?gured to measure centrifugal acceleration 
in the direction parallel to the shaft 58 of the golf club 56 
(i.e., along the ?rst aXis A1). The accelerometer 20 may 
advantageously be mounted on the circuit board 72, which 
may be oriented substantially parallel to the ?rst aXis A1 of 
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the swinging implement 12, as shown in FIGS. 4a and 4b. 
Alternatively, the circuit board 72 may be oriented approxi 
mately ninety degrees to the orientation shown in FIGS. 4a 
and 4b, such that the circuit board 72 is oriented approxi 
mately normal to the striking surface. However, it should be 
noted that the accelerometer 20 could also be con?gured to 
measure acceleration in the direction normal to the surface 
upon which it is mounted. For accelerometers 20 of such a 
con?guration, the circuit board 72 may advantageously be 
oriented to be substantially normal to the aXis A1, as is 
shown in FIGS. 5a and 6. 

[0062] Referring to FIGS. 6 and 6a, shown is the swing 
speed analyZer 10 mounted on the club head 60 of a 
driver-type golf club 68 in a further aspect of the invention. 
An attachment mechanism 120 such as the suction cup 66 
may be included with the swing speed analyZer 10 wherein 
the suction cup 66 is con?gured to be detachably mounted 
on a top surface 70 of the club head 60. In such a con?gu 
ration, the shock attenuator 38 may be con?gured to be 
mounted on the suction cup 66 so as to attenuate shock loads 
that may otherwise be transmitted from the club head 60 to 
the electronic assembly 18 and, hence, to the accelerometer 
20 during a striking swing. The housing 44 may be attached 
to the shock attenuator 38 and may be con?gured to house 
the electronic assembly 18. In FIGS. 6 and 6a, the accel 
erometer 20 shown is con?gured to measure a component of 
centrifugal acceleration in a direction parallel to the shaft 58. 
Therefore the accelerometer 20 may advantageously be 
mounted on the circuit board 72 that is preferably oriented 
to be substantially parallel to the club head 60 of the golf 
club 56. 

[0063] For a driver-type golf club 68, the top surface 70 
thereof is typically angled at about thirty degrees relative to 
the ?rst aXis A1. Because of the thirty degree offset of the top 
surface 70 from the ?rst aXis A1, the accelerometer 20 
measures about eighty-seven percent (i.e., the cosine of 
thirty degrees) of the centrifugal acceleration along the ?rst 
aXis A1. In addition, because of the thirty degree offset, the 
accelerometer 20 may also pick up or measure about ?fty 
percent of the acceleration along the third aXis A3. However, 
during a typical swing of the golf club 56, it is believed that 
the magnitude of acceleration in the direction of the third 
aXisA3 is negligible relative to the magnitude of centrifugal 
acceleration as well as the magnitude of tangential accel 
eration along the third aXis A3 during the forward swing. 
Therefore, it is believed that acceleration measured by the 
accelerometer 20 along the third aXis A3 has a negligible 
effect on the accuracy of centrifugal acceleration measure 
ments. 

[0064] The processor 22 in FIGS. 4a, 4b, 5a, 5b, 6, 6a 12a 
is connected to the accelerometer 20 and is con?gured to 
sample the output signal over time during the forward swing 
of the swinging implement 12. Based on the output signal, 
the processor 22 may determine the swing parameter of the 
striking end 16. For the con?guration shown in FIGS. 4a 
and 4b where the accelerometer 20 is con?gured to measure 
centrifugal acceleration during a practice swing, in order to 
determine tangential velocity of the striking end 16, the 
processor 22 may sample the output signal during the 
forward swing of the swinging implement 12 and store the 
centrifugal acceleration. 

[0065] Using correlation factors or calibration factors, the 
processor 22 may then determine the tangential velocity 
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