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(57) ABSTRACT 
An instrumented golf club system having an instrumented 
golf club, an interface means and a computing means is 
disclosed herein. The instrumented golf club includes a 
plurality of sensors, an internal poWer supply, an angular rate 
sensor and an internal ring buffer memory for capturing data 
relating to a golf sWing. The interface means is capable of 
transferring data from the instrumented golf club to the 
computing means for processing the data and presenting the 
data in a useful and informative format. The data may be 
used to assist a golfer’s sWing, or to design an appropriate 
golf club for a speci?c type of golfer. 



Patent Application Publication Jun. 28, 2001 Sheet 1 0f 14 US 2001/0005695 A1 

Qt 



Patent Application Publication Jun. 28, 2001 Sheet 2 0f 14 US 2001/0005695 A1 

X 

FIG. 3 42 



Patent Application Publication Jun. 28, 2001 Sheet 3 0f 14 US 2001/0005695 A1 

120 122 
< ) H5 

I H6 

€€ ii i 

5 FIG. 
I25 



Patent Application Publication Jun. 28, 2001 Sheet 4 0f 14 US 2001/0005695 A1 

Q2) Q3 

NI 

Q3 

m2 

m3 m: 



Patent Application Publication Jun. 28, 2001 Sheet 5 0f 14 US 2001/0005695 A1 

200 

FIG. 7 
START 202 FIG. 7A 

X 204 
"_'_"_"__'__"1 OPEN sOFFwARE X 

TO VERIFY PROGRAM NO RE-BOOT COMPUTER 
FIG. 73 

YES 206 
PIAGE GOLF CLUB f 

IN INTERFACE CRADLE 208 270 

r‘) 2 FIG. 70 
GREEN LIGHT IS ~CHECK AIIGNIIENI OF PINS 
ILLUMINATED .ON NO AND GONIAGI POINIs 

INTERFACE CRADLE? -QHEQK CONDmON OF 
BATTERIES 

YES —CYCLE POIIIER 
OPEN TEST -CHECK FOR OIRI OR OxIOAIION 

INFERFACE SCREEN 1 ON PINS 0R CONTACT POINTS 
212 

f274 
sOFIIIIARE INOIGAIES -GIIEGI< GONOIIION 0F f275 

GOLF CLUB IN GOIIIIIINIGAIION NO BAFIERIEs 
NEH CONPUNNG MEANS? -CHECK sERIAI PORT GONNEGIION 

t FROII INIERFIIGE GRAIIIE IO 
_ YES GOIIPIIIER 

INIIIAEIZE GOEF CLUB 4W POWER 
SENSORS AND MEMORY x278 

OPEN AND VERIFY N220 
SENSORS mm 224 226 

222 2 
VERIFY DYNAMIC STRAIN GAOGE CHANNELS 'gmgéc‘dl?gffm 

SENSORS OPERATION EUNCTIONING? N0 STRNN GAUGE 

YES -GIIEGI< sIRNN GAuGE 

VERIFY SENSORS ZEROES QRCUH -CHECK STRAIN GAIIG 

FIG 7A ‘IAN SEA” EFL‘BERIAJNS E . UA HA 8 I _\-228 



Patent Application Publication Jun. 28, 2001 Sheet 6 0f 14 US 2001/0005695 A1 

250 232 

—CHECK ACCELERDNETER 
Accm?u?jgg?nfgm’im N0 CTRCDTT BOARD ON 

F I G. 75’ - OSCILLOSCOPE 
YES 

VERIFY SENSDRS ZERDES 
NANDALLY INVERT 

234x INTERFACE CRADLE 2240 

—CHECK wTRE LEADS AT 
ANGULAR RATE CHANNEL 252/‘ SENSOR AND CTRCuTT 

O FDNCDDNTNC? N0 BOARD 

VERIFY PROPER INITLAL 
vALuE 

255v“ NANDALLY RDTATE INTERFACE 
CRADLE 

zgz 34 2846 
GOLF CLUB REMOVED DATTERTES RENDvED TRDN YES 

FROM TNTERTACE CRADLE? YES GOLF CLUB? GO To 206 

NO 

RENDvE CDLT CLUB ERDN W248 
lNTERFACE CRADLE 

RN GOLF BALL $250 

ACCELERDNETER ExCEEDS 
250g THRESHOLD?\-/ 

RlNG BUEFER MEMORY A 
CARTDRES GOLF swlNe/ 254 

IN A DATA BLOCK 



Patent Application Publication Jun. 28, 2001 Sheet 7 0f 14 US 2001/0005695 A1 

256 
SYSTEN ESTADDSRES ADDRESS 

LDDATTDN, PDTNTERS, FDR 

DATA BLOCK FIG 7C 

RDTNTERS DTcTATED BY 

258'\~ SECONDARY NTDRDRRDDESSDR 2252 2864 
NO NUMBER DF DATA N0 \/ 260 TEST DDNREETED? BLOCKS : 8? e0 T0 250 

YES 

255 INSERT GOLF CLUB TNTD YES 
'\, INTERFACE CRADLE 270 

-cNEcT< ADDNNENT DF RTNS 
zeaf GRgE‘NW?PRHFA‘CSC'LCLRUAAQFgED NO AND DDNTADT RDTNTS 

‘ ' -CHECK DDNDDTDN DF BATTERIES 

‘ -CHECK FDR DTRT DR DNDATTDN 
YE> DN PINS DR DDNTAcT RDTNTS 

f DDwNEoAD DATA 
Z72 TNTD COMPUTING NEANS 

274 EXAMINE SFREADSNEET 
\ FDR ANDNADES 

DATA TRANSFER IS NO 
276$ FREE OF ERRORS? 

YES 

27af END 





Patent Application Publication Jun. 28, 2001 Sheet 9 0f 14 US 2001/0005695 A1 

J66 J68 

VERIFY SENSOR OPERATION 

J62 SENSOR REAL TIME DISPLAY 

354 SENSOR IDENT CURRENT VALUE ENG UNITS 
570 Z-SURGE TOE —6 (3’5 
372 X-HEAVE -I9 OS 
37 Y-SWAY O (3'5 
375 Z-SURGE HEEL —2 6'5 
575 TOE DOWN BUTT —I,576 U-STRAIN 
550 SENDING BUTT —I,5D7 U-STRAIN 
352 TIP BENDING —777 U-STRAIN 
J84 RATE SENSOR 929 DEG SEC 

386 DISPLAY RT gm? RT 358 

590 IOGGLE UNITS ENABLE SHUNT 39g 

596 QALIBRATE OBD 

39g QLOSE 

FIG. .9 



Patent Application Publication Jun. 28, 2001 Sheet 10 0f 14 US 2001/0005695 A1 

54310 
1.718 

991 

8 332 3.;4 5.56 358 
0.25 —Z.4903 -2.4809 —14.8241 
-1.5 -22.4i —7.44 237.19 —i702.54 

6 —9 —3 16 

4 7 0 

1830 
0.25 
1 25 
-5 

J€6 
025 

3 
-12 

WA DOW ######## 
JZOwSLOPE 
JZZwOFFSET: 
J24~/~ZERO coum 

_____________.____________________ 2 .M 2 x E00000000000000OOOOOOOOOOOOOOOOOOOOS? 
B 

BUTT TIP 
BEND 

0 

9999999929990:g9QJQVAUQZQ99Qd99nd799Qq999g/8 ________J|________________________ 3 
0O 24.224444.4444444444744444444444444487 8888888888888888888888888888888888 3 

408 
BUTT 

3 

4 1 oo 1.5 4 ‘it 1 40. n.5 5 

404 406 
Z ACCEL 

TOE 

2 

L ACCEL 

400 
Z ACCEL 
HEEL 

1 17.3456789012345678901234 6 23456700940111.1111:1111222222222233333$U? 
SWING SCAN 

000000000000OOOOOOOOOOOOOOOOOOOOOOQ/M 3 

FIG. 10 



Patent Application Publication Jun. 28, 2001 Sheet 11 0f 14 US 2001/0005695 A1 

FIG. 11 



Patent Application Publication Jun. 28, 2001 Sheet 12 0f 14 US 2001/0005695 A1 

com \ com 002 

my 52 26% $20 255 

cow _ 

NlVHiSOHQlW 



Patent Application Publication Jun. 28, 2001 Sheet 13 0f 14 US 2001/0005695 A1 

.52 N1!!! 52 T1 1 1 52 X llllll : E: E2 TIIi 

of 

/ ,/ / / ipffffov A 

m N .UNE NEQEDZ z<om 
/ / / / /. /. / / / / 

votzypmwvanw¢vzzyovoynmp 0% 6% 

/ / / %%@ 
Q xmo 211 on o2 

(s51) NOILVHB'BOQV 



Patent Application Publication Jun. 28, 2001 Sheet 14 0f 14 US 2001/0005695 A1 

// (pp 

3 6E 

com?! ccoT cowl oow| 

zomzmm MEE m<Soz< 

oovl 
(ms/533mm) NOILVLOH 

cowl com 



US 2001/0005695 A1 

INSTRUMENTED GOLF CLUB SYSTEM & 
METHOD OF USE 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation applica 
tion of US. Pat. application Ser. No. 09/310,835, ?led on 
May 12, 1999. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to golf equipment 
and, more speci?cally, to an instrumented golf club system 
having the ability to make quantitative measurements of 
speci?c mechanical or physical properties of the golf club 
during a golf sWing. Data descriptive of the measured 
properties is stored Within a memory device provided in the 
instrumented golf club. 

[0005] 2. Description of the Related Art 

[0006] Various data measuring and collecting devices and 
methods are used for analyZing a golf club during a golf 
sWing. In a similar manner, the effectiveness of a golf ball 
impact With the golf club during the golf sWing can be 
measured in terms of initial launch conditions. Such launch 
conditions include the initial velocity, launch angle, spin rate 
and spin axis of the golf ball. These launch conditions are 
determined principally by the velocity of a club head at 
impact and the loft and angle of a club face relative to the 
intended trajectory of the golf ball’s ?ight. There are tWo 
general methods for analyZing the golf club during a golf 
sWing: visual analysis and quantitative variable analysis. 

[0007] The method of analyZing a golf club during a golf 
sWing using visual analysis typically is conducted by a golf 
instructor capable of visually discerning golf sWing vari 
ables, and suggesting corrections in the golfer’s sWing to 
provide improvement. HoWever, not every golfer has ready 
access to professional golf instruction. The golfer also can 
diagnose certain sWing faults using visual analysis method 
ology employing one or more cameras to record the golfer’s 
sWing and comparing it to a model sWing. Using various 
camera angles and sloW motion play back, the actual sWing 
motion can be revieWed and altered in subsequent sWings. 

[0008] On the other hand, quantitative variable analysis 
employs sensors to directly measure various mechanical or 
physical properties of the golf club during the sWing motion. 
Sensors, such as strain gauges or accelerometers, typically 
are attached to the shaft or the golf club head. Data collected 
from these sensors then may be transferred to a signal 
processor via Wires or radio Waves, and can be presented in 
various graphical formats, including graphical and tabular 
charts. A signi?cant draWback associated With the use of 
Wires in an instrumented golf club is that the Wires can be 
very cumbersome, and can become obtrusive to the golfer 
When the golfer attempts to sWing the golf club. Several 
different approaches to analyZing a golf club or baseball bat 
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during a baseball or golf sWing using quantitative variable 
analysis are discussed in the patents listed beloW. 

[0009] For example, in US. Pat. No. 4,759,219, issued to 
Cobb et al., the speci?cation discloses a baseball bat With a 
self-contained measuring device and display. A spring 
potentiometer is used to measure centrifugal force, and an 
LED or LCD displays the measured force. HoWever, this bat 
does not contain any data storage capability. 

[0010] US. Pat. No. 5,233,544, issued to Kobayashi, 
discloses a golf club having multiple sensors, and a cable for 
transmitting data to a computer for data processing. This 
arrangement can accommodate up to 5 sensors in a cartridge 
located in the handle region of the golf club. 

[0011] US. Pat. No. 3,182,508, issued to Varju, discloses 
the use of a strain gauge in the bottom of a golf club, and a 
Wire for connecting the sensor to a data processing means 
located separate from the golf club. 

[0012] US. Pat. No. 5,694,340, issued to Kim, discloses 
the use of multiple sensors for measuring the acceleration of 
a golf club, and uses either a cable or radio transmissions to 
transfer data from the sensors to an external data processing 
means. 

[0013] US. Pat. No. 4,991,850, issued to Wilhelm, dis 
closes the use of a sensor for measuring the applied force of 
a golf sWing. The sensor data can be displayed on a 
Wrist-mounted arrangement or be doWnloaded to a computer 
via cable or radio transmission. 

[0014] US. Pat. No. 3,792,863, issued to Evans, discloses 
the use of multiple sensors, including an accelerometer and 
strain gauges, to measure torque and Hex. Data is transferred 
from the golf club to a data analysis station via FM radio 
signals, With each sensor having its oWn data transfer 
frequency. 

[0015] Thus, data transfer to an external memory device is 
a signi?cant draWback. The cumbersome nature of data 
transfer via cables or Wires affects the motion and feel of a 
golfer’s actual golf sWing. In addition, While the use of radio 
transmissions is preferable to the use of Wires or cables 
emanating from the golf club for transferring data, a trans 
mitter adds excessive Weight. The effective range of these 
Wireless instrumented golf clubs is limited by the loW poWer 
used in such embodiments, and the accuracy of the radio 
transmitted data is subject to interference or noise from other 
sources of nearby radio transmissions. 

[0016] Furthermore, in conventional systems, the receiv 
ing equipment typically must be located in close proximity 
to the radio transmitter disposed in the golf club thereby 
restricting the ?exibility and portability of using such sys 
tems. Thus, it is desirable to provide an instrumented golf 
club that approximates the Weight, balance and feel of a 
golfer’s oWn golf club, in order to ensure that the data 
collected from the instrumented golf club is applicable to the 
golfer’s actual golf sWing. It also may be desirable to 
provide additional sensors for measuring certain parameters 
of a golf sWing that have previously not been available in 
instrumented golf clubs. It further may be desirable to 
provide an ef?cient means of memory storage Within the 
instrumented golf club to enable internal data capture and 
storage until the user is ready to doWnload the data for 
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further processing. It further may be desirable to provide 
data from the instrumented golf club for golf club design. 

BRIEF SUMMARY OF THE INVENTION 

[0017] The instrumented golf club system of the present 
invention comprises an internally poWered and instrumented 
golf club With multiple sensors to measure, store, and 
provide an external display of quantitative variables of a golf 
club during a golf sWing. A distinctive feature of the 
instrumented golf club of the present invention is the use of 
a data storage memory device located Within the instru 
mented golf club. This eliminates the need to use radio 
transmission hardWare, data cables or Wires to transfer data 
to an external data processing means. This also alloWs a 
golfer to sWing the instrumented golf club Without getting 
entangled in cables or Wires, thus better alloWing the golfer 
to replicate his or her natural golf sWing. 

[0018] In a preferred embodiment, a loop memory device, 
or ring buffer memory device, is used to continuously store 
measured data. NeW data replaces older data in the ring 
buffer during each successive cycle. The use of a ring buffer 
memory device is preferable for the creation of an instru 
mented golf club that is lightWeight and free of cables or 
radio transmitters. Using a linear data capture approach, as 
taught by the prior art, Would require extensive amounts of 
memory, and Would make it very dif?cult to provide such 
memory requirements completely internal to an instru 
mented golf club. It is through the use of the ring buffer 
memory that one is able to efficiently capture the desired 
sWing data of interest, such as impact With a golf ball, and 
eliminate the need to provide internal memory to capture 
data unrelated to a golfer’s sWings. 

[0019] Furthermore, since the ring buffer memory cap 
tures only the desired sWing data of interest, data for 
multiple sWings can be stored in the memory device of the 
instrumented golf club of the present invention. This pro 
vides increased ?exibility and mobility to the user since the 
user is not required to stay Within close physical proximity 
to the external data processing means. 

[0020] Incorporating an internal poWer source for the 
instrumented golf club of the present invention is preferred 
for providing the bene?ts of ?exibility and mobility. Loca 
tion of the internal poWer source also can be used to provide 
a proper Weight balance, or sWing Weight, for the instru 
mented golf club, thereby closely approximating the golfer’s 
oWn golf club. Although the internal poWer source can be 
placed in various locations Within the instrumented golf 
club, in a preferred embodiment, a battery tube and one or 
more batteries are located Within a distal end region, or grip 
region, of the shaft. This location serves the dual purpose of 
balancing the Weight of the instrumented golf club and 
providing ready access to the batteries for testing or replace 
ment. 

[0021] Furthermore, the rotation rate about a prede?ned 
coordinate system of any desired point on or inside the 
instrumented golf club can be measured directly by an 
angular rate sensor. Use of an angular rate sensor provides 
accurate data for measuring the speci?c rotation rate of an 
instrumented golf club. In the prior art, instrumented golf 
clubs used a combination of sensors to formulate an indirect 
measurement of rotation rate, Which resulted in imprecise 
measurements. Thus, due to the importance of accurately 
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measuring this particular sWing variable, it is desirable to 
provide a means of capturing accurate angular rotation rate 
data. 

[0022] The instrumented golf club system of the present 
invention further comprises an external data processing 
means and an interface means to provide communication 
betWeen the instrumented golf club and the external data 
processing means, or computing means. Quantitative sWing 
data can be captured, transferred to the processing means, 
and then presented in any number of graphical, tabular or 
other visual formats to provide a golfer With meaningful 
feedback regarding the dynamics of a golf sWing. 

[0023] In addition, the instrumented golf club system of 
the present invention can be used as a design tool for golf 
clubs including investigation of such variables as club head 
geometry, shaft dynamics, structural material behavior and 
type and location of Weighting materials. As an example, the 
effect of different club head Weighting locations can be 
measured for a Wide range of golf sWings to provide 
improved performance Within this range of sWings. 

[0024] Accordingly, it is an object of the present invention 
to provide an instrumented golf club capable of measuring 
and storing data Within the instrumented golf club Without 
the use of an intermediate conduit such as external data 

transfer cables, Wires or radio transmissions, thereby alloW 
ing greater ?exibility and mobility to a user of the instru 
mented golf club. 

[0025] It is another object of the present invention to 
provide an instrumented golf club having an internal poWer 
supply and an internal data storage memory device, thereby 
alloWing for the measurement and storage of data from 
multiple golf sWings. 
[0026] A further object of the present invention is to 
provide an instrumented golf club having similar Weight and 
balance features to those of a standard golf club, thereby 
alloWing a golfer to take a more natural sWing resulting in 
more useful feedback regarding the golfer’s actual sWing 
characteristics. 

[0027] Another object of the present invention is to pro 
vide an instrumented golf club With an angular rate sensor to 
directly measure rotation rate, thereby establishing the rota 
tion rate data for any predetermined mounting location of 
the angular rate sensor. 

[0028] A further object of the present invention is to 
provide an instrumented golf club system for analysis of a 
golfer’s sWing to develop an appropriate golf club for the 
golfer. 
[0029] Having brie?y described the present invention, the 
above and further objects, features and advantages thereof 
Will be recogniZed by those skilled in the pertinent art from 
the folloWing detailed description of the invention When 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0030] FIG. 1 is a perspective vieW of an instrumented 
golf club system in accordance With an embodiment of the 
present invention comprising an instrumented golf club, an 
associated interface cradle and an external computing 
means. 
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[0031] FIG. 2 is a toe perspective vieW of an instrumented 
golf club head in accordance With an embodiment of the 
present invention illustrating a predetermined XYZ coordi 
nate system. 

[0032] FIG. 2A is an illustration of shaft bending planes 
of the instrumented golf club in accordance With an embodi 
ment of the present invention. 

[0033] FIG. 3 is a bottom perspective vieW of the instru 
mented golf club head in accordance With an embodiment of 
the present invention. 

[0034] FIG. 4 is a vieW of a segment of the instrumented 
golf club, as de?ned by the area IV-IV in FIG. 1, and shoWs 
2 orthogonally positioned strain gauge sensors on a front 
surface and 2 orthogonally positioned strain gauge sensors 
in phantom on a back surface. 

[0035] FIG. 5 is a perspective cut-aWay vieW of the 
instrumented golf club in accordance With an embodiment of 
the present invention shoWing a plurality of circuit boards in 
the golf club head, and a cut-aWay vieW of the grip region. 

[0036] FIG. 6 is an exploded perspective vieW of the 
circuit boards of FIG. 5. 

[0037] FIG. 7 (7A, 7B and 7C) shoWs a How chart 
illustrating the operational steps of the instrumented golf 
club system in accordance With an embodiment of the 
present invention. 

[0038] FIG. 8 is a sample test interface screen. 

[0039] FIG. 9 is a sample sensor screen. 

[0040] FIG. 10 displays sample initial values for all 
sensors. 

[0041] FIG. 11 displays sample sensor values during a 
typical golf sWing and ball impact. 

[0042] FIG. 12 is a graphical presentation of strain gauge 
sensor data recorded during a typical golf sWing. 

[0043] FIG. 13 is a graphical presentation of acceleration 
sensor data recorded during a typical golf sWing. 

[0044] FIG. 14 is a graphical presentation of angular rate 
sensor data recorded during a typical golf sWing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] Like numbers are used throughout the detailed 
description to designate corresponding parts of the instru 
mented golf club system of the present invention. 

[0046] FIG. 1 illustrates an instrumented golf club system 
2 comprising an instrumented golf club 10, an interface 
cradle 18 and a computing or data processing means 28. The 
instrumented golf club 10 comprises a grip 12, a shaft 14, a 
club head 16 and a plurality of sensors 62, 64, 66, 68, 98, 
102104, 124, 126, 128 and 130 (as shoWn in FIGS. 4 and 
5) and as further described beloW. Data measured by the 
sensors 62, 64, 66, 68, 98, 102, 104, 124, 126, 128 and 130 
is transferred from the instrumented golf club 10 to the 
computing means 28 via the interface cradle 18. A ?rst pin 
20 and a second pin 22 provide positive and negative 
external poWer to the instrumented golf club 10 to prevent 
depletion of the internal poWer supply (discussed in further 
detail beloW) in the instrumented golf club 10. Athird pin 24 
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provides a data path from the data processing means 28 to 
the instrumented golf club 10. A fourth pin 26 provides a 
data path from the instrumented golf club 10 to the data 
processing means 28. 

[0047] In a preferred embodiment, the club head 16 is 
made of titanium and alone Weighs approximately 157 
grams, as compared to a standard Weight club head that 
Weighs betWeen 195-200 grams. The club head 16 of the 
present invention is preferably lighter in Weight than stan 
dard club heads to compensate for the Weight contribution of 
the circuitry and electronic elements arranged inside the club 
head 16. Thus, the club head 16, When combined With the 
circuitry and electronic elements, should approximate the 
Weight of a standard club head. 

[0048] FIG. 2 is a top perspective vieW of the club head 
16, comprising a top 30, a heel region 32, a face 34, a toe 
region 36, a rear region 38 and a ribbon 40. A ?rst contact 
point 42, a second contact point 44, a third contact point 46 
and a fourth contact point 48 are located Within the ribbon 
40 in the toe region 36, and are designed to interface With the 
pins 20, 22, 24 and 26, respectively, of the interface cradle 
18. A right-hand coordinate system is used, and is illustrated 
by the designation of the X, Y and Z axes in FIG. 2. The X 
axis is oriented vertically (at address position) from a 
soleplate 54 (as shoWn in FIG. 3) to the top 30 of the club 
head 16. The Y axis is oriented horiZontally (at address 
position) from the toe region 36 to the heel region 32. The 
Z axis is oriented horiZontally (at address position) from the 
face 34 to the rear region 38. 

[0049] FIG. 2A is an illustration shoWing a ?rst bending 
plane 49, and a second bending plane 51, Wherein, the 
central axis of the shaft 14 (not shoWn) de?nes the inter 
section line of the ?rst bending plane 49, and the second 
bending plane 51. The ?rst bending plane 49 is aligned With 
the face 34 of the club head 16, and the second bending 
plane 51 is at a 90° angle, or orthogonal, to the ?rst bending 
plane 49. 

[0050] As shoWn in FIG. 3, the club head 16 has an inlet 
50 leading to the interior of the club head 16. The club head 
also has a bore 52 for receiving the shaft 14 (not shoWn), and 
the soleplate 54. The soleplate 54 is secured to the club head 
16 via a ?rst screW 56, a second screW 58 and a third screW 
60. 

[0051] FIG. 4 is a vieW of a segment of the instrumented 
golf club, as de?ned by the area IV-IV in FIG. 1, and shoWs 
a ?rst strain gauge 62, a second strain gauge 64, a third strain 
gauge 66 (in phantom) and a fourth strain gauge 68 (in 
phantom), all arranged at 90° intervals around the shaft 14. 
The ?rst strain gauge 62 contains a ?rst Wire 70, a second 
Wire 72 and a third Wire 74. The second strain gauge 64 
contains a fourth Wire 76 (in phantom), and a ?fth Wire 78 
(in phantom). The third strain gauge 66 (in phantom), 
contains a sixth Wire 80 (in phantom) and the ?rst Wire 70 
from the ?rst strain gauge 62. The fourth strain gauge 68 (in 
phantom), contains a seventh Wire 82 (in phantom), an 
eighth Wire 84 (in phantom) and the ?fth Wire 78 from the 
second strain gauge 64. The second strain gauge 64, in 
conjunction With the fourth strain gauge 68, act in unison to 
measure the ?exure of the shaft 14 in the ?rst bending plane 
49 (as shoWn in FIG. 2A). Similarly, the ?rst strain gauge 
62, in conjunction With the third strain gauge 66, act in 
unison to measure the ?exure of the shaft 14 in the second 
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bending plane 51, Which is orthogonal to the ?rst bending 
plane 49 (as shoWn in FIG. 2A). 
[0052] FIG. 5 is a perspective cut-aWay vieW of the 
instrumented golf club 10, shoWing a cut-aWay vieW of the 
club head 16 and a cut-aWay vieW of the grip 12 region of 
the shaft 14. The shaft 14 has an opening at a distal end 86. 
Acap 88 is used to cover a battery tube 90 located Within the 
shaft 14. In a preferred embodiment, the battery tube 90 
contains a ?rst battery 92, a second battery 94 and a third 
battery 96. The batteries 92, 94 and 96 provide internal 
poWer for the instrumented golf club 10. 

[0053] An angular rate sensor 98 is located proXimate the 
battery tube 90, and provides a direct measurement of the 
rotation rate of the grip area of the shaft 14. In a preferred 
embodiment, the angular rate sensor 98 is manufactured by 
CrossboW Technologies, Inc., of San Jose, Calif., model 
number CGXSOOMI. Data measured by the angular rate 
sensor 98 is transmitted to an internal memory device of the 
club head 16 via an ARS (Angular Rate Sensor) Wire 100. 

[0054] A ?fth strain gauge 102 and a siXth strain gauge 
104, located 180° apart on the shaft 14, are shoWn near the 
club head 16. The ?fth strain gauge 102 contains a ninth Wire 
106, a tenth Wire 108 and an eleventh Wire 110. The siXth 
strain gauge 104 contains a tWelfth Wire 112 and the ninth 
Wire 106. The ninth Wire 106 is common to both the ?fth 
strain gauge 102 and the siXth strain gauge 104. The ?fth 
strain gauge 102, in conjunction With the siXth strain gauge 
104, act in unison to measure the ?eXure of the shaft 14 in 
the ?rst bending plane 49. The Wires 72, 74 and 80 carry 
signals from the ?rst strain gauge 62 and the third strain 
gauge 66 to a strain gauge conditioning board 122 Within the 
club head 16. The Wires 76, 82 and 84 carry signals from the 
second strain gauge 64 and the fourth strain gauge 68 to the 
strain gauge conditioning board 122 Within the club head 16. 
The Wires 108, 110 and 112 carry signals from the ?fth strain 
gauge 102 and the siXth strain gauge 104 to the strain gauge 
conditioning board 122 Within the clubhead 16. 

[0055] A thin layer of a ?eXible polymer (not illustrated), 
such as epoXy, is used to bond the Wires to the shaft 14 While 
retaining pliability for ?eXing of the shaft 14. In a preferred 
embodiment, the Wires from the sensors in the grip 12 region 
of the instrumented golf club 10 are routed doWn the length 
of the shaft 14 on a side of the shaft 14 facing a user When 
the instrumented golf club 10 is at golf ball address position 
(not shoWn). This is a preferred location for the routing of 
the Wires on the shaft 14 since this region of the shaft 14 
experiences loWer stresses than the other regions of the shaft 
14, and thus, may eliminate the need to use more expensive 
?eXible Wiring circuitry. The Wires 72, 74, 76, 80, 82, 84, 
108, 110 and 112 are draWn together to form a bundle Wire 
114 to enter the club head 16 via the inlet 50. The interior of 
the club head 16 contains an acceleration board 116, a 
processor board 118, a poWer board 120 and the strain gauge 
conditioning board 122. 

[0056] An insulation material is used to ensure the lon 
gevity of the circuitry and electronic elements during 
repeated impacts With golf balls. In a preferred embodiment, 
urethane injectable foam (not illustrated) is placed around 
the inside of the club head 16 to act as a shock absorber. The 
urethane foam, along With a glass ?lled epoXy (not illus 
trated), act as a rigid support betWeen the accelerometer 
board 116, the processor board 118, the poWer board 120 and 
the strain gauge conditioning board 122. 
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[0057] The accelerometer board 116 contains a ?rst accel 
erometer 124, a second accelerometer 126, a third acceler 
ometer 128 and a fourth accelerometer 130. The accelerom 
eters 124, 126, 128 and 130 measure acceleration of the club 
head 16 in the direction of the three principal aXes X, Y and 
Z (as shoWn in FIG. 2). Note that the Wires 72, 74, 76, 80, 
82, 84, 108, 110 and 112 are directed to the strain gauge 
conditioning board 122. The ARS Wire 100, Wire from 
battery tube 90, and plurality of Wires from the contact 
points 42, 44, 46 and 48 are directed to the poWer board 120. 

[0058] As shoWn in FIG. 6, the accelerometers 124, 126, 
128 and 130 are disposed on the accelerometer board 116. 
The ?rst accelerometer 124 measures the acceleration of the 
toe region 36 of the club head 16 along the Z aXis. The fourth 
accelerometer 130 measures the acceleration of the heel 
region 32 of the club head 16 in the Z aXis. The second 
accelerometer 126 and the third accelerometer 128 measure 
acceleration of the club head 16 in the X and Y aXes (as 
shoWn in FIG. 2), respectively. 

[0059] The processor board 118 comprises an analog to 
digital converter 132, a ring buffer memory 134, a main 
microprocessor 136 and a secondary microprocessor 138. 
The ring buffer memory 134 can comprise multiple seg 
ments, each acting as an individual ring buffer memory 134 
The ring buffer memory 134 records data in a loop con?gu 
ration. More precisely, data is continually recorded While 
traversing the loop, and the oldest data Will continually be 
replaced With the neWest data. Such data recording is 
analogous to a clock, Where a second hand records and 
deposits data on its path around the clock face. If the start of 
data recording is 12 o’clock, and the second hand has made 
a full circle and returns to 12 o’clock, old data at the 12 
o’clock position Will be replaced by neW data. The poWer 
board 120 comprises a voltage distributor 140 to provide 
proper voltage to all of the circuitry and electronic elements 
of the instrumented golf club 10. 

[0060] The strain gauge conditioning board 122 comprises 
a ?rst strain gauge circuit 142, a second strain gauge circuit 
144 and a third strain gauge circuit 146. The ?rst strain 
gauge circuit 142 functions as a Wheatstone bridge, and 
receives signals from the ?rst strain gauge 62 (as shoWn in 
FIG. 4) and the third strain gauge 66 (as shoWn in phantom 
in FIG. 4), via the associated Wires 72, 74 and 80. The 
resultant product from the ?rst strain gauge circuit 142 is a 
measure of ?eXure of the shaft 14 in the second bending 
plane 51, at the location of the ?rst and the third strain gauge 
62 and 66. The second strain gauge circuit 144 is another 
Wheatstone bridge, and functions in a manner similar to the 
?rst strain gauge circuit 142, but receives signals from the 
second strain gauge 64 (as shoWn in FIG. 4) and the fourth 
strain gauge 68 (as shoWn in phantom in FIG. 4), via the 
associated Wires 76, 82 and 84. The resultant product from 
the second strain gauge circuit 144 is a measure of the 
?eXure of the shaft 14 in the ?rst bending plane 49 at the 
location of the second and the fourth strain gauges 64 and 
68. The third strain gauge circuit 146 also functions as a 
Wheatstone bridge, but receives signals from the ?fth strain 
gauge 102 (as shoWn in FIG. 5) and the siXth strain gauge 
104 (as shoWn in phantom in FIG. 5), via the associated 
Wires 108, 110 and 112. The resultant product from the third 
strain gauge circuit 146 is a measure of the ?eXure of the 
shaft 14 in the ?rst bending plane 49, at the location of the 
?fth and the siXth strain gauges 102 and 104. 
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DETAILED DESCRIPTION OF A PREFERRED 
OPERATION 

[0061] FIG. 7 is a How chart illustrating the steps of 
operation of the instrumented golf system (as shoWn in FIG. 
1) of the present invention, starting at step 200. The entire 
?oW chart is shoWn in three segments, FIGS. 7A, 7B and 
7C. AsWing analysis softWare program accessible Within the 
computing or data processing means 28 is opened at step 202 
to con?rm the ready status of the program. If the program is 
not responding, at step 204 the program may be re-opened 
or the computing means 28 may be re-booted. 

[0062] At step 206, the instrumented golf club 10 is placed 
into the interface cradle 18. The ?rst, second, third and 
fourth pins 20, 22, 24 and 26 of the interface cradle I 8 are 
aligned With the ?rst, second, third and fourth contact points 
42, 44, 46 and 48, respectively, of the club head 16. At step 
208, an inquiry is made concerning the proper connection 
betWeen the club head 16 and the interface cradle 18. The 
connection is con?rmed by illumination of a green light on 
the interface cradle 18. If this light is not illuminated, 
various actions can be utiliZed at step 210 to correct the 
problem and establish a proper connection. 

[0063] At step 210, possible solutions include the folloW 
ing: checking the alignment of the ?rst, second, third and 
fourth pins, 20, 22, 24 and 26 With the ?rst, second, third and 
fourth contact points 42, 44, 46 and 48 on the club head 16; 
checking the condition of the ?rst, second and third batteries 
92, 94 and 96; checking the cycle poWer by removing the 
?rst, second and third batteries 92, 94 and 96 from the 
battery tube 90 for at least 5 seconds; and checking for and 
removing dirt or oxidation on ?rst, second, third and fourth 
pins 20, 22, 24 and 26, and/or ?rst, second, third and fourth 
contact points 42, 44, 46 and 48. 

[0064] At step 212, a test interface screen (as shoWn in 
FIG. 8) is opened to verify that the computing means 28 is 
in communication With the instrumented golf club 10 at step 
214. At step 216, if no communication is established, the 
folloWing may be performed: checking the ?rst, second and 
third batteries 92, 94 and 96; checking the connection 
betWeen the interface cradle 18 and the computing means 
28; and, checking cycle poWer by removing the ?rst, second, 
and third batteries 92, 94 and 96 from the battery tube 90 for 
at least 5 seconds. At step 218, initialiZation is commenced 
for the ?rst, second, third, fourth, ?fth and siXth strain 
gauges 62, 64, 66, 68, 102 and 104, respectively, the angular 
rate sensor 98, and the ?rst, second, third and fourth accel 
erometers, 124, 126, 128 and 130. At step 218, clearing of 
the ring buffer memory 134 is also performed. 

[0065] At step 220, the opening and veri?cation of the 
sensor screen (as shoWn in FIG. 9) is performed. At step 
222, testing of the dynamic operation of the instrumented 
golf club 10 is performed. At step 224, an inquiry is made 
concerning the function of the ?rst, second, third, fourth, 
?fth and siXth strain gauges 62, 64, 66, 68, 102 and 104. At 
step 226, if the strain gauges are not operating correctly, the 
folloWing is conducted: checking the Wires 72, 74, 76, 80, 
82, 84, 108, 110 and 112 at the strain gauge conditioning 
board 122; checking the Wires 70, 72 and 74 at the ?rst strain 
gauge 62; checking the Wires 76 and 78 of the second strain 
gauge 64; checking the Wires 70 and 80 of the third strain 
gauge 66; checking the Wires 78, 82 and 84 of the fourth 
strain gauge 68; checking the Wires 106, 108 and 110 of the 
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?fth strain gauge 102; checking the Wires 106 and 112 of the 
siXth strain gauge 104; checking the ?rst, second and third 
strain gauge circuits 142, 144 and 146; and checking the 
?rst, second, third, fourth, ?fth and siXth strain gauges 62, 
64, 66, 68, 102 and 104. At step 228, Zeroes and shunt 
calibration are veri?ed for the ?rst, second, third, fourth, 
?fth and siXth strain gauges, 62, 64, 66, 68, 102 and 104, 
respectively, by manually bending the shaft 14 and moni 
toring data on the veri?cation screen (as shoWn in FIG. 9). 

[0066] In FIG. 7B, at step 230, operation of ?rst, second, 
third and fourth accelerometers 124, 126, 128 and 130 is 
veri?ed. At step 232, if any of the accelerometers are not 
operating correctly, the accelerometer board 116 is placed on 
an oscilloscope. At step 234, Zeroes for ?rst, second, third 
and fourth accelerometers 124, 126, 128 and 130, respect 
fully, are veri?ed by manually inverting the interface cradle 
18, and noting values on the sensor screen (as shoWn in FIG. 
9). At step 236, operation of the angular rate sensor 98 is 
veri?ed. At step 240, if the angular rate sensor 98 is not 
operating correctly, the ARS Wire 100 connection With the 
angular rate sensor 98 and connection at the poWer board 
120 is investigated for proper connection. If the angular rate 
sensor is operating correctly, then at step 238, the initial 
value for the angular rate sensor 98 is veri?ed by manually 
rotating the interface cradle 18 and noting values on the 
sensor screen (as shoWn in FIG. 9). 

[0067] At step 242, an inquiry is made concerning 
removal of the instrumented golf club 10 from the interface 
cradle 18. If the ansWer to the inquiry is no, then one 
proceeds to step 248. HoWever, if the ansWer to the inquiry 
is yes, then at step 244, an inquiry is made concerning the 
removal of any of the ?rst, second or third batteries 92, 94 
or 96 from the club 10 for troubleshooting. If the ansWer to 
the inquiry is yes, then at step 246 neW batteries are inserted 
and one returns to step 206. If the ?rst, second and third 
batteries 92, 94 and 96 have remained Within the battery tube 
90, and are providing constant poWer to the instrumented 
golf club 10, then at step 248 the instrumented golf club 10 
is removed from the interface cradle 18. 

[0068] At this point, the instrumented golf club 10 of the 
instrumented golf club system 2 sWitches from eXternal 
poWer to internal poWer supplied by the batteries 92, 94 and 
96, and the ring buffer memory 134 starts recording data (as 
shoWn in FIG. 10). The instrumented golf club 10 can 
record data and maintain internal poWer for approximately 2 
hours before it should be returned to the interface cradle 18. 

[0069] At step 250, the golfer then takes a normal sWing 
to hit a golf ball. At step 252, if the data from the ?rst or 
fourth accelerometer 124 or 130, respectively, is above a 250 
g (acceleration due to gravity) threshold, then at step 254 the 
ring buffer memory 134 records a data block. This also is 
referred to as an impact threshold triggering event. In a 
preferred embodiment of the present invention, the ring 
buffer memory 134 can record up to eight golf sWings and 
store the corresponding data for these eight golf sWings in 
the data block 150, not shoWn. The instrumented golf club 
system 2 may be con?gured such that the ring buffer 
memory 134 Will not record over the eXisting data block 150 
if the golfer takes more than eight sWings. 

[0070] In a preferred embodiment, the duration of the data 
block 150 should be suf?cient to include a backsWing 
initiation point 152, a backsWing phase 154, a doWnsWing 










