WD 00/ 71211 PCT/ US00/ 13868 10 NOV 2003 METHOD AND APPARATUS FOR LOCATI NG
AND ALI GNI NG GOLF CLUB SHAFT SPI NE Background of the Invention This
inventio to locating and 5 aligning the spine of b
shaft. %n%ﬂgg,??ﬁcul arly, this invention relates to a net ho%'[gﬁgfm?ﬁgar at us
for automatically and reliably identifying the |ocation of the spl Ad0¥f2063
golf club shaft and for aligning the spine in a desired orientation. 10
When a golfer swings a golf club, the shaft of the golf club bends or

twi sts, especially during the downswi ng. The direction the shaft bends or
twists is dependent on how the golfer |oads or accelerates the club, but
the bending or twsting direction and 15 nagnitude al so are dependent on
the stiffness of the shaft.. If a shaft is soft, it will bend or tw st
-.nmore during a given downswing than if it is stiff. Additionally if a
shaft exhibits different transverse stiffness in different planes -- i.e..
the stiffness, 20 roundness and strai ghtness of the shaft are nor-
.symmetric -- the shaft will bend or twist differently depending upon in
whi ch plane (direction) it is |oaded. timediately prior to the inpact of
the head of a golf club with a golf ball. the shaft of the golf 25 club
goes through significant vibratory novenents in both the toe up/down
direction (plane perpendicular to the hit direction) and in the |ead/lag
direction (plane WO 00/ 71211 PCT/ US00/ 13868 10 NOV 2003 -2- parallel to the
hit direction). Research has s% §I1 gf I%%ub vi brates up
and down in the toe up/down dkgé%ipﬁﬁ)h %{ @;EP lﬁrﬁf i npact with the
golf ball. This up and down novenent, Qnomm as vertical deflection" or
"droop." can be as |arge as

Backeround of the Invention

This invention relates to locating and
5 aligning the spine of a golf club shaft. More
particularly, this invention relates to a method and
apparatus for automatically and reliably identifying
the location of the spine of a golf club shaft and for
aligning the spine in a desired orientation.

10 When a golfer swings a golf club, the shaft
of the golf club bends or twists, especially during the
downswing. The direction the shaft bends or twists is
dependent on how the golfer loads or accelerates the
club, but the bending or twisting direction and

15 magnitude also are dependent on the stiffness of the
shaft. If a shaft is soft, it will bend or twist more
during a given downswing than if it is stiff.
Additionally if a shaft exhibits different transverse
stiffness in different planes -- i.e., the stiffness.

20 roundness and straightness of the shaft are not
symmetric -- the shaft will bend or twist differently
depending upon in which plane (directicn) it is loaded.

Immediately prior to the impact of the head
of a golf club with a golf ball, the shaft of the golf

25 club goes through significant vibratory movements in
both the toe up/down direction (plane perpendicular to

the hit direction) and in the lead/lag direction {(plane



t1.5 inch (3.8 cm. Because any inconsistent bending or tw sting due to
asymetric shaft behavior imediately prior to inpact is substantially
i'mpossi bl avotwri2the golfer to correct with his or her sw ng’l’c?‘ﬂ}éo&%sﬁ
reduction in vertical deflection or droop immediately prior tol rrpac% wil |
hel p the golfer inprove his or her inpact repeatability. This is irue for
golfers of all skill levels. Inconsistent bending or tw sting mak 8 NGy 2003
more difficult for the golfer to reproduce the 15 downsw ng shaft bending
or twisting fromclub to club, thereby resufting in | ess consistent inpact
repeatability wt hirnltEQemse% In %ddi tion, a gol f club, immediately prior

& 1f 1i ok

to inpact, "sprihgst ¥orwardci it A& TTER of2 e 20 skRt ThFhis i s

comonl y ref erreghefr af & E@1fkilk" vobrateheurs Baf tdowhf i trneScossi bl e to

anal yze and oriegt /@&wshafl L0 a .so.that the kick direction of
vibration is stable, t hlﬂfse Ehg?t m}é%%s!}atstleéﬁ R Gl d°F APPave “the 6l fer' s

ability to repeag°théalpadhiposi enordonnt fovepent 25nbad las | n ot her words t he

shaft woul d hgve-lessicai @ribendgncy. ta hob' xand_ down i nmedi ately prior

to inpact thereby inproving inpact repeatability. ThcGnerstent bending or

i
twisting contri bﬁ%/e% ingh overfdit s Bfcabpe asyubndroadstednat bawing not be

present 30 if tbe whatindade heep=prthect |MsymmLLiG CGolf club shaft
manuf act urers att_er’g)t, to build shafts with symretric stiffness to mnim ze

i nconsi st ent bendTHG BF% RF i A HIRACAgiT Febewweal uempessabiesul t of

manuf acturing |i fivt atheopsl fet 4 cli-fddCubth hesiH hdr awddgpesfectly symretric
golf club shgft. i,ficall dt, is.well known that, as a result of
irregul ariti gés olrpé%%%ﬁ'gél&vgrlﬁﬁﬁi} l%%&ﬁcfﬂﬁﬂ S0GT°10 TWFFF3y2001 - 3 .‘
vari ations i n naperraks ioparmrdfacialr nige pootessesrovegbhié &l wbr shafts have

a grSSf ggzed aNgUL @facer F§RLALE Ay OF Thili N, $88 o 8-is 1t Sy, Patents Nos.

skill levels. Inconsistent bending or Twisting makes
it more difficult for the golfer to reproduce the

15 downswing shaft bending or twisting from club to club,
thereby resulting in less consistent impact
repeatability within the set.

In addition, a golf club. immediately prior

To impact, "springs” forward in the direction of the

20 shot. This is commonly referred to as the “kick" of
the shaft. If it is possible to analyze and orient a
shaft in a way so that the kick direction of vibration
is stable. this shaft position would improve the .
golfer’s ability to repeat the impact position with the

25 ball. In other words the shaft would have less of a
tendency to "bob” up and down immediately prior to
impact thereby improving impact repeatability.

Inconsistent bending or twisting contributes

Tto movements of the club head that would not be present

30 if the shaft had been perfectly symmetric. Golf club
shaft manufacturers attempt to build shafts with
symmetric stiffness to minimize inconsistent bending or
twisting during the swing., but as a result of
manufacturing limitations it is difficult to build a

35 perfectly symmetric golf club shafrt. Specifically. it

is well known that. as a resul% of irregularities or



and 5, 040, 279, which are hereby incorporated by@ eference in their
entireties.) Therefore, substantially all golf ¢b S ft"s’}e,xfy’e:ié

~‘degree of asymmetry which results in some degree of inconsisternt tég?ng
or twisting during the swing. The asymetric stiffness of golf club

10 can result from nonsymetrical cross sections Pﬁqﬂgﬁ \Am:)zg, égﬁ]ﬁm s
sections are not round or whose wall thicknesses are not uni -‘P@N) Bhits
that are not straight, or shafts whose material properties vary “around
the circunference of the shaft cross sectipn. 15 Because it is
substantially inpossible to build a perfectly symetric golf club shaft

and the objectiye .S £Q T lze;LACORSI fhaneles.f1om slub.Lo.club in a
golf club set and fromset to set wthin a brand, it “nmakes sense, if

possi bl e, to agilzeledclkhgdlcr EPYE 20PSRAPTTPA angelabfogbeRtatiMs to
understand its casypRid i"C herdi ng . gr  tvistingcbghavies andosonsi4 uct the
golf clubs in the set to Xi mze consistency from club to club within a
Set and from s@d & S0 A'thi K" &<PbPARARe5E5V *RE8 BRER-TRcBYni zed -- e.g.,
i n above- | mconpdateetParenthells. ebr046r249.3- Thatefibtdough substantially
all golf club shafts Qi t ree._of. asymmetry., . subpstant i ever
gol f club shaf tsu%es>t<tha|rﬁ)gl(ltq’é-Lll t aliggg‘toqﬁggbﬂrai glﬁtag}t!lsoﬁx?%b\l/\%i %%mgvé]%%%%e 30y
shaft is cl ampe&f @&syimmetgroxivdeh, resuhardie, send arg e¢spfaced at the tip,

the resul tant vidddiQR e BReqispabl Wik Lol ggBIA-sHPStROt L@l hy. pl anar.
That is, the shaft will remain substantially in a single plane and the
tip of the shaft will viBPst @SYFERTENG FBFFﬁ“%BSS‘aBs%ﬁ]Fi% ¥y Sh¥G a i ne.
AMVENDED SHEET War0G/e&ldtl il US04 138681481 NovoR908ectdondt (sisads0
recogni zed in ahove-incorporated Patent No. 4,958, 834 Lhal.1he
construction of all gol f 3
thicknesses are not uniform), shafts that are not 1

4

straight, or shafts whose material properties vary "
around the circumference of the shaft cross section.

15 Because it is substantially impossible to build a
perfectly symmetric golf club shaft and the objective
is to minimize ihconsistencies from club to club in a
golf club set and from set to set within a brand. it
makes sense, 1f possible, to analyze each golf club

20 shaft in a set of golf clubs to understand its
asymmetric bending or twisting behavior and construct
the golf clubs in the set to maximize consistency from
club teo club within a set and from set to set within a
brand.

25 It has been recognized -- e.g.. in above-
incorporated Patent No. 5,040,279 -- that although
substantially all golf club shafts exhibit some degree
of asymmetry, substantially every golf club shaftc
exhibits at least one orientation in which, when the

30 shaft is clamped at its proximal, or handle, end and
displaced at the tip. the resultant vibration of the
shaft will remain substantially planar. That is. the
shaft will remain substantially in a single plane and
the tip of the shaft will wvibrate back and forth

35 substantially along a line.

AMENDED SHEET



clubs within a set with their respective planar oscillation planes ('POPS")
oriented in the sane 5 angular direction relative to their respective club
faces Wl L, ¥HRjt | ess inconsistency in shaft bending or twsting during
the downswi ng than a set that has been haphazardly or randBRfAS00/13868
constructed. In particular, a set of golf clubs normally will function 10
best if the respective preferred angular orientations of the re B 1%
golf club shafts are aligned in the "hit direction”™ -- i.e., substantially
perpendicularly to the respective golf clublfaces. However, heretofore
there has not been any 15 convenient autonmated way to determ ne the
preferred angul ar ori ent atlicohs ¢flsq RSN t4agbis bl -dricovpertadele  desirabl e

to be abl'e to proyide RometBed. adeARPARatdsc U ,OH KLY, apdcr el | ably

determning the preferred angular orientation of a golt clUb shaft. It

al so 20 woul d be“H&T PFABPE PoSPe YABT Ehedr picsvetfeive rEYed and  appar at us

for using the detesiliadiéopiafed hepprehesrobe@/NGULRE QRLeNtation to

aut omat i cal | y-asse | e ‘g,ol f _cl ub§ with each respective golf club shaft
consi stent |y “al Poed r SPEETIR 6 FHYS B JEELT VESERTH YEat® P 25 Summary of
the Invention 30fades gith eabjiietd 16és titicnd Rvemndy QR émnrat be&ifhg to provide a

nmet hod and appar for_quickl nd, reljably determnning the preferred
angul ar ori ent at?%ﬁ&lg o 53 ?n%ltu% CREFE "8 'td¥a|ns “afSo - ﬁtgbalsect of this
invention to atbesphapiazardly de sarrsirhpd-candrapedr atlms f or using the

det erm nation OfplRG.Risf eLr e 300UAr RWLALALLAD §o11Crdhecbfie Pl anar
oscillation plane -- to automatically asse egl‘f clubs  wth each
respective gl f B¢ {\CT0Fr 7a=FE i PERTESS07eE38E8: 1ar (orNENc20@8s- 5 shaft

consistently alignagher fbpek¥8/d Qoi AQ1LESHRGEL VE-CLULEACE the
"hit direction” -- i.e., substantially perpendicularly
To The respective gelf club faces.
However, heretofore there has not been any
15  convenient automated way To determine the preferred
angular orientation of a golf club shaft. It would be
desirable to be able to provide a method and apparatus
for quickly and reliably determining the preferred
angular orientation of a golf club shaft. It also
20 would be desirable to be able to provide a method and
apparatus for using the determination of the preferred
angular orientation to automatically assemble golf
clubs with each respective golf club shaft consistently

aligned relative to the respective club face.

25 Summary of the Invention

It is an object of this invention to attempt
to provide a method and apparatus for quickly and
reliably determining the preferred angular orientation
of a golf club shaft.

30 It is alsc an object of this invention to
attempt to provide a method and apparatus for using the
determination of the preferred angular orientation --
€.g.. the planar oscillation plane -- to automatically

assemble golf clubs with each respective golf club



I n accordance with the present invention. there is provided a nethod of
determning a preferred 5-:angular orientation of a golf club shaft about a

| ongi t udi h§ thereof, where the golf club shaft has G0 Tes €N
for gri ppfiﬁigoogﬁy 12 golfer and a distal end for attachment tapocp'; gol ?:I ub

head. According to the nethod. the proximal end of said golf 10 ﬂ]gﬁﬁ aﬂﬁft
is imobilized, and vibratory notion of the distal end of the go P
shaft is initiated in a direction other than parallel to the |ongitudinal
axis. The vibratory notion is anal yzed, an® fromthe analyzed vibratory
notion the preferred angular orientation is 15 cal culated. The golf club
shaft can then b&"%dr REBEEITF"FhAPL 3 E 1o api6F & E6° 4F§BF S V8ri entation. In
a further nethogr@caaeding to the invention, the mark on the shaft
~.indicating the preferred ag[%ul ar_qrientation can_be used to automatically
assenbl e a golf club with PRETGHIT &ftb ERACTR 2 predster mi ned
al i gnment rel at tverd ost v viided® s0fethvd ghldecetuinihgad prefppadat us f or
determining the pLeleLs ol MU oPrd 01 AlLAN <Al Igk<agsemdling gol f

ovi ded. Brie

clubs, are alsop scription of the Draw ngs The above
and ot her obj ect domgidudtivaneage ghefect hehdrryvem issh’ vk Befappar ent upon

consi deration of yfhe, Ep‘l_,,l(g,\glngncd%gi,é]lgg fgseyi PldoPer baken in conjunction
w th the acconpanyi n% drawi ngs, in i CII::I 30_li ke reference characters
refer to |ike paftEalhPBlgioutt=asAB T Wi EA1T ME> #*3% a diagramin which
a flexible golf asd@fdingScamdelmednas. anshabkib whiodr spid pgsrare
attached: WO 00n 4211 PCT/USQ/ 13968 1 0 1R, 2003, & 1o% i Bre? ShOWS the
hori zontal and v&rti &af
distal end of the golf club shaft is initiated in a
direction other than parallel to the longitudinal axis.
The vibratory motion is analyzed, and from the analyzed
vibratory motion the preferred angular orientation is
15 calculated. The golf club shaft can then be marked To
indicate the preferred angular orientation. In a
further method according to the invention, the mark on
the shaft indicating the preferred angular orientation
can be used to automatically assemble a golf club with
20 the golf club shaft in a predetermined zlignment
relative to the face of the golf club head.
Apparatus for determining the preferred

angular orientation, and for assembling golf clubs, are

also provided.

25 Brief Description of the Drawings

The above and other objects and advantages of
the invention will be apparent upon consideration of
the following detailed description, taken in
conjunction with the accompanying drawings, in which
30 1like reference characters refer to like parts
throughout, and in which:
FIG. 1 is a diagram in which a flexible golf
shaft is modeled as a shaft tc which springs are

attached;



di spl acenent, seen end-on, of the shaft of FIG | as a function of tine,
over two oscillation cyclies after an inpulse is delivered to cause the
shaft to oggjddmat/: FIG 3 shows the notion diagraned in FIG 2 as a phase
plot; FIG 4 shows the notion of the shaft as a phase plot, EFVEFO1388: een
oscillation cycles; FIG 5 shows the notion diagranmed in FIG 4. 10 but as
a function of time; FIG 6 is a perspective view of apparatus acdd¥Wh#H03 o
the present invention for determning the preferred orientation of a golf
club shaft: FIG 7 is a perspective view of & shaft 15 testing assenbly of

t he apparatus of FIG 6: Flrfgrc 8 is a persgecltive view of a shaft hol ding
and rotating assenbly of t appaQF st PoFizestal aafdverTiEE G 9 i s a

perspective vi ewdabpBadm@asts @gemtend26h assentd ¥nof Lherapparat uys of FIGS.
6-8: FIG 10 is g Fers&eggit\/_e view of a ti{) mass and sensor assenbly of
the apparatus of FI'GS. 6-9: " FFG°VEI T'¥ 8501 ¥R-PhiPatet ¢TFeGan7 with a

gol f club shaft roowisd ibrddlheemppas atause e Eh&Fe 12 dsiamzend el evati onal
view, taken fsromline 12-12.0f;ElG but. with the golf_club shaft
deflected in preparation for bscisrl%a? il%’ﬁ "AcEor E'I%a’f'eii’gtlﬁepq%vénti on; FIG
13 i s perspectiv&s\® ka6t RUSE: apparatus 30 of FIGS. 6-10 with a marking

assenbly included; FIG 14rig. a thow diagram.ef,@ prefierred _enbodiment of
a nmet hod accordi nﬁ to the invention for |location the preferrfed orientation

of a golf club ER&% PoW028877 fo4T=orTresS302183868yAEsNOV 2003 - 7 FIG 15

is a flow diagram of a | oad1test shpas ok A 185 COLIEAGL 9,tHg i Qvention as

part of the 10 but as a function of time:

FIG. 6 is a perspective view of apparatus
according te the present invention for determining the
preferred orientation of a golf club shaft:

FIG. 7 is a perspective view of a shaft

15 testing assembly of the apparatus of FIG. 6:

FIG. 8 is a perspective view of a shaft
holding and rotating assembly of the apparatus of
FIGS. 6 and 7;

FIG. 9 is a perspective view of a measurement

20 assembly of the apparatus of FIGS. 6-8:

FIG. 10 is a perspective view of a Tip mass
and sensor assembly of the apparatus of FIGS. 6-9:

FIG. 11 is a view similar to FIG. 7 with a
golf club shaft mounted in the apparatus;

25 FIG. 12 is an end elevational view, taken i
from line 12-12 of FIG. 11, but with the golf club |
shaft deflected in preparation for oscillation
according to the invention;

FIG. 13 is perspective view of the apparatus

30 of FIGS. 6-10 with a marking assembly included;

FIG. 14 is a flow diagram of a preferred
embodiment of a methed according to the invention for

location the preferred orientation of a golf club

shafzt;



method of FIG 14: FIG 16 is a flow diagramof a "logo up" 5 comparison
test perforned according to the invention as part of the nethod of FIG
14; FIG i | ow di agram of a planar oscillation plan i t est
per f or rredjvgl%go(?? |;ng to the invention as part of the net hodp((:)-tlﬂ%:’%m 10
FIG 18 is a diagrammatic view of apparatus according to the invention for
assenbling golf clubs; and FIG 19 is a close-up view of an assen®hIWNOV 7003
station of the apparatus of FIG 18. 15 Detailed Description of the
Invention If a golf club shaft is inmobilized-at its handle end and
di splaced in a direction perpendicular_to its |longitudinal axis, then if
the di splacenent directiodFies A ¥ HEoPIHREGF2HSE 7 1 PO TH ane of the 20
shaft, the shaft pahfdrmébbicioeding thathephanacass asvpemedr and on, the distal
~tip of the shaft w |l O%C'M atg_ back and forth along a line. For

conveni ence, t haf"®Fi9tk °ta referred to as the x-axis. However, if the
di spl acenent direction is ifFiGa @ amea gibercikhasm toliea 2bgpl@iar oscill ation
“plane, the digtal tip.qf, the shafd . LL vIhrate in.ayolion having
conponent s al Ong e XTaxisS ds welf-as a ong-an axis perpendicular to the
X-axis, which foracomfenhemeehehrfbelGefeérred to as the y-axis. This
notion could be described gggam7 QLbi taly SQ.70f .en. Alhhough rather than
tracing a single ellipse or other closed curve, the tip will nove within
an envel ope sucksSeRHdRTiPH FERRS FOERBH ENBETd PABICTTSAPGRF9it8asCit in reality
does), the tip evgatuypkhyioubbaRVEr dhBrautghd @reFyc paisnt within that
envel ope. WD Q0/ 71211 PCT/ ﬁfgo 3868 10 NOV 2003 - 8 1—AS descri bed bel ow,
by observing!Phe tip vibratPonSofSth&B8HEHFT=the 184P cAPRUIZHR

according to the invention for assembling geolf clubs;
and
FIG. 19 is a close-up view of an assembly

station of the apparatus of FI(C. 18.

15 Detailed Description of the Invention

If a golf club shaft is immobilized at its
handle end and displaced in a direction perpendicular
to its longitudinal axis, then if the displacement
direction lies in the planar oscillation plane of the

20 shaft, the shaft will vibrate in that plane and. viewed
end on., the distal tip of the shaft will oscillate back
and forth aleng a line. For convenience, that line can
be referred to as the x-axis. However, if the
displacement direction is in a plane other than the

25 planar oscillation plane, the distal tip of the shaft
will vibrate in a motion having components along the
x-axis as well as along an axis perpendicular to the
x-axis, which for convenience can be referred to as tThe
y-axis. This motion could be described as an “orbital”

30 motion, although rather than tracing a single ellipse
or other closed curve, the tip will move within an
envelope such that, if the motion would not damp out
(as it in reality does), the tip eventually would move

through every point within that envelope.



mat hematically the orientation of the planar oscillation plane or planes.
Havi ng | ocated the planar 5 oscillation plane, one can then assenble a golf

cl ub, ori&atig%t he shaft relative to the golf club head so that the
pl anar oscl %47 F3h plane is lined up along the "hit directiPOT/US00/13868.

substantially perpendicular to the hitting face of the club head. It is
al so 10 possible, having located the planar oscillation plane of]aNOYI2(03
club shaft, to align the planar oscillation plane relative to the golf
club head not along the hit direction, but. gn.another predeterm ned
direction. For exanple, it my be desirable to align the shaft for a 15
particul ar golfer to correcis aesdBe8eoa 00K Qbsérviphi-GR iy has been

observed enpirically, that 91:%9' fhar{ctl ub shaft is stiffer in one direction
al ong any planar ~0scillation prane tAEh PP F8<Fie¥he opposite direction 20

al ong that pl anamagkenrddiasllontpt aneenddiioncor respoIREsr to a stiffer side of

the planar oscillati 2 asafty, which can be referred to as the
o8l 1 P gk#'}ﬁ 9% ort B¢ > 'OS?({:?‘T1| g ?ocr?tﬁiia s PIE e

"hard" or "forward" side of the plFanar t10 the | ess

stiff side. 180 Oppbsiaract dahar ¢nsi crn than 25ebele of griredido as the "soft”

or "rear" side obridiginpl anALnACLLLALIANDIARC, 14 fias further been
observed that while orienting the planar oscilTation pl'ane ~perpendi cul ar
to the club head Fac&rsrPifyer aodidartsndPlateanat 1ioer mpr evengvheover a

haphazard or randeim 3Qratd@ament 1.al i @beealNe1 P #RALL3EL1,2LLon plane
per pendi cul ar to club head face wiith the hard side of the planar

he clt
oscillation pl an@g? g’clitﬁbnéi faf £t B® Al Mefshd Fade disengs an even furt her
i nprovenent, 1@&s powpdied Heoiag ilgpRbng: the PlaaBaroRSeiddiahi oipl ane 35
per pendi cul ar to_fkhe of the planar

oscillation plane fa&gé\gb‘?g’\% gfﬁﬁgt%ﬂaégg%\%%ﬁgg%?gl%%ﬁﬁ?ﬁgﬁm 13868 10 NOV
2003 - 9 head fBaE¥e Wblagverte ithe esadfycot heed uoti Mlaagseite ofic
direction, but in another predetermined direction. For
example, iT may be desirable To align the shaft for a
15 particular golfer to correct or induce a hook or a
slice.

It has been observed empirically that a golf
club shaft is stiffer in one direction along any planar
oscillation plane than it is in the opposite direction

20  along that planar oscillation plane. This corresponds
to a stiffer side of the planar oscillation plane of
the shaft, which can be referred to as the "hard” or
“forward" side of the planar oscillation plane, while
the less stiff side. 180° opposite the hard side. can

25 Dbe referred to as the "soft’ or "rear” side of the
planar oscillation plane. It has further been cbserved
that while orienting the planar oscillation plane
perpendicular to the club head face brings a clear and
dramatic improvement over a haphazard or random

30 alignment. aligning the planar oscillation plane
perpendicular to the club head face with the hard side
of the planar oscillation plane facing toward the club
head face brings an even further improvement., as
compared to aligning the planar oscillation plane

35 perpendicular to the club head face with the soft side

of the planar oscillation plane facing toward the club



golf clubs is simlarly aligned, there is a greater |I|ikelihood that the
user of those clubs will be able to achieve nore uniform and consi stent
results asvwsms7i2kl 5 golf clubs in the set. which can be exgeptsw/ibsssr esul t
in performance enhancenent. In addition, it has been observed enpirically
that a golf club shaft may have several planar oscillation planes
However, it has been found that 10 there is a principal planar os1c@ NOG 2003 n
pl ane ("PPOP"), which also may be referred o as the plane of uniform
repeatability ("PURE"). that corresponds to the "spine" of the golf club
shaft. Golf clubs.aligned Rased,.Qn -the. §|4&gkpﬁlubp£9%ageg%g I'lati on pl ane
can be expected 15 to result in optinmal pertornmance enhancenent. The
preferred directiBehf oflluPheiplrander lostlilebed i oheqs anez gregtes, | in the case
“of the principal 1;planabd oSGl L LB Rirfdbgset BRibsh@l A" 18I fR0f, t he spine
of the golf club shaft -- cannot be determ ned 20 mathenmatically fromnere
observation of tRE"YHAf '°T§ priforfered Grasigun R fSrEl e peteenBoli nent of the
invention, the hanfll@ueadirokné hecgoliical ¢y shabdebsed RBDRILIZed. the tip
of the shaft is di s}g)e!re}%ed erpendicular to the |ongitudinal axis, and the
_ €.

restoring force -7 ¥'e"T™E 25" H'6FC€ tending to move the tip back to its
neutral position -- is nedsuadticwbn| ett e dhaf tobbsrveat atpadica¥iiyom t he

handl e end, through at _lLeast, ahoulk 3@8. he ggg e.al _which the restoring
force is greatest |£l55 an fln iucgs'?ll on o ?%e Rar Isli%gangf t he spine of the
shaft. 30 AlthoughciHiesiemdgilenesualiPwevii| 1ithbes reyrfopreciteely with the

orientation of tRgeRS i:8CH R inPIRAE1aRSCoddiaT140RAPHARE, (idPoRt) | indicate
whi ch of the two ossi bl e orientations of the principal planar
osci | | ation pl an&"tdt PeSDSRYSLE 3ot fier WaFd a5i Bee sf2rheT 39" ¥ Aci pal pl anar

oscil l ati on pl aneepddrpovsty, (SRUREt) NGhaONBrSesidaby Sics thd 'tdpenangl e of
maxi mum [oad can be MO QP4 7141 L BET/ Us00f 13868 10, NQr,,20083 o 10
the principal planar oscillation plane can be expected
15 to result in optimal performance enhancement.

The preferred direction of the planar
oscillation plane -- i.e., in the case of the principal
planar oscillation plane, the "hard" side of the spine
of the golf club shaft -- cannot be determined

20 mathemartically from mere observation of the shaft tip.
Therefore, in a preferred embodiment of the invention,
the handle end of the golf club shaft is immobilized.
the tip of the shaft is displaced perpendicular to the
longitudinal axis, and the restoring force -- i.e.. the

25 force tending to move the tip back To its neutral
position -- is measured while the shaft is rotated,
from cthe handle end, through at least about 360°. The
angle at which the resteoring force is greatest is an
indication of the hard side of the spine of the shaft.

30  Although this angle usually will not align precisely
with the orientation of the principal planar
oscillation plane, it will indicate which of the Ttwo
possible orientations of the principal planar
oscillation plane corresponds to the hard side of the

35 principal planar oscillatrion plane. Moreover, starting

one’'s analysis at the angle of maximum load can be



expected to |l ead one to find the principal planar oscillation plane rather
than one of the other planar oscillation planes of The shaft. Although it

i s possiblveoberderi ve the 5 orientation of the planar oscil i b e
precisely wusing mathematical techni ques based on data col I%ﬁ@g&’@ &’

di splacing the shaft tip and allow ng the shaft to vibrate, it is
conputationally sinpler to derive the orientation by an iterati & NOY 2003
techni que as described 10 below. In such a technique, the starting
orientation can be selected arbitrarily, bd® preferably the starting
orientation is the angle of maximumrestoring force, determ ned as

descri bed above, STBETERI T 2629 178 T9 KéN? idBdPE Histipehelphamar oscil | ati on
plane that is 15ckeindrisn phendhattdPahaplanasr asei ddrati oifplane. Once the
preferred angul agsglrlilggt ation_ of %hg}e 90%1 club shaft has been determ ned,
a mark preferabl y°7s fade 6n° the Shdft “¥4 S ndi cate the preferred angul ar
orientation. The mark nmay Bétmage at ithgodsabnd iendefive26hd he pl anar

osci | ati on plang., feadlod Pradelermned elalive, postiion with respect to
| e

e .
the planar oscillation plane. This nark c¢an be Rede GEFHFS¥k or paint,

or can be et chedu$HteomeHemstidedceedininhes Shadd onugavegcorcharical ,

el ectrostatic orylasepiimnkine 2R.4echigues; 1 nse Lhe k_has been nade,
it can be used t%) al |Egn tnEe shaf? relt}]gti ve ;tl(? a %otlthf ?:rlrl%% fiead when

assenbl i ng a gol YiRP0H; Folt KarPYFeieprhe etwrlles tqokfid obeshaft is
substantial |y pespandhtibnaby 5. 1€dracdbe SQUBnRfRCLs dRSLERLOrientation with
respect to, Iigue 0 cl head face. The alignnment of the shaft to the club

head can be'Per PoiMed Haftet Py TSPERET alfhy, SEFFgiameRteTeTipaci litated by,
provi ding a mar kéag bensdleeted wbbheadins. bweldrerspaiyt e hosel . to which the

mar ki ng on the shaft . aligned to forma properly "spine-aligned"
gol f club, Al terné%:llsgIogég?t%%éﬁ%tlhe?ch%raél ]tia‘? rOe@dm%?fﬂ’Bgi’ff‘i?%f’."l ) 90/ 13868
| PEA/US 0 4 JUN DOBt. detet@ir@\VaP@@Scribed above, to maximize the

likelihood that the planar oscillation plane that is
15 found is the principal planar oscillation plane.

Once the preferred angular orientation of the
golf club shaft has been determined, a mark preferably
is made on the shaft to indicate the preferred angular
orientation. The mark may be made at the location of

20 the planar oscillation plane, or at a predetermined
relative position with respect to the planar
oscillation plane. This mark can be made using ink or
paint. or can be etched intoc the surface of the shaft
using mechanical, electrostatic or laser marking

25 techniques. Once the mark has been made. it can be
used to align the shaft relative to a golf club head
when assembling a golf club, so that the spine of the
golf club shaft is substantially perpendicular to, or
at some other desired orientation with respect to, the

30 club head face.

The alignment of the shaft to the club head
can be performed manually. Preferably, alignment is
facilitated by providing a marking on the club head as
well, near the hosel, to which the marking on the shaft

35 can be aligned to form a properly "spine-aligned” golf

club. Alternatively, in another preferred embodiment.



11 an assenbly machine mates a golf club head to a golf club shaft,

mat ching up the alignment markings in the proc In .t

gol f club head can be attached to the shaft mutel y@apténf%jgngrﬁ
“determ nation 5 of the preferred angul ar orient P of the shaft, with
the shaft still in the chuck of the spine |ocati gézd |og4bjg”~g2| case
the application of a visible mark to the shaft éxterior

al though it would still be useful for later repair operations when

club is disassenbled). Alternatively, in a second variant of this

enbodi nent, the shaft can be renoved frofithe spine locating station and
noved to a club assenbly station. This variant better accounts for any
speed dif f er ent Al apeeiebn a9 meUesc at BRI proekstead sAdtBlLl ub

asseg: y processiut fsitdiec smbé&ﬂlefgauwghepmegaaﬁhe ﬁﬁskﬂﬁgéhﬁﬂ the club
assenbly process. nore ub asse stations than_s ating stations
can be provi deBT°T¥5T he fc’T ’assseg%ﬁdﬁmﬁp&e’égel §°}£s$£‘rlb PRARA ?%’g $Pi ne

| ocati ng processtramhed S nehd aeatfitngmadedskatilgnafthandetabmassendst y
stations cangbe.proyl detee LILLLINGH 0288s hlak3oRT SEeLADl enbecprowige a

hopper or ot hef i ntermedi ate station for I'ng spine-aligned shafts
bet ween t he spiWes |t rmtﬂsltlatllrbﬁh@nﬁhvﬁé efubh=asBend| o3RI PHN.

Normal 'y, one wouhgs SXpect frew 22sshakhs taeﬁbecgekgnlaftgevh@peeé but if

for sonme reason there is a breakdown or ot bott | eneck it or hdownstream
of the club assBHOf yeItAT A= STETIRS, <2PhBehBPPEFCan®LEroesl uhtil it
is full, as a reser&ycitill eaaGeRFh 1S IFakt aafceem—eheispbﬁeriaﬁmm&a nghest at i on

or 30 stati The ventl nW|II QW be crib efe to
FI GS. 1-109. 9$f Fhe %‘hq'ﬂl e eér)l brl cl gg%sﬁaﬂe'gvmi f‘érr%e%g{g‘%ﬁ% cl anp

t hat hol ds the *shaiaban:rf z@msaldnybod%nttheﬁhboekeﬁg tonabt THEOYEPH of the

distal end of thgsphafd  sShee shafdessld LkBessnCanabR-UBdeLgda asushown in
AI\/ENDED SHEET

assembly station. This variant better accounts for any
speed differential between the spine locating process
15 and the club assembly process. If the spine locating
process is faster than the club assembly process, more
club assembly stations than spine locating stations can
be provided. If the club assembly process is faster
than the spine locating process, more spine locating -
20 stations than club assembly stations can be provided.
In either case, it is preferable to provide a hopper or
other intermediate station for holding spine-aligned
shafts between the spine locating station and the club
assembly station. Normally, one would expect few
25 shafrs to be held in the hopper, but if for some reason
there i1s a breakdown or other bottleneck at or
downstream of the club assembly station or stations,
the hopper can serve, until it is full., as a reservoilr
to accept shafts from the spine locating station or
30 stations.
The invention will now be described with
reference vo FIGS. 1-19.
If the handlé end of a gelf <club shaft is
clamped in a clamp that holds the shaft horizontally,
35 then looking toward the tip of the distal end of the

shaft, the shaft stiffness can be modeled, as shown in

AMENDED SHEET



WO 00/ 71211 PCT/ US00/ 13868 10 NOV 2003 - 12 FIG 1. As seenin FIG 1,
shaft 10 can be considered as a nmass m having two springs of different

spring ce@sdodss k1 and k2 connecting it in two orthogonalp ﬂc}bg&ﬁs ns to
two different surfaces 11, 12. If 5 shaft 10 were symetrica , then

ki1 and k2 would be equal. Normally. however, k1 and k2 are di fferent In
fact, if one were to clanp the shaft in several di fferent orientaihchm
and each time neasure the horizontal and vertical restoring force 61003
m ght get 10 different sets of values for "ki2and k2. The force F, as

shown, is the fo nposed to di ace the ti cl anped shaft 10, e.g.,
to cause the ti p£f€ dsci’ty 568" lﬁrgf(lharjl I?/“Thég\ﬁi‘l”u 5 S6PS¥FTEAd k2 are
within about 5%®ofa oass anetheig thd @pr2n§sh@>\ﬁ$diﬂ%r‘8ﬁ mpkied 15 hori zontal
and vertical displacenent of c}he vibrating _tip of sh ft 1? as a function
of time over two ~05aiTTari on &9CTEE Wi Bh horT Z8hAr ‘Eﬁ°§6 acement (x)
represent ed by tdérresahonk rtpn‘ewc:Q@lafﬁd"eversurc’ates dllsplacehﬁnt (y) represented

by the brokeng| |%%1]0%grgs%?%éaq%éy %Jfalth(;l sp ach Lgdlcspl S i nposed

at an angle 8=40 to the horizon Shows theé sa | acenent of
the tip of shaftPel®amsla PREsE Pl diowsler. duernd Vip Wc#@“é‘efﬁmx and y --

i.e. , FIG 3 showstwo :rCysd 6srofcd ReahitRet il Py f@lLaws as it would be
seen 25 by an observer viewing the tip along the longitudinal axis of

shaft 10, | ooki rfyff6h&rd Qf'h%“"f?éha'l‘% &Rd. eagretlnzf- SRV St He® phase plot 40

after fourteen awlasnmmaaawrsl&ﬁl rbesa-iahsainced, ki Ay et ds t he
ar

| ocati on nar OSCI|| tion plan -- 1.e., e_an
orientati on qufff% TG SR Hal 45 e 1n?’?°| e J%'Epﬁoéc? ng’ fa(?rce F were,
applied al ong thﬂtowor i Bntche | Bree wmipabed M ioshlhcestid Ica;b efsubstantial ly

only along that _ t Mo t ciLn orth
substantially al ol%énbgg 5?’%59 ¥ 35 Asé]segﬁ éa!ugli‘ %?ebf * 1% ]leq%t%)l ot 40 of the

Ordinarily. the values of k; and k2 are within
about 5% of one another. FIG. 2 shows the normalized

15 horizontal and vertical displacement of the vibrating
tip of shafr 10 as a function of time over two
oscillation cycles, with horizontal displacement (x)
represented by the solid line 20 and vertical
displacement (y) represented by the broken line 21,

20 assuming the initial displacing force is imposed at an
angle 6=40° to the horizontal. FIG. 3 shows the same
displacement of the tip of shaft 10 as a phase plot 30,
over two cycles, in x and ¥ -- i.e., FIG. 3 shows two
cycles of the path the tip follows as it would be seen

25 by an observer viewing the tip along the longitudinal
axis of shaft 10, locking toward the handle end.

FIG. 4 shows the phase plot 40 after fourteen cycles.
Analysis of these observed motions yields the location
of the planar oscillation plane -- i.e., the angular

30 orientation of shaft |0 in which, if the initial
displacing force F were applied along that orientation,
shaft 10 would oscillate substantially only along tThat
orientation, with the tip tracing back and forth
substantially along a line.

35 As seen in FIG. 4, the phase plot 40 of the

Tip motion after a sufficient number of cycles is



tip notion after a sufficient nunber of cycles is WD 00/71211

PCT/ US00/ 13868 10 NOV 2003.- 13 substantially a rectangle. The orientation
of the cillation plane is that of one of the two | axes
of that %@3’2@9 Z, where each axis of a rectangle is defi ngg?é}ssagﬂ"%hﬁe

m dway between, and 5 parallel to. a respective pair of sides of the
rectangle. In the case of a true rectangle, it would be suffici ep?]ugv)l
determne the orientations of the sides. as the orientations of the sides
and the axes, according to the definitionJj3ust set forth. are 10

i dentical. However, the phase plot 40 of the tip notion of a golf shaft
may not be a truebsgetEFgle,2 raftEedeond "BUFECIERIZR PHfYRI t e nunber of

cycles. which isdnBprachcalicheamse:s fkhistor bhe WRULEL ROL be comercial l'y

- acceptabl e and, second, the oscillations 15 of the golf club_shaft

ordi narily danp YT BHr &% °f (UE<r ETTHABI® ¢BETU °BE GBl&rve® Therefore,

the orientati on-dfcaggch iofadriged W axasenaywle waheshatsed by assum ng

~ that. |ines drawn tEéou%h t he four _\4ertai,ces 501:j thq_. 1guasi -rectangul ar shape
of the phase Pl ot>T&FE"20° He "§FRGORAT & 01 Thé Feetangle. Having found the

two axes of the receagig.e, In itheisasgest raabhee trecdeiz@em irewahi¢h one is the

maj of - axis. whigh 1By, GRhE 63PO0C 4Ol e PLLAGERAl-R! 8Mak OSCI T atlon

pl ane, and which 1s a mnor axis -- , one of one or nore unstable
pl anar oscil | at i o¥epl @fedhe cTARsTaEdAnhefdete SHRe @ e Hor 668Fy by neasuri ng

the oscillation,dd.eqUgNeh6&heahONGh 1L hOS §ut Wt AXBSrcnaSarddescri bed bel ow. The
maj or axi s would be expected to correspond to the principal planar

osci |l ation Pl an®sPFist t éevsar t “REsPResGsRP™ 8°\AthraE &8l ong a direction
det erm ned by measdibhngF bhgolfoash@nméhectdetd ecteek shatinglas function of

aral ey, and Chooskag.s e BRAe ol ALINe, Rt ay Ll ragtien | vt on

is impractical because. first, it would not be
commercially acceptable and., second, the oscillations

15 of the golf club shaft ordinarily damp out before a
true rectangle could be observed. Therefore, the
orientation of each of the two axes may be calculated
by assuming that lines drawn through the four vertices
of the quasi-rectangular shape of the phase plotr are

20 the diagonals of the rectangle.

Having found the two axes of the rectangle,
it is desirable to determine which one is the major
i axis. which may correspond teo the principal planar

cscillation plane, and which is a minor axis -- i.e.,

25 one of one or more unstable planar oscillation planes.
This can be determined rigorocusly by measuring the
oscillatrion frequencies along those two axes, as
described below. The major axis would be expected to
correspond to the principal planar oscillation plane if

30 <the shaft was caused to vibrate along a direction
determined by measuring the load on the deflected shaft
as function of angle, and choosing the angle of maximum
load as the direction in which to vibrate the shaft.
It should be noted that this "load test” could be

35 carried out by clamping either the tip or distal end,

or the handle or proximal end, of the shaft, and



35 carried out by clanping either the tip or distal end, or the handle or
proxi mal end, of the shaft., and WO 00/ 71211 PCT/ US00/ 13868 10 NOV 1003 -

14 measugdghhkg | 0oad as a function of angle with the uncl anped end

defl ected. In addition, the subsequent steps of |ocating tHfe/B5t4rages
oscillation plane can be carried out with either end cl anped and the

uncl anped 5 end defl ected. However, the subsequent steps of | ocdtd NGV €088
pl anar oscillation plane preferably are carried out with the handl e or
proxi mal end clanped, and therefore the |-0&8 test preferably is carried
out that way as well. It should also be noted that if the 10 load test is
not carried out, "GIFETHBE FrntPad BF andrncosei pf @edn vskaehe but that pl anar

oscillation pl aneéncieinked enwi ddrigetede thedatingi Pale RGO psCi | | ation
plane. FIG 5 shows a Ilot 50 of tip oscillation as 15 a function of time,
with a separate TTace 51 FBFBsEPT IMErBhosmeharied PAroREahee hor i zont al  (Xx)

axis and a separmteetracew5d kothasent |athpas sAeaskr es-@lgag the vertical

(y) axis. Fromthesg. .k , krequency, can_be determned -- e.g.,
graphi cal |y by count ?n{gjeact%%' 2 O‘ﬁ%:)lfsﬁlﬂt‘i éé? GOPRTZEF CTEPBY ngs. However,
t hese hori zont alecandny ebei planaaxes itlandnypkare pfdfeesbly ape t he pl anar

.oscillation plangy.an,angl8, det e, as__descrihed, above. |If that angle
is denoted 0, then tﬁe frequenci es a?%%é. ?ﬁ%xslgagxeeng glaé“ﬁady as determ ned

from 25 the pl ot®EntrfEiose s beed rans froefieckbint e £heriegoordi nat e system

of the golf clubrshakdy RavéiNg BXEpoXic aRds e LotaL UL Q.?p\g%d to a stable
pl anar osci] | at on gl ane and one of one or nore unstable planar

osci |l ation Pl and€d® &% 3F I ks 2WHEF YY" PRS tRe Bmdf 2 @8Rty at an angle O

fromthe x-axis osciil.lﬁ_.ipnaﬂ)mg. thheckae @ﬂ.bﬁa:rj a@&iilfla‘_ti& tpljgné requency at an
angl e 0 from t ne_l.kgi)a)uiﬁl(r(l)oﬁiggef{h%mp}‘{]n%i);g_a Xpllsaznal: -os!:ifl'a"cigzl'long the
Plane.
FIG. 5 shows a plot 50 of tip oscillation as

15 a funcrion of time, with a separate trace 5] for
oscillations measured along the horizontal (x)} axis and
a separate trace 52 for oscillations measured along the
vertical (y) axis. From these traces, frequency can be
determined -- e.g.. graphically by counting the

20 positive-going zero crossings. However., these
horizontal and vertical axes x and y are offset from
the planar oscillation plane by an angle determined as
described above. If that angle is denoted #. then the
frequencies along these axes x and ¥ as determined from

25 the plot in FIG. 5 can be transformed into the
coordinate system of the golf club shaft, having
axes x' and y' that correspond to a stable planar
oscillation plane and one of one or mere unstable
planar oscillation planes. as follows. where fi is the

30 frequency at an angle 8 from the x-axis -- i.e.. along

the x'-axis, and f, is the frequency at an angle & from

the y-axis (6+90° from the x-axis) -- i.e.. along the

y' -axis:



y'-axis: WO 00/71211 PCT/US00/ 13868 10 NOV 2003 - 15 fi1=f2=f.fY (-
fy2co0528+2fy2c0548- 3f, 2c0328+2f x2c0s48) 0.5 2c0s28+f x2c0s20-fx2 fy xfY
(fyz 3ff200520+2fY20054C> fx2co0s28-r2f x2co0s48) 0.5 fy200528+fx200528 fx2
1f f1 is WP than f2. then one of the stable planar oETUSAVINB pl anes
of the golf club shaft is at an 5 angle 8 with respect to the x- aX|s I f fl
is less than f2. then one of the stable planar oscillation planes B NOV 72003
golf club shaft is at an angle O with respect to the y-axis -- i.e.

8+90" with respect to the x-axis. |If the-l1pad test has been perforned and
used to 10 determne the initial angle of vibration, than the stable

pl anar oscillation plape, (S}zl:@f?@& ef] “eautobmr, @sﬁeafgﬁotsﬂﬁ)lﬂes t he prijnci pal

pl anar oscillatiep pllane t hough ‘this nafhennatical technique  f¢r

. determ ni ng which of [the planar oscri%ﬁ&%MHxabéﬁesz 15 al ready idéntified
is the principal planar oscillation plane, is rigorous and precise, it is
nore conputationally intensive than is necessary in view of the

.obj ective. Therefore,,if @nogpegmgmgﬁppgggg £rbadbneEnt. Qkgihe invenyion, as
described above and ijn ¥ or e detail

bel ow, the [ocation of the prilnci pal
pl anar oscillati®n qlane IS Iocategzgggg+;ngay€-pmder approxi matidn --
i.e., at least to within the correct¥ quadrant -- by determining th
orientation of the direction of greatest resistance to bending or tw sting
25 of the golf c sh has: t u n i ckly
identifying the i#g?még }eaggggF?§§=op§mh égpgfﬁgg thae ﬁ%?g%50|llat|on

pl ane, as descri@%dlabBVExPA@ﬁﬁePér@éﬁs@ﬁhéHﬁh@h?ﬁbﬁsaﬁbématus 60 for

5 angle & with respect to the x-axis. If f; is less than

f,. Then one of the stable planar oscillation planes of
the golf club shaft is at an angle & with respect To
the y-axis -- i.e., 6+90° with respect to the x-axis.
If the load test has been performed and used to

10 determine the initial angle of vibration, than the
stable planar oscillation plane so located can be
expected to be the principal planar oscillation plane.

Although this mathematical technique, for

determining which of the planar oscillation planes

.15 already identified is the principal planar oscillation
plane, is rigorous and precise, it is more
computationally intensive than is necessary in view of
the cbjective. Therefore, in another preferred
embodiment of the invention, as described above and in

20 more detail below, the location of the principal planar
oscillation plane is located to a first-order
approximation -- i.e., at least to within the correct
guadrant -- by determining the orientation of the
direction of greatest resistance To bending or twisting

25 of the geolf club shaft. This has the further benefit
of quickly identifying the "forward” direction of the
principal planar oscillation plane, as described above.

A preferred embodiment of apparatus 60 for

implementing the present invention is shown in

30 FICS. 6-13. Although apparatus 60 could be ﬁade To

implement the rigorous mathematics set forth above, it



i npl enenting the present invention is shown in 30 FIGS. 6-13. Although
apparatus 60 could be nade -co inplenent the rigorous nathematics set
forth above. it PCT/US00/ 13868 |PEA/US 04 JUN @& 10 NGV 2803 ,16 -
has been determined in practice that a sinpler Hj@e B oc igg

descri bed bel ow achi eves acceptable results at @/@S 638 in a
particularly preferred enbodi nent, apparatus 60 use€ tth

process. In the preferred enbodi nent, apparatus 60 incl udes shaf1 ﬂmqtmmg
assenbly 70 and processing unit 61. Processing unit 61 can be any system
capable of processing input data fromsdfsors 77 and 74 of 10 shaft
testing assenbly 70 and performng either the rigorous nathemati cal

cal cul ati ons dB3grPeed apese"yred the RAAffise Hhefati $é™PareEul ati ons

descri bed bel om/ceﬁétlséo,aﬂ\fb¢éls§la(& cﬁascﬂ'rlQ@SWlo@lalcﬁlﬁbéfser abl y a general
pur pose comnput er such$ sonal £onmput er, ? .. be based
on a PENTI UM rJ<cé proces%l g i 5\75 F’gﬁl eif"r m | nt el

Cor por at i on, oﬁarSaﬂtaaﬂsarweﬁahrécOrdnitapdﬁmmu n@p@avaltglsoﬁoobstehe

W NDOWS( r ) gpe{__g;{ngiﬁlgf&erg,a&@ég@bl e fromMcrosoft Corporation, of
Rednond, Washi ngt on, programmed 20 with software as descri bed bel ow.

However, processor 61 coh?dt'?sﬁ’ﬁ%Wﬂ-ﬁM%“@n&uﬁpwféPuénéo or nore

progranﬁed prOQﬁéﬂU@QiaesrLé)ﬁi CeLloi (e dadipat ed ha bheckuaghions necessary
to locate the SpIB ‘?ﬂ Laj%r olf club shaft. I'n any event, processor

preferably 25 43 TR0 Bkl MeSs Pt G agEYBESSRRPED %%st. ng
assenbly 70 prei—‘epﬁdsd:yssﬂeé udgsac aibt&ldng:a{&@rhaﬁe 7%, =awhi A b at | east as

72. i neludi 8 5 Get| St 5t B S A ee B o P F R et ensor 74
At the ot her en@g@fogasgaqhgmatical calculations described above or
the simpler iterative calculations described below. As
shown in FIG. 6, processor 61 is preferably a general
purpose computer such as a personal computer, which
15 may, e.g.. be based on a PENTIUM® central processing
unit (CPU) 62 available from Intel Corporation, of
Santa Clara, California, running a version of the
WINDOWS® operating system available from Microsoft
Corporation, of Redmond, Washington, and programmed
20 with software as described below. However,
processor 61 could also be hard-wired circuitry or one
or more programmed programmable logic devices dedicated
to the functions necessary to locate the spine of a
golf club shaft. In any event, processor 61 preferably
25 also includes memory 63 and mass storage 64.

Shaft testing assembly 70 preferably includes
an elongated base 71, which is at least as long a geolf
club shaft. At one end of base 71 is a measurement
assembly 72, including a deflector assembly 73 and a

30 deflection load sensor 74. At the other end of base 71
is a shaft holding and rotating assembly 75, including
a rotatable chuck 76 for holding a golf club shaft.
Apparatus B0 also includes a tip mass and sensor
assembly 77 which during testing of a golf club shaft

35 is mounted on the distal end of the golf c<lub shaft and

cooperates with deflector assembly 73.

AMENDED SHEET



is a shaft holding and rotating assenbly 75, including a rotatable chuck
.76 for holding a golf club 'shaft. Apparatus i nchude t Ly Mass
and sensor assenbly 77 which during testing Et?lg&f cpulﬁ ii&b% is
mounted on the distal end of the golf club 33 ft and cooperates with
defl ector assenbly 73. AMENDED SHEET PCT/ USO §I UL?‘N ?Qg JUN 2001
10 NOV 2003 17 As seen in FIG 8, shaft hol drng and rotatrng l‘ed%,ymﬁ?
preferably includes rotatable chuck 76 which preferably may be
conventional, preferably holding a golf club shaft by exerting radially
innard 5 force substantially evenly around’the shaft circunference. Chuck
76 preferably is nounted ,at the _en f axle 8 which preferably is
journalled in bearings 8T Bear i:erf'ggI 1 %re?g’?%a Vo%cﬁé“goﬁrﬁ e B ®ippor t s
82 so that the zBadstolfy rift atriediereblaxiec80detOrandrbylextiensk oT6 t hat of

chuck 76 and tnaq:ggifprcéﬁg}ab&gatnfayb%iengomékggmﬁ.a.!)réf&t erm ned

hei ght above base 71_ The end of "axle 80 renote fromchuck 76 preferably
i s connected viiHiERs &°4foirtiPg3hedtaby psreht tpEer 2F 184LY hirva= used as
an angul ar positdare khisaRsli a3 ydesenibedrbehowndniygrsal joi nt 83

prevents any scliirgchtetm sal i gnn%gtgﬁgbg%iv\een the axis of axle 80 and the
r [

shaft of potentioneter 84 rom gi RgPp5t BhEP Ohet BB M T ar'lS, a

traveling nut 8&d mrefedadldp.i shproypdedeoabax| £s8fotonatledsim 20
rotati onal st O ddds ter ol #e0n-gL 8! BBPeAN LIEL ShY.RLEYEN] damage

that mght result from overrotation of potentioneter 84. An optional notor
86 may be proARRPTS G5t & “ORGCkP?62xAPt Abught-aakeral of ratke i%h can al so

be used. | m@ddidd & idxdehsAorpreber abl entox provige &@I@&hm mnimze
vi brations of ci—.h kb76_ as it rotates. Oaer §7 referabg rovi des a
friction fit td& ERcK?ES FECFS -j d§t 2Fi ghpredevermined héight above

base 71. The end of axle 80 remote from chuck 76
preferably is connected via universal joint 83 to a
potentiometer 84 that is used as an angular position

15 sensor as described below. Universal joint 83 prevents
any slight misalignment between the axis of axle 80 and
the shaft of potentiometer 84 from damaging
potenticmeter 84. Similarly, a traveling nut 85
preferably is provided on axle 80O to act as a

20 rotational stop to limit rotation of axle 80 and
thereby prevent damage that might result from
overrotation of potentiometer 84. An optional motor 86
may be provided to rotate chuck 76, although manual
rotatiocn can alsoc be used. In addition it is

25 preferable to provide a clamp 87 to minimize wvibrations
of chuck 76 as it rotates. Clamp 87 preferably
provides a friction fit to chuck 76 that is just light
enough to allow rotation of chuck 76. Screws 88 may be
provided to adjust the jaw of clamp B7.

30 As seen in FIG. 9, measurement assembly 72
includes a base plate 90 that is mounted to base 71. A
load cell 91, such as a Model LCAE-Z2KG, available from
Omega Engineering, Inc.. of Stamford, Connecticut, is
mounted to base plate 90, and a shaft tip restraining

35 arm 92 is mounted to load cell 91 on the side of

load cell 91 opposite base plate 90, for a purpose to

AMENDED SHEEY



enough to allow rotation of chuck 76. Screws 88 may be provided to adjust
the jaw of clanp 87. 30 As seen in FIG 9, neasurenent assenbly 72

i ncl udes WMMWsB2Yl ate 90 that is nounted to base 71. A | oagryekde99s8 such
as a Model LCAE-2KG available from Orega Engineering, Inc., of Stanford,
Connecticut, is nounted to base plate 90, and a shaft tip restraining 35

arm92 is nounted to load cell 91 on the side of load cell 91 ow?im}q 2003
base plate 90. For a purpose to AVENDED SHEEP WO 00171211 PCT/ US 3868 10
NOV 2003 - 18 be described bel ow. Measurenent, assenbly 72 al so

preferably incl ugdesiacdeidLetan. ar ma3 phant ably,1gosnted,to base plate 90.
Preferably. deflector arm93 is nounted so that at | east one side 930

thereof is 5 suBSTENEPHY IVChetsTeAdiUraret 6rhadt pprea@®in0. and so that it
pi vots about an @tire84rd habeimasubst artialdayiy pakaldal -t 9pase plate 90.

Defl ector arm 93, preferabl as a_ projection 931, preferably extending
.s\ér v j§

from si de 930 10T HEr8o oj%8cfio 1°T7 67 abPytIF48°8 Surface 932

faci ng away f¥ onsebgenfikltlvaptedpeatd scigabstamksal pyack e, sadmcangul ar

relationship to side,930 . as.dges side 10 of tip ss and .sensor assenbly
77 to side 101 of a%efi n;‘asssaa%\)D U‘s:e'gr‘\r]sdaf\lsa%szleﬁjaf‘y T Sc’):?"?’ea&éﬁns descri bed
15 bel ow. As showaralpeFIw@ base rippe fi¥ss and sensor assenbly 77 preferably

has a body 102 with a masspgf)ecR8lWagNsahQuUL: E;gg, grang and about 220 grans,
and preferably about 200 %ramse,C to simul 2{%? e fass of a 20 golf club

head at the di stRIJEAIVY °3! gATRTRIAMY serafending (franctider 9¥hbodi nment ,
different tim massesoctoulrgope-ciph0ysdidptetd DDy 66l 958k ¥l RUbat e di fferent
types of club hgads, whi cg have different nasses. However, this latter :
embodi ment woul d Be RoTEYcHS 717 HoF F° RE2BACHPo Wiirt Bt &AF mass woul d

need its own setsapk bnguisducEEsid@ship to side 930 as does side 100
of Tip mass and sensor assembly 77 to side 10l of Tip
mass and sensor assembly 77, for reasons described

15 below.

As shown in FIG. 10, tip mass and sensor
assembly 77 preferably has a body 102 with a mass of
between about 190 grams and about 220 grams, and
preferably about 200 grams. to simulate the mass of a

20 golf club head at the distal end of a golf club shaft.
In ancther embodiment, different tip masses could be
provided to more closely simulate different types of
club heads. which have different masses. However, this
latrer embodiment would be more costly. insofar as each

25 different mass would need its own set of transducers to
collect displacement data, as well as different
compﬁtations based on those data.

The presence of body 102 on the end of a golf
club shaft when the shaft is deflected and allowed to

30 oscillate during testing in accordance with the present
invention, as described below, not only mimics the
effect of a club head during a swing, but alsoc provides
‘reaction mass" that prevents the shaft oscillations
from damping out before sufficient data can be

35 collected. The transducers that collect the

displacement data preferably are two



col l ect displacenment data, as well as different conputations based on

t hose data. The presence of body 102 on the end of a golf club shaft when
t he shaft W&odRllected and al l owed to 30 oscillate during trsStusw/1886s
accordance with the present invention, as described below, not only mmcs
the effect of a club head during a swing, but also provides "reaction
mass" that prevents the shaft oscillations from danping out befot8NOV 2003
sufficient data can be 35 collected. The tragsducers that collect the

di spl acenent data preferably are two WO 00/ 71211 PCT/ US00/ 13868 10 NOV 2003

- 19 accel er omehess HdRerek@4103, 880 as Mpdel y8393450zavai l abl e from
Ki stler |nstrunent Corg. of Amherst. New York -- aligned along two
Bl

di fferent axes. PYar@Ras|irom Kigrlefo! metasmeite Corr hefditaerso Bee anot her,

“-but that is 5 novoRecessdighedasdr@ngvasiFheanaulear relatieashi p between
the axes is known, the notion recorded by acceleroneters 103. 104 can be
resol ved conput atPordl §7°5 Af® ¢ O%‘?’Tarjroé%r%'F PSIPBherts. “rAFsE® pref erabl y.
“‘the two axesb5ar sopateakbedryanss penpendicesl aigulsespeatioveby 10 to base 71.

Agai n, however, that is_not necessary. _Tip g?ésnzcand e?nésor assenbly 77

] , .
preferably has an attachment structure for attaching toxhe tip of a golf

club shaft. Prefea¢eaileyomedrersat@hchftmensbe ussah@di nolrudesicaablr e 105.

slightly larger if.d3.di QHBbesndihalndheAVEr ages glréf&iau?y.sfaﬁét, i n body
102. into which the shaft may be introduced, and a set ~ screw 106 for

ti ght eni ng body 192 ¥ff PiehE82SHArL . 2NNPEERHEE FYEry , TSSPRECYEEY - of
qui ck-rel easeo cl apmpaean7be REHMH deGveeal tirkl 8¢ |y f Qlcedss-yi N an aut omat ed
system 20 as described below, As di scussed above, there preferably is the

sane rel ationship between ItTﬁ% BT eMMACEORY §F°Y1Pd8s’ 160°TI0% 0f tip nass
and sensor asseniky aA/aasachhéer etrsciebwaen astidhasg 93k 8820f defl ect or

arm 93. a golf club shaft. Preferably. the attachment
structure includes a bore 105, siightly larger in
15 diameter than an average golf club shaft. in body 102,
into which the shaft may be introduced, and a sem
screw 106 for tightening body 102 onto the shaft.
Alternatively, some sort of quick-release clamp can be
provided, particularly for use in an automated system
20 as described below.
As discussed above, there preferably is the
same relationship between the orientations of
sides 100, 10] of tip mass and sensor assembly 77 as
there is between surfaces 930, 932 of deflector arm 93.
25 This is so that tip mass and sensor assembly 77 can be
repeatedly lined up the same way for every test, by
resting sides 100, 101 against surfaces 930, 932,
In order to test a golf club shaft, the
shaft 110 is mounted in chuck 76 as shown in FIG. 11.
30 The tip. or distal end, of shaft 110 is then deflected
and restrained under the lip 120 of shaft tip
restraining arm 922, as shown in phantom in FIG. 11, so
that the restoring force tending to straighten
shaft 110 can be measured by load cell 91. Chuck 76 is
35 then rotated -- manually. or by motor 86 preferably

under control of precessor 61 -- while the restoring



25 This is so that tip mass and sensor assenbly 77 can be repeatedly |ined
up the sane way for every test, by resting sides 100, 101 agai nst surfaces

930, 932, WO M/Rder to test a golf club shaft, the shaft 119&@8?@%389(1 in
chuck 76 as shown in FIG 11. 30 The tip, or distal end, of shart 110 is
then deflected and restrained under the lip 120 of shaft tip restraining
arm 92, as shown in phantomin FIG 11, so that the restoring fotgd0OV 2003
tending to straighten shaft 110 can be mea_Sl%eg by load cell 91. Chuck 76
is 35 then rotated -- manually, or by notor 86 preferably under control

of processor 61 yordhiide theqLe LL VWO O0/ 712 PCT/ USQ0/ 13868 1 ON 0 V
2003 - 20 force is relc?o?ded bé/ﬁégrrpﬁ%etr 61 é%' aa%ﬂﬁ%ﬁ”oﬁgof angl e, which

i s determned byZ2petentfontetiardgLrmined WHirdteatiorswar idl.tage is applied. By
vel | -known vol t ageciliavikaen tethigequesppl &1 ChaNgRY. L g3f stance is 5

translated to a (‘:'Qfm% ng_v_oltage whi ch can be " converted to an angle. It
m ght be expect ed tHa Wherrsf NEUPWRISE: PR CHPISIgef breeeTarace tfmxi mum t hen
the point of faxknemmlzasymuetrahaafiidiecsbafd,, whapr 8senki ng the hard side of

10 the principal .planargascillation plane, is facing upward. It has been
found enpiri callfl, homg(\j/ero, a?haé'igllethat is not so. but that the hard side is

within the quadrant that ils fi@binge eppaccanhen when rerxi tawarfiorce is

measured. The anglgRfinthe naxiiumfarce is 15 therefore recorded in this
static portion of the ?éest,r and the reniaitﬁarérthgf PrHe f’gs"fa,x%rf‘ch i's

dynanmic, is contirEdY |9 Ehre séyfanirerporEntore obetlradt este ofthe tip or

di stal end ofo gotde pRahdiphlCpl=fapssddih bl Wit i Ps %Qc%ss and sensor
assenbly 77 in place i in the static portion of t test the tip

. le i
preferably is d‘é‘?“la€8t\e/\§|tv8?? iPEST I APUnF et E L eRAdam ROWSERT | GM2Bf t he

that is not so., but that the hard side is within the
quadrant that is facing upward when The maximum force
is measured. The angle of the maximum force is

15 therefore recorded in this static portion of the test,
and the remainder of the test, which is dynamic, is
conducted.

In the dynamic portion of the test.. the tip
or distal end of golf shaft 110 is oscillated with Tip

20 mass and sensor assembly 77 in place. While in the
static portion of the test the tip preferably is
deflected vertically, in the dynamic portion of the
test the deflection is preferably horizontal, although i
any direction can be used in either portion of the

25 test. The reason for preferring horizontal deflection
in the dynamic portion of the test is that, first, the
effect., on the results. of gravity acting on the tip
mass is minimized, and. second, it is easier to
oscillate the shaft without it hitting base 71.

30 Therefore. before the dynamic portion of the test is
initiated, chuck 76 preferably is rotated about 90°, so
that the estimated orientation of the spine, or
principal planar oscillation plane, @hich had been
vertical. is now horizontal.

35 In the apparatus so far described, tip mass

and sensor assembly 77 is applied. and a horizontal



test the deflection is preferably horizontal, although any direction can
be used in either portion of the 25 test. The reason for preferring

hori zont g}, %gfg]ﬁ tion in the dynamc portion of the test jsriBabyasds rSt.
t he effec?, onthe results, of gravity acting on the tip nass Is

m nimzed, and, second, it is easier to oscillate the shaft vvithpﬂlg Vt@:i
hitting base 71. 30 Therefore, before the dynamc portion of the te P i'sY35
initiated, chuck 76 preferably is rotated about 90, so that the estinmted
orientation of the spine, or principal pl&har oscillation plane, which had
been vertical, is now horizontal. In _the apparatus _so far described, tip
mass and sensoriMAYETHPYITPAITYE appl§%d, <Hitd s Hol  2oAfal WO 0017121 1

PCT/ USO0/ 13868 1Q1NeM 2003k tRd pirBPpin=8ect hdnaparshad) it erggdife ¢l ub shaft

2,110, as follows. Wth th oxj mal or handl e e 111 of f club shaft
110 held in chuc‘ﬁ%“?G?hagﬁdﬁé]g};?%dctlﬂr‘:%pﬁ g% ag?ac% ??\‘bwé’r%lé'?g‘?bore 105 in
body 102 of tip swassirgndréctsenser 1assenbdyy 102 pimacedsower distal or zip

.end 112 of | f shafit; 1490 TLP, J18s . SERSQL Assenplhy>77 i s when
mani pul at ed %ﬁt isle%%gfaaces 1i’OO, 150% C%? %0%39102 are flﬁrm y seated agai nst
surfaces 930, 937 golff dérh cbebr aPm I3P Prmcend saoe®l eroneters 103, 104 in

10 their predeteruined desid edePhbfiPabionNsinch ROEELIQR 0ho, gdiface 100 not
occupi ed by accel erométer 103 is _used for this purpose,_so that

accel eromet er 10F bR 1HBrare] Ft' @Y eTETGF t3BALATE SEATTITS OF° bod§ 102.
Al t hough accel eyrosetieksod @3m dN4pasanghawr1eomnnreetedoBo IB prnocessor 61 by

W res 62. a]ﬁi rel ess cognection Ejnot shown) coul d be provi dgg. A
sub

- . - ) DERB
preferably stRRET APy RO 2onfar - iphl 56 18 provi ded 10 tip mass and

sensor assenbly sE7fine l1@efrdcacedargied pylakagferguicerclQ ishefed 110 to side
120 20 of deflecior AM.93,QRPAY LhadSiadfe A3BneaS $68Mckd not

interfere with the seating of body 102. Although
accelerometers 103, 104 are shown connected to

15 processor 61 by wires 62. a wireless connection {(not
shown) could be provided.

A preferably substantially horizontal impulse
is provided to tip mass and sensor assembly 77 by
deflecting tip 112 of golf club shaft 110 to side 120

20 of deflector arm 93 opposite side 930, as seen in
FIG. 12, and then, preferably in a sudden motion,
pivoting deflector arm 93 out of its erect position.
allowing the restoring force in deflected golf club
shaft 110 to provide a herizontal impulse To start

25 tip 112 of golf club shaft 110 to begin vibrating,
along with tip mass and sensor assembly 77. in the
manner described above in connection with FIGS. 2-5.

Although the initial deflection of golf club
shaft 110 behind deflector arm 83, as well as the

30 pivoting of deflector arm 93 to allow tip 112 to
oscillate, can be accomplished manually. they can also
be accomplished automatically. Thus, an arm 12}
bearing a finger 122, driven by a morvor 123 through
suitable gearing or linkage 124 that provides the

35 necessary horizontal and vertical components of motion,

can be used to move tip 112 of golf club shaft 110 from



FIG 12. and then, preferably in a sudden notion, pivoting deflector arm
93 out of its erect position, allowing the restoring force in deflected

gol f cl ubWOstegm211110 to provide a horizontal inpulse to stagdrgdgodizResll2 Of
golf club shaft 110 to begin vibrating, along with tip nass and sensor
assenbly 77. in the manner described above in connection with FIGS. 2-5.

Al t hough the initial deflection of golf club shaft 110 behind deNEFt@B
arm 93, as well as the 30 pivoting of def[egéqy arm93 to allow tip 1% to
oscillate, can be acconplished manually, they can also be acconplished

automatically. Thuspegf-Ar Rpdi2lsnbeay p finger. 122, driven by a notor
123 through sui tabl’nfa3 gearlmﬁ o(rml I nkagg %54]3? zﬁloﬁrzbt?\?ila%s the 35 necessary
hori zontal and V&TEEEP" @6 enfsisofconbd iiorolves @atibereusBrhlt endove tip 112

of golf club shaddri:dfcdr 680047 211, M&@%@ﬁﬁféﬁ &0 NOV 2003 - 22
its neutral posiftion 1][22%0 to the position behin defl ector arm93. This
coul d invol ve botW8FEr 19 P hBCVhGFEsonthar iFRsFeAentvale ti p 110 by fi nger

122, or finder #kR2rctfl @ivmvedsalekyr-hon gontal by whailg 5 motor 125 pivots

deflector arm9 f.-t he 10 tenporarily and then restores defl ector
arm93 to the éeg’g%r%ois}' t?rb&rll\exﬁf mrar! ?ﬁ]egcﬁloﬁo"fri"ha?’o?o dBfl ector arm 93

to all ow oscil | strieon raribeei-n Bamileelperdher pperiby droHer1ek25-i nst ead of

manual l'y. As a fyut bercabi §aLll MGk ead of applyin an i npul se by
defl ecting shaft 130 behind de%éfle?faét?&zﬁt% 15nag'1?h%énp‘f9‘éﬁ°é5§? ng arm 93, a
hori zontal pl und®r "8F°T dRY (Meteachednyarwmdlyd. be used to strike tip nass and

sensor assenibl y 77 rapi dl ysadedied SHOrhaLivEE. 18 EQCl o, AfGEl erometer s
103, 104 records acceleration in one of two respective directions, which.

preferably are &t HOYURSl PX Gt dnst Hic bifybehind deflecter

arm 93 and then releasing arm 93, a horizontal plunger
or ram (not shown) could be used to strike tip mass and
sensor assembly 77 rapidly and for a shorc time.

15 Each of accelerometers 103, 104 records
acceleration in one of two respective directions. which
preferably are orthogonal to one another, and
preferably are harizontal and vertical, respectively.
However, any two directions may be used, as long as

20 they are known, and the horizontal and vertical
components can be calculated. The accelerations
preferably are integrated over time to determine
horizontal and vertical displacements. Alternatively,
displacement can be measured directly, for example, by

25 providing, instead of accelerometers 103, 104, a light
source, such as a laser or light-emitting diode (not
shown) , on the end of tip mass and sensor assembly 77
emitting light along the direction of the longitudinal
axis of golf club shaft 110. A light sensitive

30 detector array (also not shown) could be placed
substantially perpendicular To the emitted light beam,
which would trace the displacement of tip 112 on the
detector array. recording the displacement directly.
Regardless of how the data are collected, they can be

35 plotred as a function of time and used to derive

displacement and frequency data that are then used. as



preferably are horizontal and vertical, respectively. However, any two
directions may be used, as:long as 20 they are known, and the horizontal
and vertiﬁ@lo ¢ onents can be cal cul ated. The accelerations preferably
are integ ‘%4 Ner time to determine horizontal and ver t iPEAIUS00/13868

di spl acenents. Alternatively, displacenment can be neasured directly, for
exanple, by 25 providing, instead of accel erometers 103. 104, a hipyyg 7
source, such as a laser or light-emtting diode (not shown), on the en(}m%f
tip mass and sensor assenbly 77 emtting-l2ght along the direction of the
| ongi tudi nal axis of golf club shaft 110. A light sensitive 30 detector
array (al so not dssowrbedcebb et beo plzabedat isHbE ajatéxa:hhy ﬂ}&r pendi cul ar to the

emtted |ight. heam . wig \gguldtracethe ce f tlp 112 on the
detector array, t?Dreco]rfr %lhe d%’slpnégfélr%'ntl rect e ess of how the

‘data are col | ectc@etil%él’fe?ncral‘?nbe %epﬁmqmoasafatmmmmam of t| me and used

to derive displacerent.a af@egib%%s:y &'%@ ysed, as WO
00/ 71211 PCT/ US00/ 13868 1991 o v d%%%?%de& 66’38 o

"mat hemat i cal %y JEEEFHNTE Pheloaﬁr@rlér?bdfoaham%r:owemcbtchen in which lies

the planar oscilubagi Qaadpl@meheTli}e.ngarsaac&;h%rot;sélh@aﬁcﬁnaianeosC' I'lation
pl ane cl oser to the esti ;raoa_q} orientation 5 determned by |oad cell 91

woul d be consi défedPtHe® d*1E ge2ot 1t He PrrRGTAEF I Enar oscill ation
pl ane or spine sbbulpplte slidneshadrpeddurehi€h prefrataly.yor sioul d be aligned

per pendi cul ar tq, facin i an otherW redeterm ned orientation
with respect to, fon'gﬁr %Tec%tﬁrm < a%l_él.e¥' Wever T hESAS6Ed el | test coul d

be el ini nat é&, iths of Tasb hez2difegai nfogotdr . ctiub Iohafdell k@stwiddidt he pl anar
oscitlation plang Liy.A,desi [ ol SOLALLONL oD LOSPRRLAL 9 e cl ub head

face, whether the hard side of the plan ation p ane faces 15
toward or away Mo tRerianee crsilpatiay Plévem ihawidsgintdde pl anar oscill ation

pl ane at a randeyiéfdRAbAtWi®A respect to the club head face, whether
the hard side of the planar oscillation plane faces
15  toward or away from the face, is better than having the
planar oscillation plane at a random orientation
relative To the club head face, and also insofar as
aligning any planar oscillation plane with respect to
the club head face, even if it is not the principal
20 planar escillation plane, is better than a random
orientation. It should be remembered. however. that if
a random planar oscillation plane, rather than the
principal planar oscillatien plane, is found for each
golf club shaft in a set, then even if the planar
25 oscillation plane so found for each shaft is oriented
similarly relative To its respective club head, the set
cannot be assumed to be uniformly oriented.
Once the location of the spine has been
determined, shaft 110 preferably is marked to indicate
30 the orientation of the spine, or at least of the planar
oscillation plane. Marking may be accomplished by
applying a pigment {(e.g., paint or -ink) to the surface
of shaft 110. For example, an ink marker 130 having a
marking tip 13! could be mounted on a frame 132 as
35 shown in FIG. 13. After the preferred orientation has

been determined., shaft 110 can be rotated so that the



relative to the club head face, and also insofar as aligning any pl anar

oscillation plane with respect to the club d face, 'even if it is not
the principal 20 planar oscillation plane, i @ﬁ f@ a random
orientation. It should be renenbered, however th

phanar
oscillation plane. rather than the princi pﬂlErEm osm I I at| g%géane i's
found for each golf club shaft in a set, 1 25Y O NOV 2003
oscillation plane so found for each shaft is oriented SI m I a?r@r’el ative

to its respective club head, the set n%gt be assuned to be uniformy
oriented. Once the location of the spine S been determ ned, shaft 110

preferably is i 30, the orientation of the. spi or at
| east of the p%ﬁ%qrgg0| Irrllqae&%%ﬁlﬁpahs ak/ﬁ%ﬁ% th aerkacncﬁ)rrp |sq%’ed by
appl yi ng a pi gnéntch( &hgn. apailaesor npaky to %Ih@f%ulrlf%ce Algfergirafitveld0. For

exanmpl e, an inkammidenal3dphavbng a pARKKI Ag:d L3131 wipuld 28 uAled on a
frane 132 as 35 shown in FFG 13. After the )preferred orientation has -been

det er mi ned, shafPTEEG Caft BB IGPAYET- so*t hat tAE PCRI =@V L1396$ | PEA U
0 4 JUN 20030 Mev-+20@3of 2darprefer eediorbeniatdmsn ishad ignes w th marking
tip 131, which,tl then %pgl i es abgglglk -CO shafl 41Q. _ 4 Al ternati veI y, 130

coul d represent A& parnt FesErverT" fhiTe 13T Soul =" epr sa6ht pai nt br ush.
As a further ameekdas \;ie‘tOStharkiJngaeé sfiafhaid 0l Koul drbeswetc el | shed

using a di rectaqeeehen;qwebeaeboeoalaaﬁébeéee,b@agnﬁfgheleq&r%y nafkdng into
"the surface of shaft 110. In such an alternative, 130 could represent a

hi gh- ener gy | ad®ile WFil| #°¥39 GERrESPRpretenm=t9e Befser PedmP 6°°E80 coul d
10 represent afeplreekhenaguslabttenlgln wond te r epr eatnid thgprealeent e beam
Optionally, eit Iier shaf e%ulno OQ t he e Ki ng% asse Ij¥: cloltH d rbe noved

paral lel to th& Sharc" P&AGI t udPhar” aX|§ sO That The Tarki g ofthe shaft
is a line insmeatioR asdemrblyocpnid casendtesd pagidilgl o the shaft

longitudinal axis so that the marking on the shaft is a
line instead of a dot, to increase its visibilicy.

15 The preferred metrhod 140 according to the
invention for locating the preferred orientation (i.e.,
either any planar oscillation plane or the principal
planar oscillation plane or “spine”) ., using
apparatus 60, is diagramed in FIGS. 14-17. Method 140

20 preferably starts with load test 141, described above,
which uses load cell 891 to estimate the ocrientation of
the principal planar oscillation plane and which at
least identifies which of the two sides of the
principal planar oscillation plane is the "hard” side

25 of the planar oscillation plane. Load test 141 could
be omitted, but only if one is prepared to find any
planar oscillation plane, rather than the principal
planar oscillation plane in particular. Where load
test 141 is performed, the result is used as a starting

30 point for planar oscillation plane location step 143,
below. Alternatively, load test 141 could be performed
on a stand-alone basis to measure the symmetry of a
shaft. .

After load test 141 is performed, optional

35 "logo up" test 142 is performed. Conventional golf

|
clubs are typically assembled with the manufacturer’'s ‘
|
|
|
I
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15 The preferred nmethod 140 according to the invention for |ocating the
preferred orientation (i.e. either any planar oscill ation plane or the

princi pal weh#nai; oscill ati on plane or "spine"), using appq;ca]-h#o R is
diagramed in FIGS. 14-17. Method 140 20 preferably starts wt Po%gstest

141, described above, which uses |load cell 91 to estimate the ori rﬁﬁxwezﬁm
of the principal planar oscillation plane and which at |east idert

whi ch of the two sides of the principal planar oscillation plane is the
"hard" side 25 of the planar oscillation pl%%e‘. Load test 141 could be
omtted, but only if one is prepared to find_an | anar oscillation plane,
rather than the f"f"?\'c?"ghﬁh 1B AEFEb B 'Fti‘eatsf‘%ﬁ:'p%ﬁ & FOYRRL Féul ar . Where

| oad test 141 isipemnked Made. tihewhimasubirdfervstdoass @ Siaget bpy 30 point for
-.planar oscillatiop hlane |ocation step 143 hel ow.heAﬁct} er qg&j vely, | oad

r .
test 141 could be pe1|g or e on a stand-al one hasi st o Feasure the symetry

of a shaft. Afteray dagmtréstclltplhéasi ferd ognned,leceptdeonal 35 "l ogo up" test

142 is perforgedc Canventi-anal: golderelubs e &at:ms?al | Yo 2gg€mbl ed with the
manuf acturer's AVMENDED SHEET WO 00/ 71211 PCT/US00/ 13868 1 O NOV 203 - 25

| ogo, which is pFMti€8° of PRETSAAT 2 Fardcgleenart arhere ehab- head face, in
what is referredct@ud$ernck 0g®eUPlogoCopf iagglgraﬂeinenis( sapeymenuf acturers align
the logo 180 away fromthe club head face In a "l ogo dowmn" 5
configuration, of279™ ot HEE° CBhFFTurati BHE)Y HBEEEIsE~F HEBPEYY'S s printed at
a random | ocat i opheorsthe=sshaf of gigaatindebenices theidsl agaodp” alignnent is

purely rando Logo est 142 nerely gathers data regarding the
oscililation 0o agg%ﬁafulﬁ?%‘% g 1%%§%f°r|l'n its factory 10 installed orientation.

As descri bed above, pl anarAssesttdtedombpleanelankpcacidhepooceduee 143 i s
performed next. e%&&%ﬁon procedure 143 is performed next. After

procedure 143 has been performed. an opticnal report
printing step 144, in which some or all of various

15  parameters regarding the golf shaft whose preferred
orientation has been found are printed. Finally, in an
optional save step 145, various of the data acquired
during steps 141-144 are saved (e.g.. in mass
storage 64).

20 Load test 141 is shown in more detail in
FIG. 15. At step 150. a golf club shaft 110, which may
have been removed from a golf club, is placed in

| chuck 76 at an arbitrary starting angle. Tip 112 of
gelf club shaft 110 is deflected and restrained under

25 shaft tip restraining arm 92 so that the restoring
force in the deflected shaft 110 is measured by load
cell 81. The shaft can be deflected and secured
manually, or the deflection and securing can be
accomplished automatically. Thus, an arm 126 bearing a

30 finger 127, driven by a motor 128, through suitable
gearing or linkage 129 that provides the necessary
horizontal and vertical components of motion, can be
used to move tip 112 of golf club shaft 110 from its
neutral position 1200 o position 1201 under shaft tip

35 retention arm 92,



procedure 143 has been perforned, an optional report printing step 144, in
whi ch sonme or all of various 15 paraneters regarding the golf shaft whose
preferred womderstati on has been found are printed. Finall y,ijmm%&i onal

save step 145, various of the data acquired during steps 1
(e-g., in mass storage 64). 20 Load test 141 is shown in nore detail in

FIG 15. At step 150, a golf club shaft. 110, which may have been1r(p|wvmmp

froma golf club, is placed in chuck 76 at an arbitrary starting angle.

112 of golf club shaft 110 is deflected and®restrai ned under 25 shaft ti p

restraining arm92 so that 4he res ing force in the deflected shaft 110
is measured by load cell é)tff:gﬁléj gﬁﬁafltsgérénerbghﬁgf "éBt BFeanesecur ed
manual | y, or theadef$%cthen ianscegeddl iagckdlt peeracedppld shested
automatical |y. Thys,c 38oarim 126 Peari 30.finger 127, driyen by a notor
128, through sui fabl e gealri ng or ?‘l['n%g)ggw}ffé’ in??gtebep‘r%%s\/’igﬂ’gge‘¥he necessary
hori zontal and vé&PRtireBPTEEIPERETCS Sfrawptieon, Newr.bet usedisd nove tip 112

of golf club shattudil@sf {DRtLSq DEULAL PRSI Ek%elé%) t.g posi tion 1201
under shaft tip 35 re,tenéj on arm 92. WD 00/ 71211 PCT/ U800/ 13868 10 Nov
2003 - 26 Once PrPEEEo"i Whinlidryshafdesteprtedt e ipopitivem 92. then in step
151 chuck 76 pretetabby disecoidt)ednimbayta 2000-4.1 @Rerdir e64d on (which may

be designated the negative rotation direction). Next, at step 152, 5 chuck
&11'%9 cﬁe

76 is rotated at “Teast 350 FROTHE BhFosPPEicRi @ BYh (which may be
desi gnat ed t he pbBseflarably.r ahasiepnl s r eatiéionp Wideatad avbse apgei red from

155, chuck 76°] S Torgt ol SEQU Vbl 107 and"d0 1t BP9k 481 y the first and
| ast 20) is di sefgeded Al tereraekvelly, howseer theheeveawer se
rotation of step 151 may be omitted, as long as data
are recorded through at least 360°, and if data are
recorded through more than 360°, then any amount of
15 rotation greater than 360° may be used and any
portion -- all at the beginning, all at the end. or any
combination of beginning and end -- may be discarded to
provide 360° worth of data.
At step 153, the data gathered in step 152
20 are examined, and the angle A corresponding to the
maximum load measured by load cell 8! is determined.
If desired, the load as a function of angle may be
graphed for display. Next. at step 154, the startc |
angle S, for use in planar oscillation plane location
25 test 143, is set to A-90°. This takes inte account the
change of orientation from vertical to horizontal as
between the load test 141 and the planar oscillation
plane location test 143, as described above,
After the conclusion of load test 141, "logo
30 up” test 142, shown in detail in FIG. 16, may be
conducted. The purpose of "logo up" test is primarily
To provide a "before” comparison to the "after” result
to be obtained after performing planar oscillation
plane location test 143. Therefore, as stated above,
35 “logo up" test 142 is optional. In particular, while

"logo up” test 142 may be used primarily as a

are saved



rotation of step 151 may be onmitted, as long as data are recorded through
at least 360, and if data are recorded through nore than 360, then any
anount of \%ﬁ 5/2 q.}i on greater than 360 may be used and any portion -- all

at the bedlni }gz all at the end, or any conbination of bebfHHPMY3EEd end
-- may be discarded to provide 360 worth of data. At step 153, the data
gathered in step 152 20 are exanined, and the angle A correspondind B B0V A
maxi num | oad neasured by load cell 91 is determined. |If desired, the | oad
as a function of angle nay be graphed for- dsplay. Next, at step 154, the
start angle S, for use in planar oscillation plane |ocation 25 test 143,

is set to A-90. TPhHPR RigRels topt oiraet orffiferrérdet chimvgsi@f -orientati on from

vertical to horizgnialsiasciBetdeenet he Loagteste ldd-andethe planar
-oscillation plane |ocation test 143. as descri bed above. After the

concl usi on of | o&BTREEE Bufealignjse JG apei e5t2 8827 <Bwi in detail in
FIG 16, may be acoathietetithhehepUrROReeRf itl SgdaUpy RSt Aok peimarily to
“provide a "before" éqir;rpari SQn t% t he f"after" result to,be obtained after
perform ng pl 2nat 88ctl F AT N PiPaf TEe R i Bn PR °T9Es TR §fore, as stated
above, 35 "| 0Qgoalipgnedésgol421uts .Optda@nal theka ambi ceddake adaiwl e "1 ogo up”
test 142 may be ggggar%rcg\p@rdgjcg as a WO 00! 71211 PCT/ US00/ 13868 10 NOV 2003
- 27 pronotional tool in an aftermarket situation -- i.e.. by a golf club
refitter -- to show t he inpregementtessbl 44 hediryy arestapghbhghehe shaft of a

gol f club in acegigdance WP e imvention,, ida,Probakley,woul d not be 5
used by a golf club manufacturer who produces "Spine- aligned" golf clubs,

because t her é0i s "RBOYEefr T2 BN Stdhpat atlipfed dat ahuel o Jp itest 142
begins at step 168dwWieleousy9ldeetl phrsbafd bhpredshi ghur agab N, My have been
10 removed from gh :th:I f1 lgliléb;’:lalncsedp!i_r?'cc%gci n76c QHCtEEYSémel forliéntation
in which it was oriented in the golf club, as the club
would have been positioned by a golfer adjacent a ball
15 before the start of the golfer’'s swing. In most cases,
this would be with the manufacturer’'s logo facing up.
but scometimes the loge faces down or in a random
direction. If test 142 is being performed on a golf
club shaft that has never been part of a golf club,
20 then preferably it is tested with its logo up. Tip
mass and sensor assembly 77 is then mounted on tip 112
of shaft 110.
Next, at step 161, an impulse is applied to
Tip mass and sensor assembly 77 in one of the ways
25 described above and orthogonal -- preferably,
herizontal and vertical -- acceleration data are
gathered, preferably for about 4 seconds. These data
preferably are integrated at step 162 to yield
orthogonal -- preferably horizontal and vertical --
30 displacement data as functions of time, which
preferably are saved at step 163 for later comparison
with the results aftrer spine—alignmgnt of shaft 110,
and the data preferably also are graphed at step 163
for display to the owner of the golf club of which
35 shaft 110 is a part. The maximum ocut-of-plane

displacement -- i.e., preferably the maximum vertical



had previously been part of a conpleted golf club, shaft 110 is placed in
chuck 76 in the sane orientation in which it was oriented in the golf

club, as t Fﬂ] woul d have been positioned by a gol fer adjacent a ball
15 before the start of the golfer's swing. In nost cases, PETASMELASAES be

wi th the manufacturer's |ogo facing up, but sonetines the |ogo faces down
or in a random direction. If test 142 is being perfornmed on a golf lﬁ@vbﬂm
shaft that has never been part of a golf club, 20 then preferably il i
tested with its logo up. Tip mass and sens@g assenbly 77 is then nounted
on tip 112 of shaft 110. Next, at step 161. an inpulse is applied to tip
mass and sensor &3SefrlepeT? i-npostereblit he atayssaAradesddepersabove and

orthogonal -- preferal orhzantal and vertical -- acceleration data are
gat hered. preferably fé%ia)ébout 4 segjéhdgés%hééelsdé’f"é’l “PPeFeTably are

integrated at step 162 to yihél @ysemt Progonadceeds proepaadsl y hori zontal and

vertical - 30 di sptarcenrsph glaha Rsfunctignsof ting, which preferably are
saved at step 16% Eorj ater conparison wth the results after
spi ne-al i gnnent 6f°shdrt 450 . 43 ATaTEhetdater prefeeadlay cabmmrade graphed at

step 163 for di splautthelihe ewnekoof Mehe gol fog wh; of ki g 35 shaft 110
is a part. The naxiﬁg%}j%t-of- an di spl acenent -- i.e., preferably the

maxi mum vertical - hi US00AT3SFETED WOF'2FU8 T apgledi spl acement

-- preferably isSapswvisaskd caipsieap 163no fstbrdispha)s has the,owner. Test 142

i's now conplete. syst t_proceeds to planar oscillation plane
| ocation test 143, gAh:teshov{\%q}g sﬁ‘? = 17,7 35‘?3{3?5“6’&??5 at step 170 where

a counter J 9 is i nitialli Fedster ¥87.017 Neot pasd =steg@entdd. chuck 76, stil II
hol ding shaft 11@ssdn®1y0tAtked AR bAK 18L&y v8O9 Riached to wip 112 |

it is attached, and in any case an impulse is applied
To tip mass and sensor assembly 77 in one of the ways
described above and orthogonal -- preferably,
15 horizontal and vertical -- acceleration data are
gathered, preferably for about 4 seconds. These data
preferably are integrated ar step 173 to yield
orthogonal -- preferably horizontal and verctical --
displacement data as functions of time. At step 174,
20  the counter J is incremented by one. At test 175, the
System tests to see if J=1. If, as on this first pass,
J=1. then the system skips directly To step 177.
At step 177, the system sets a variable !
YMAX(J) equal to the maximum out of plane deviation
25 wvalue from step 173. The system then proceeds to
test 178 where it determines if J=1, meaning it is the
first pass through the loop. There preferably are
always at least three passes through the loop. If at
test 178 J=!, then at step 179 the angle S is |
30  incremented by 10°. At step 1700. in order to keep S
between +180° and -180°, if S»>180°. then S is setr to
S-360°. Next, at step 170!, the frequencies of the
horizontal and vertical oscillations are determined;
this may be done from the displacement-vs.-time data

35 from step 173. Frequency data are commonly used To



S previously conmputed. If no start angle S has been conputed, test 143
starts at an arbitrary angle. At step 172, if tip massiand sensor assenbly
77 has n%09§/%$5pusly been attached to tip 112 it is att so0ASdsi N any
case an inpulse 1s applied to tip nass and sensor assenbly In one of the
ways descri bed above and orthogonal -- preferably. 15 horizontal and
vertical -- acceleration data are gathered, preferably for about 4 1 (NOV 200
seconds. These data preferably are integrated at step 173 to yield
orthogonal -- preferably horizontal and veffital -- displacenent data as
functions of time. At step 174, 20 the _counter J is increnented by one. At
test 175, the &§&twif TRS1SITD S6e T BRIL1S1YPf PSS o P ENFE*Fi rst pass, J=1.
t hen the systemdski psediéeRll| Jort @ompRsdA7. At Step 177. the systemsets a

-.variable YMAX(J) equal to _the maxi out of plane deviation 25 value
fromstep 173. The systemYHgh sﬁFBCg}ebg]s ‘%{'be tség{)e"i%o%g?% it deternines if

J=1. neaning it skeptir@. &na steppaddzt hough ckheiddoop: aghere preferably are

.always at | east three passe r.augh, t h p f Le 178 J=1. then at
step 179 the%ang e llmg'B%E i%ﬁ%{lel?rgn%eld 941%8: siép slt%er}:hﬂ zIOt.a in order to

keep S between fre8Gtardl 73180 defveSIg0e wivwnaHlesSse@ndtee S-360. Next, at

step 1701, the freguenciesQf.d Rephor zofdal, and-yentkcal oscillations are
determ ned; this nmay be done fromthe displacenent-vs.-tine data 35 from

step 173. Frequéntirtdgt BMard) ctim#BhI SAUas kP B VIB*6D4 £21 1°TPCT/ US00/ 13868 10
Nov 2003 - 29 nmasdiRviieiont tdfiressobegolif7ac] ubishamtsac and these data

are useful far conparjson, After step 1701, the syste ops back to step
172, ,and stdffs 7St 117@ Fb &at TS %e‘“aﬁlé‘fcﬁ.egstc*r%f%t gﬂ’rg,‘”‘%at test 175 J#1,

and at step 176 debermdatkaif fJrom Shephils/ 3ecasrel pasved]al ang wet h angle S, and
the system proggeds, (.0,3L8R 4d Tesf ORI &L G2kEMLTsr

YMAX (J)>YMAX(J-1). If not, that means in this

iteration the out-of-plane excursions are smaller.

15 meaning the angle 5 is closer to the preferred
orientation -- i.e., to the planar oscillaticn plane --
and at step 1704 the variable SICN is set to +1, the
variable Y is set to the value of YMAX(J)., and the
variable AMP is set to 1.0, and the system proceeds tTo

20 step 1706. If at test 1703 YMAX(J}>YMAX(J-1). that
means in this iteration the out-of-plane excursions are
larger, meaning the angle S is further from the planar
oscillation plane. and at step 1705 the variable SIGN
is set to -1. the variable S{(J) is set to the value of

25 S{J-1), the variable YMAX(J)) is set to the value of the
variable YMAX(J-1) and the variable Y is then set to
the value of YMAX{J). and the wvariable AMP is again set
to 1.0, and the system proceeds to step 1706. Note
that in either step 1704 or step 1705, AMP can be set

30 to a higher value to cause the result to converge
sooner, but with lower accuracy, while setting AMP
lower increases accuracy but increases the number of
iterations before convergence. This is a trade-off
between speed and accuracy.

35 AT step 1706 the system calculates the

variable POP=SIGN(45- (90/m)cos (Y/AMP)). and at step



vari abl e YMAX(J).is set equal to the maxi num out of plane deviation value
fromstep 173, This tinme-at 10 test 178 J'1. and the system proceed to test
1702 to wa@vine if J=2. On this second pass, J=2 and thepcEH§iRtkes
proceeds to test 1703 to determine if YMAX(J)>YMAX(J-1). If not, that

means in this iteration the out-of-plane excursions are smaller. 15

meaning the angle Sis closer to the preferred orientation -- i.e.,1080Y 803
pl anar oscillation plane -- and at step 1704.the variable SIGNis set to

+1, the variable Y is set to the value of WX(J), and the variable AW

is set to 1.0, a e 0 O 28ystep 1706. Jf af zest 1703
IYMAX(J)>YMAX(J-1§}fb7§ Egt S‘)‘L"%gnmép?n%f%%? 1::‘tgr g?]?ongf e BU{J—ng'-b'T ane

excursions are Pzisger? kreand mygcrern andle asdis1800r tifef>famWm t he pl anar

oscil |l ation pl angseraRd;Atscst€P 175 t he, vaLjiabl e NI Soset, to -1. the
variable S(J) is seet tB tﬁe val ue of 2518(J-1 , tﬁée gl?ilag e JYrMA\X(J) is set

to the val ue of PFET FArKeEBI PeMSqy +150aRad t HEOY arifabt€l8?°i s then set to
the val ue of ¥Metah) S andethe vasi@hl eTHAVB, i Serf@Rid 188k §o1. 0. and the
syst em proceeds to step 1706'1 Ngte 1 ha} in either step 1704 or step 1705.
AMP can be set 30-Fo'A hi'§hetVafde s CHOLY TRE rd€uPtca 88&Bhver ge
sooner, but w t hdopwepadccdraey, 1 Wi | BheetindgcAMRe kRWer ph&cr eases

accuracy but increases f-Re;pumier of it [ before convergence. This
is a trade-off {)et ween speefc;'ngﬁél agccéﬁ?%ﬁ;ag 3%%; ?”sc{ é_‘%els?"ﬁée’? he system

cal cul ates the afdvenapt ecPEPESI G (45deqe@@irg Jifcos-1 (Y/ AMP)) , and at step

WO 04/ 71211 RCT/WgRQ6L3RAR (LA )NOM 2003, ¢ 30.,, 1707 Llie. vglue of Sis set to
S+POP. At step 1708, in order to keep S between +180 and -180, if S>1800.

then S is set tdBYSEH"ES M9 ZPF \BYSEE™ Srepeedr09e test bfldereto keep S
bet ween +180 andiet:BMind fif Skhel 80k Bt PRheSeksursebn I BH36Qsc The system then
returns to step _1701. to(gﬁ)&gl_ﬁt)eigh&gfgrg}gﬁuenm es, and once_again

ireration n the maximum out-of-
plane excursion during the “logo up” test 142. If it

15 is, then the current orientation is the preferred
orientation, and at step 1712 the variable POP,
representing the preferred orientation, is set to the
value of the variable S, representing the current
orientation. AT step 1713, the shaft frequencies are

20 again calculated as in step 1701, and test 143 ends
at 1714.

If at test 1711, the out-of-plane excursion
on The last iteration {YMAX(J-1}) is not less than the !
maximum out-of-plane excursiocn during the "logo up”

25 test 142, then at step 1715, the variable POP,
representing the preferred orientation, is set to the
“logo up” angle. At step 1713, the shaft frequencies
are again calculated as in step 1701, and test 143 ends
at 1714.

30 If at test 1710, YMAX(J) »YMAX(J-1), then the
values have not converged, then at step 1716, Y is set
to the value of YMAX(J). The system then recalculates
POP at step 1706 and from there goes through the loop
at least one more time.

35 If optional "logo up” test 142 is not

performed. then if test 1710 indicates convergence,



| oops back to step 172. This tine, on the third pass, at test 178 Jot, and
at test 1702 J#2. and the system advances to test 1710 to determne if 10

YMAX( J) is, then the values are convergin and t he
system prmgﬂ}%o test 1711 to determne if the out-of- pI g’ﬁ'@}s@%?@ﬁ%i on on

the last iteration (YMAX(J-1)) is less than the naxi num out-of - [§IGENE 2003
excursion during the "l ogo up" test 142. If it 15 1is, then the
orientation, representing value of the orientation. current orientation
is the preferred and at step 1712 the varidblte POP, the preferred
orientation, is set to the variable S. representing the current At step
1713, the shaft fassqlié&ricieshar peXPragiiandceicalsitedras-sedsst ep 1701, and

test 143 ends atydZléyy ld-odteekbesi7ib7dd scbper Ayt - of - pl ane excursion on the
. last iteration (YI\/AX(Jy 1)) is not |less than the naxi mum out - of - pl ane

excursion during the "I ogo®tRs™ ?%“Hléétnglﬂéanatrh‘é#“altlaé’ccé‘pPlaF‘P:S the variable

POP, representingathen Qegtarqeedtr@r koAt pRRtecks ®LtefRct he "l ogo up”
angle. At step 1713, the sh frequencies are again calculated as in step

1701, and test 1RF37EHMs S8R alf?l erEOTHS VRfUSE of 4P TFHEIMAX (J) >YMAX
(J-1) , then thwamabmrhweaﬁetpmam&r(gm detégiinal step 1716, Y is set

to the val ue of §ystemft hen re Iculeat(gss deggﬁl%tedstep 1706 and

fromthere goes encesga%t}t he 1 oop at ‘Y'east” one nore optional "l ogo
up" test 142 is ﬂoad test 141) . load symmetry index (LSI). which is
a measure of the variability in stiffness of the shaft

10 (LSI=100(1- ({Ppox-Pmin) /Poax) ) . where P . and P, are the
maximum and minimum loads, respectively, measured in
step 152) . displacement plot at the “logo up” angle:
displacement plot at the POP angle:. displacement as a
function of time at the "logo up” angle and the "hard”

15 and "soft” POP angles (the latrter two should be exactly
180° apart): the horizontal and vertical frequencies
and the maximum out-of-plane excursions at the "logo
up” and POP angles; and a frequency index equal to the
ratio of the horizontal frequency at the POP angle to

20  the horizontal frequency at the "logo up” angle. which
is a comparative measure, in the form of a percentage
improvement, of stiffness in the hit direction as
between the original "logo up” configuration of the
gelf club and the spine-aligned configuration.

25 Next at step 145 the data are saved. In a
full save, all data are saved. There preferably is
also a "quick save” in which all the data printed in
step 144 are saved except for the complete load-vs.-
angle data and the complete displacement data at the

30  "leogo up" and POP angles. Following saving step 145,
process 140 ends at 146.

The process and apparatus according to the
present invention can be used as part of a larger
process or apparatus for assembling golf clubs, to

35 produce "spine-aligned” golf clubs. Thus. each golf

club shaft 110, having been marked with a reference



performed, then if test 1710 indi cates convergence, WO 00/71211 - 31
PCT/ US00/ 13868 10 NOV 2003 test 171] is not perforned and the system

proceeds woheeizhy fromtest 1710 to step 1712. After conpl eti r
oscillation plane |location test. 143, the system proceeds ?&Hﬂ%ﬂ@hf&?@

printing step 144 where the values of the followi ng data preferabl Y @@ﬁv 00
printed (and determned if necessary): load as a function of angle
determined in load test 141); load symretry index (LSI), whichis a
measure of the varlablllty |n stiffness of t¥e-shaft 10 (LSI =100 (1-
((P-Pné&n) /P.x)) P g and Pn_are the _maxi num and m ni num | oads,
respectively, rreasﬁ’lseacf f"np esdtegf)r“i’@?)j 1ofieSpPadEtBRtvpretTs the "I ogo up"
angl e:  di spl acefentcysinobs atret hisirROPbaiTreed dirS PhaRABRNLoraB1har! UNCLi ON Of

time at the "log ngl e " har d" 15 and "soft" POP angles (the
latter two shoul g’ ge lé%%a%l niB{ﬁmgﬁl’éE?rt $ THe "ROPTL &Rt HM19ISATE ver ti cal

frequenci es andthhe heasi m}#?butcaof b@lmﬁee@masgﬂrﬁcamb tz=Beemd19go up" and

POP angl es; apd g f{LfAUeRSE LRDEX £ to, atj 9,9of .the horizontal
frequency at the POP angle to 20 trhﬁe]'k%(‘)apl zo%n%gﬁf# requency tfa? the "logo up"

angl e, which is2®8dcHtfararsientisasgadl ik wech dirhﬂ 9}blrae per cent age

i mprovenent, of sliddmessiiiacidie phite Prbestday %SIQ%%%P the original
"l ogo up" configuration of the golf_ club and the spine-aligned

configuration. 2BSNEXEIGHIa ED T&Sg?]ffeca‘a"f d25re Lepeadinencn theyul | save, all
data are saved. Fhmtaverﬁeeﬁabiwpnsnarabs@lﬂa;tqah G ap@VRicak ingthi ch all the

data printed;jn , II§ cffag c%zrinverde xcept foé‘ft e corrpl ete load-vs.- angle
data and the’ conpl'e te Lc’ls ScemeRt data atc &R U BYE™PY and POP angl es.
Fol | owi ng savi ngsm@ﬁnl@re pr deess pl4faengsiadlatié. plde process and

appar at us accor di fhifg L& HLEE N JBY NI QAR AN BE #a%egeas part of a

| ar ger
appropriate. can be provided. Thus, several planar

" oscillation plane location stations 60 may be used to

15 feed a single golf club assembly station. A hopper may
be provided at the golf club assembly station to act as
a buffer in case the assembly station slows down or
Stops, ©r is not ready To accept a new golf club
shaft 110 the moment the shaft arrives.

20 The golf club assembly station preferably is
equipped with a scanner for identifying the mark made
on golf club shaft 110 indicating the location of the
planar oscillation plane. Once that mark has been i
identified., shaft 110 is rotated so that the mark is in

25 a predetermined orientation for the type of golf club
head to be attached to shaft 110, and that golf c¢lub
head is held in a predetermined orientation as
shaft 110 is assembled to the golf club head.

Alternatively, each golf club head could be

30 provided with an alignment marking to which the marking
on golf club shaft 110 must be matched. A scanner
scans for the alignment marks on both shaft 110 and the
golf club head and rotates shaft 1]6 until the Two
markings are aligned. This eliminates the need for the

35 golf club head holding mechanism to "know" a specific

orientation in which to heold each different type of



process or apparatus for assenbling golf clubs, to 35 produce

"spi ne-aligned" golf clubs. Thus, each golf «club shaft. 110, havi ng been
marked with a reference WO 00171211 PCT/ US00/ 13868 10 NOV 2003 - 32 mark
at a preddY@P¥yReEH | ocation relative to the |ocation of thRCEpPBEN3ISES
preferred orientation, or planar oscillation plane (whether or not marked
to indicate the "hard" side), can be passed to a golf club assenbl ¥ NBY 2003
station where the marking on the shaft is identified and used to assenble
a golf club with the spine or planar oscilkation plane preferably
substantially perpendicular to the golf club face. Depending on The

rel ative speeds @biplanarhascrbt athgnapkanshl efatbiaiked Lafpparat us 60 as

conpared to the If cl ub assepnbl station, nore or fewer planar
. oscillation pl an SYECat 7 3’ g? gHg h5Pd aSWe B 326t 3t FBﬁssa"ﬁ’s may be

appropri ate, canobEerp:mwmrdedndwashaﬁeueoais prandl cnsei rdation plane

| ocati on stations_60 y he _us 5 feed SI ngl ol f ub assenbl y
station. A hoppeF-js’?r‘waaﬂilbqabes't%prf(%)vfal ed 2 a’gbt eG6 1gb&aegse%lln§ Station to act

as a buffer Pn ehafr tIhe aasisehdimprsira pontrsal ev\lsf @0wn herd steops, oOr is not
ready to accept Qlﬁ@dggéffovgl s, sshafd ;lpolfn@@ IPRROL, &Qe ﬁ%aft arrives. 20

The gol f club asse station prefera y IS equlppe a scanner for
i dentifying the h&?% made on golf club shaft 110 indicating the | ocation

of the planar oscillationapbangus Qe rbhalsomknfago1Beeilns dgntified,
shaft 110 is rotated so that the mark is in 25 a predeterm ned orientation

for the type of BofT 9EPTD VihBadet BrHE at IWEREH™ dSsHPMP ¥10, and that gol f
club head i $0heFHcd nia praedet emabmuerimlha&jlmasa& sbadd ohd0 i s assenbl ed
to the gol f club heae}%tus,%o rnati )y, eacQ ?Olfﬁi b head coul d be 30
provided with an”a1 gnnent narki n ThHe® "G Dol f club shaft
110 must be rnatCthpleApgcﬁyﬁﬁpg 110 from apparatus 60 and dep051t1ng

them in a hopper 182, a feed mechanism 183 for feeding
each shaft 110 from hopper 182 to assembly station 184,

15 and assembly station 184 itself.

At assembly station 184, feeder 183 including
arms 185 connected to a moror (not shown) delivers
shaft 110 to chuck 180. similar to chuck 76, which
rotatably holds shaft 110 from its proximal end.

20 Gripper 181 holds a golf club head 192. which may or
may not bear an alignment marking 193; if there is no
alignment marking 193, golf club head 192 is held by
gripper 181 in a known position, which may differ for
different types of golf club heads. A scanner 1954

25 scans shaft 110 for marking 195 as chuck 190 rotates.
When scanner 194 identifies marking 195, processor 61
instructs chuck 190 to align marking 195 with alignment
marking 193 located by scanner 196, or with =a
predetermined orientation for golf ¢lub head 192.

30 Chuck 190 and gripper 191 are then moved together by
moving one or both thereof, and shaft 110 is joined to
golf club head 192 in an otherwise conventional way,
using whatever adhesives, ferrules, etc. as may be
necessary.

35 Thus it i1s seen that a method and apparatus

for quickly and reliably determining the preferred



scans for the alignnment marks on both shaft 110 and the golf club head and
rotates shaft 110 until the two markings are aligned. This elimnates the
need for W?' pl f club head hol ding mechanismto "know' a specific

[

orientati on 3 ch to hold each different type of WO 00/ 7REEA/S00/13868

PCT/ USO0/ 13868 10 NOV 2003 - 33 golf club head for alignment wth the

mar ked shaft. Instead, each golf club head can be held in the sa
orientation, and as shaft 110 is brought close for assenbly, shamNP%m@an
be rotated until the marking on 5 shaft 13034and the marking on the golf
club head are aligned before shaft 110 is joined to the golf club head.
Appar atus 180 f oF"EHESENBT ISTGHUIT o€l uBs1f rFlubcefdarme Wet hustihe present

invention i s showhe idetdBmfaGSon L8 @#ﬂ'l-{-jplgfer’%@gaér%tugér 189 hngl,udes at | east
one apparatus 60 (one shomn} a conveyor 181 for renoving conpleted

shafts 110 from SpPararasisd )ér?&sﬁ'étblﬁsﬁf’}%gl“'t’ﬁé’ﬁﬁ’n‘fa&hhopper 182. a feed
mechani sm 183 foreémdm@ goeAGdLus ha{drc1déhdicomNQpRerg 82 to assenbly
station 184, 15 a z;gge{rbl){ ste%tleé)n 184 |bt §elf At assenbly station 184.

f eeder 183 i ncl ud| g ar s 185 CoRnec et o TaCHofET Rrsidhown) delivers
shaft 110 -co ch@resk sk90ledsiini trar 2to veAUCKPF65 1aMai €}|ib1: Itﬁéq&r&bbm: hol ds shaft
110 fromits pr OﬁdmklgrannZQe GrLPRer lr%; ?gl}dstha olf.club head 192, which
may or may not bear an alignment nark ik o eree&i"csrlno al i gnment
mar ki ng 193, gol $"FEBeHEad Ty pee Wé?ﬁewd frd ppavose@lef n a known

posi tion, which maysdidd@n &1 noflidf @ERMart YRS ciOLELl b heads. A
scanner 194 25 scans shaft 110 for marking 195 as chuck 190 rotates. Wen
scanner 194 1 dentTFME8hdPkt HY 195 15r Be &80t 18 Ts strimdidsvehuck 190 to
align marking 195 with alignment marking 193 | ocated by scanner 196, or
with a predetermned orientation for golf club head 192. 30 Chuck 190 and
gripper 191 are then noved together by



novi ng one or both thereof, and shaft 110 is joined to golf club head 192
in an ot herw se conventional way, using whatever adhesives, ferrules, etc.

as may bewgwesssary. 35 Thus it is seen that a nethod andwg&_ﬁ?a for
quickly and reliably determning the preferred WO 00/ 71211 /' US00/ 13868

10 NOV 2003 - 34 angular orientation of a golf club shaft, and for using
the determination of the preferred angular orientation to automati Ny
assenbl e golf clubs with each respective galf club shaft consistently
aligned 5 relative to the respective club’ fce, are provi ded. One skilled

inthe art wll i _the present invention can be practiced by
8 FE s Stbad

ot her than the descr ments, which are presented for purposes of
illustration and not of |imtathorchandt hecpmessig a21frdfavest ion is |limted

only by the ol ai gm4hi ch.Lald.ow, ¥D.00111243 PLIAUS00/13868 10 NOV 2003 -
(0)

35 WHAT IS CLAI I'S: 1_ A net hod etermning a preferred angular
orientation of algekifuddrab xtiaf thaalsolit said|gmidi ¢+ mhdfaxksineher eof , said

.golf club shaft m@%ngnaaaem%—r@éipﬁmg BQr 2 Goh PR NG4DY A<0Q) fer and a
distal 5 end for attachment to a golf club head, said method conprising:

i mobi 1i zi ng & f$15feDMEBIP"SAF ° fr 6% Ingl e hgeand=3ditetdPrst al end of said

golf club shaftcomptOsikp:5 initiating vibratory notion of a second one of

said proximal end and said distal end of said ,
immobilizing a first one of said

proximal end and said distal end of said golf club
shaft;
10 initiating vibratory motion of a second
one of said proximal end and said distal end of said
gelf club shaft in a direction other than parallel to
said longitudinal axis.
analyzing said vibratery motion. and
16 calculating frem said analyzed vibratory

motion said preferred angular crientation.

2. The method of claim 1 wherein:
said first one of said proximal end and
said disral end of said golf club shaft is said
proximal end: and
5 said second one of said proximal end and
said distal end of said golf club shaft is said distal

end.

3. The method of claim 1 further comprising
mounting a reaction mass on said distal end prior teo

said initiating.

4. The method of claim 3 wherein said
initiating comprises applying an impulse to said golf
club shaft in a direction other than parallel to said

leongitudinal axis.



golf club shaft in a direction other than parallel to said |ongitudinal
axis: analyzing said vibratory notion: and calculati'ng from said anal yzed
vibratory“ng&hhgn said preferred angul ar orientation. 2. The net hod of
claiml wherein® said first one of said proxinmal end and sBFEU§PEEESE end
of said golf club shaft is said proximal end: and said second one of said
proxi mal end and said distal end of said golf club shaft is said qgﬁﬁal
end. 3. The nethod of claiml further conprising nounting a reacti e 203
on said distal end prior to said initiating361. The nmethod of claim3
wherein said initiating conprises applying an inpulse to said golf club
shaft in a direction other 5t hanTparwtthet afoctaind 4 kongiihuskaal axis. WO

00171211 PCT/USC;&;@@Q%E;piNQMsgog§mﬁi§gg:5. The met hod of claim4 wherein
said applying an inpulse conprises: displacing said distal end of said

golf club shaft in a directiondoNerirharipadeitadl enchofasatidsgpbhgi t udi nal
axi s: and rel easéng saift dhsplaces: @nstaleretfhn GardRinet hod of claim |

wherein said .injtiatin onprises applying an inpulse to said golf «club
shaft in a di?ec%?ﬁﬁxﬁ? éﬁ THdi patallel to said longitudinal axis. 7. The
met hod of claim6 wherein said rappsyhfigszan digpukeed eaBpsl s2g:. di spl aci ng
said distal end of said golf club shaft in a direction other than parall el

to said 5 longitudinal axis; and rel easing said displaced distal end.
6. The method of claim | wherein said

initiating comprises applying an impulse to said golf
club shaft in a direction cther than parallel to said

longitudinal axis.

7. The method of claim 6 wherein said
applying an impulse comprises:
displacing said distal end of said golf
club shaft in a direction other than parallel to said
5 1longitudinal axis; and

releasing said displaced distal end.

8. The methed of claim ] wherein said
analyzing comprises measuring displacement over Time of
said distal end in at least Ttwo directions other than

parallel to said longitudinal axis.

9. The method of claim 8 wherein said two
directions are perpendicular to each other and to said

longitudinal axis.

10. The method of claim 8 wherein said
calculating comprises calculating based on said

displacement measured over Time.

11. The method of claim 1 further
comprising:

deimmobilizing said proximal end:



8. The method of claim 1l wherein said analyzing conprises nmeasuring
di spl acenent over tine of ‘said distal end in at |east two directions other

than pargll said longitudinal axis. 9. The method of i erein
said two %&D(ra}gé%]i?ons are perpendi cular to each other and tgﬁjg(fgsg&f%sw

| ongi tudi nal axis. 10. The nethod of claim8 wherein said calculating
conpri ses cal cul ating based on said displacenent neasured over ti1nﬂ3NDV1?ﬂﬂ3
The nethod of claim| further conprising: | deinmobilizing said proxina
end; WD 00/71 2 11 PCT/US00/ 13868 10 NOV 23033-- 37 rotating said shaft

t hrough an angul ar 5 displacenent about said |ongitudinal axis:

rei mmobi lizing said proxi mal entPT2aAtR SPAF tSPRETF e '$UB8 RjudnBU A br at or y
motion of saf d gisphadenRAt Dousaidagdbdgicladnashatis;in a direction other
- than parallel to said longitudinal 10 axis; wherein: said analyzing and
said calculating are based al ST ORCREFE@FEGuUrt* e braford ot i on. 12.
The nethod of claim 1l further irceAptiry Bgbddqeeat ivigrsadrd dedisarobi | i zi ng,
said rotating, said rej il zi and idinitiating. wherein said
anal yzi ng and safd &3 (EJ&F%I?I r‘?ﬁdaorg;gﬁéqséﬁﬁg C%”éos%anf%eéﬁﬁa sai d subsequent
vi bratory noti ondirgntidn oslerdtioal pelatlisigrecrver jegiondsaid preferred
angul ar origptatjqQn. ,10.13. The method of claim1 further conprising

marking a visible indiciumon said golf club shaft to indicate said
pr ef er red angul ar OI’I ent atl on. said analyzing and said calculating are

based also on said subseguent vibratoery motion.

12. The method of claim 11 further
comprising iterating said deimmobilizing, said
rotating., said reimmobilizing and said initiating,
wherein said analyzing and said calculating are based

5 also on each said subsequent vibratory motion. until
said calculating converges on said preferred angular

orientation.

13. The method of claim ! further comprising
marking a visible indicium on said golf club shaft To

indicate said preferred angular orientation.

14. The method of c¢laim 1 further comprising
locating a hard side orientation by:
displacing said distal end, in a
direction other than parallel to said longitudinal
5 axis. to a displaced condition;
rotating said proximal end through at
least about 360° of angular displacement while
maintaining said distal end in said displaced
condition,
10 measuring force tending to restore said
distal end Ffrom said displaced condition during said
rotating, and associating measured force with angular

displacement.: and



14. The nethod of claim1l further conprising |locating a hard side

orientation by: displacing said distal end, in jireqtion ot her -than

parallel to said longitudinal 5 axis, to a di SEIG ed_,go@(ﬂts)}o_g? %%i ng

said proxi mal end through at |east about 360 qu%gr di spl“ate whi | e
n:

mai ntai ning said distal end in said displaced Urﬂa@ﬁ}NQ@Jf orce
tending to restore said distal end fromsaid displaced condition ring

said rotating. and associating measured force with angular displ-akb8N8WQZE03
and PCT/ US00/ 13868 |POS 0 4 JUN 2001 10 NOV 2003 - 38 identifying as said
hard side orientation an angul ar displ acehent associated with ~maxi mum
nmeasured force. 15. The net hongl;mcl aiim 1;1 whe{gig sgi diclié)cati ng is
performed after said cal cul ating 167 *TRe*Rethod oF ol alTh 14 wherein said

| ocating is perhoEemsagtprnopnt engaildri dweblecenagr dFsodirwtaketioth of claim

16 wherein sai ¢ di.fgctlkan ofgsald.Lnitiating of said vibratory nmotion is
said hard side orientation. 18. A nethod of determning a preferred

angul ar orientation of a golf club shaft about a |ongitudinal axis

t hereof, said golf club shkaft ThavihBgnod Proxidwh endvddreOf ipiang by a
golfer and a distal 5 end For atta hnﬁnt to a gol{ Lﬁ%b_ head, sai d net hod
conprising: | od&FNG 8 RSr 88T GE™GFi BhEETi B By TMdbt 8 zing a first one
of said proximal end and said distal end of said golf club 10 shaft,

di splacing a second one qf sairfPLOXhIA of claim 14 wherein said

locating is performed prior to said immobilizing.

17. The method of claim 16 wherein said
direction of said initiating of said wvibratory moticn

is said hard side orientation.

18. A method of determining a preferred
angular orientation of a golf club shaft about a
longitudinal axis thereof, said golf club shaft having
a proximal end for gripping by a golfer and a distal

5 end for attachment to a golf <lub head, said method

comprising:
locating a hard side orientation by:
immobilizing a first one of said
proximal end and said distal end of said golf club

10 shaft,

displacing a second one of said proximal
end and said distal end, in a direction other than
parallel to said longitudinal axis, To a displaced
condition,

15 rotating said immobilized end through at
least about 380" of angular displacement while
maintaining said displaced end in said displaced
condition,

measuring force tending to restore said

20 displaced end from said displaced condition during said

rotating, and asscociating measured force with angular

displacement, and

AMENDED SHEET



end and said distal end, in a direction other than parallel to said
longitudinal axis, to a displaced condition, 1 gtatirng said immobilized
end through at |east. about 360" of angul ar di s“;éa'ﬁ e loqm )

~mai ntaining said displaced end in said displaced cond™io ,/niégr

force tending to restore said 20 displaced en i gi N?é:ed
~condition during said rotating, and associ ati nfms‘:d%f rjlg Bm angul ar
di spl acement, and AMENDED SHEET U O f 13 1P $ 6 8 S 0 4 JUN 2003 glov\im
2003 - 39 identifying as said hard side _orientation an angul ar

di spl acenent associated with 25 maxinum¥reasure force; immobilizing a
first one of said proximl e andfsaid distal ,end of said golf club
shaft; initiating vibratory notron of ~38satonat 3P TheBI° sai d proxi mal end
and sai d di st alerarrohteftisal engehgutkubdshpl4cemenc dasesti=oredivhigth t han

paral l el t®s5 sald . .ERoitudinal axis, analyzing said vibratory notion; and
calculating fromsaid analyzed vibratory 35 notion said preferred angul ar
orientation. 19. The net hod of™BPRIKLIB S U7 tTrerseorpt ikl mpichl i gning said

i mobi | i zed goldrdivial ehal bn8oshhat aasps edeterdF nat Angilar-1Qrd entation is
in5 a presel ec&%% angul ar position relative to said |ongitudinal axis;
initiating a sé& dvi bratory notion of

initiating vibratory motion of a second

30 one of saijd proximal end and said distal end of said
golf club shaft in a direction other than parallel to
said longitudinal axis;

analyzing said vibratory motion:; and

calculating from said analyzed vibratory

35 motion said preferred angular orientation.

19. The method of <laim 18 further
comprising:
aligning said immobilized golf <club
shaft so that a predetermined angular orientation is in
5 a preselected angular position relative to said
lJongitudinal axis;
initiating a second vibratory motion of
said second one of said proximal end and said distal
end in a direction other than parallel to said
10 longitudinal axis;
measuring frequency of said second
vibratory motion in a selected direction;
realigning said immobilized geolf club
shaft so that said preferred angular orientation is in
15 said preselected angular position relative to said
longitudinal axis,;
initiating a third vibratory motion of
said second one of said proximal end and said distal
eﬁd in a direction other than parallel to said
20 longitudinal axis;
measuring frequency of said third

vibratory motion in said selected direction; and

AMENDED SHEE™




sai d second one of said proximal end and said distal end in a direction
other than parallel to said 10 |ongitudinal axis;_neasuyring frequency of

said second vibratory notion in a selected di req@&on#ﬁaﬁi ni said "’
H ar r/f%

“imobilized golf club shaft so that said preferre @ig)ﬁis
in 15 said presel ected angul ar position relati y d . l,ongiiudipa
~axis; initiating a third vibratory notion of SLPEandO)4eJnﬁNngg
proxi mal end and said distal end in a direction other than parall-el to
said 20 | ongitudinal axis; neasuring frequency of said third vi @ﬁw?ﬁm
nmotion in said selected direction; and AMERDED SHEET PCT/ US00/ 13
| PEA/US 04 JUN 2001 - 40 10 NOV 2003 cal culating a frequency index as a
ratio of said frequency of s&Pd“EAFFAITEi BrArBRYSHoY | Bt P25 Fd-e

frequency of saifd=saecortegyubnatopy satdofhi28. vIibeateihastboforelws m 19
wherein said initiating a third yibrator rmtli)on and neasuring frequency

. <, ernc: Second v rato . yoi .
of said thiTd vVibratory motron occur arter. Sard rmtiating a second

vibratory notion and neasuring 5 frequency of said second vibratory notion.

21. The method of claim 39 whepei pesabd obNLiLlahing whdhifd yifyatory
notion and neasuring frequency of said third vibratory notion occur prior

to said initiaftfig*aT$e8oRd Pibrat dPy2RBYY ofCake: 2 utsaR* T8 8 r equency of
sai d second vi rakboehc§obiroBaid2chihe VBbhad-0) fdbalsn I-whersidesai d
presel ected angul ar '%Q%iit itcin is substgnt i_gl Ig vertical. 23, The net hod of
clai m 19 wher ei"A Sai 0 - SeFectBd2dF PRt T on T 5= sUb¥t AP 14t 1 D AITTIHTRE 24,

The net hod &f dirsamebeywdr ekndsagdond vibratory motion.

21. The method of claim 19 wherein said
initiating a third vibratory motion and measuring
frequency of said third vibratory motion occur prior to
said initiating a second wvibratory moticon and measuring

5 frequency of said second vibratory motion.

22. The method of claim 19 wherein said

preselected angular position is substantially wvertical.

23. The method of claim 19 wherein said

selected direction is substantially horizontal.

24. The method of claim 19 wherein said
predetermined angular orientation is determined by a

manufacturer logo on said golf club shaft.

25. Apparatus for determining a preferred
angular orientation of a golf club shaft about a
longitudinal axis thereof, said golf club shaft having
a proximal end for gripping by a golfer and a distal
5 end for attachment to a golf club head, said apparatus
comprising:
a clamp‘for immobilizing a first one of .
said proximal end and said distal end of said golf club

shaft;

AMENDED SHEET



predeterm ned angular orientation is determ ~manpufagtar, | ogo on
said golf club shaft. 25. Apparatus for det nga p"re;g-rajﬁggngul ar
‘orientation of a golf club shaft about a Imal ‘axi s thereof, said
gol f club shaft having a proximal end for by(Qad JUN&DGInd a
distal 5 end for attachnent to a golf club head, said apparatus
_conprising: a clanp for imobilizing a first one of said proxi ma} 0NGY 283d
said distal end of said golf club shaft: AMENDED SHEET PCT/ US00/ 13868

| PEA/ US 04JUN2001 1 a NOV 2003 - 41 10.1f/ a vibration generator for
initiating vibratory notion of a second one of said proximal end and said

distal endiof said golf club shafbribidn ginaeddan Rirfhanitharipgrallel to
said longitudinal axis; at | easf one sensor for_neasuri ng( saiid vibratory

motion; and a Proc8sSEY FEF A1 Qul At TRGTT TR S &1%d SHEds i &8 Vit &°6ry not i on
sai d preferredaangekard disealatndnef 26aid e ppanat ud=gfc alraiam 25 wher ei n:

sal d clanp | Mol Lges, Salflepr olimba £0h o Ol Saldl LA Ll shaft: and said
vibration generator initrates 5 vibratory notion of sal istal end of said
golf club shaP#3s27. The apparatus of claim25 further conprising a
reaction mags for nmounting onzfaidadt s&d sSHbPrARN re@sSRi6hg Bialibat i ng by
sai d vibration .%enerator. o

VA ratory motion, and

a processor for calculating from said
measured vibratory motion said preferred angular

orientation.

26. The apparatus of claim 25 wherein:
said clamp immobilizes saild proximal end
of said golf club shaft; and
said wvibration generator initiates
5 wvibratory motion of said distal end of said golf club

shaft.

27 . The apparatus of <claim 25 further
comprising a reaction mass for mounting on saild distal
end prior to said initiating by said wvibration

generator.

28. The apparatus of claim 27 wherein said

at least one sensor is mounted on said reaction mass.

29. The apparatus of claim 27 wherein said
vibration generator applies an impulse to said golf
club shaft in a direction other than parallel to said

longitudinal axis.

30. The apparatus of claim 29 wherein said
vibration generator comprises:
a restraint into which said distal end
of said golf club shaft is displaced in a direction

5 other than parallel to said longitudinal axis; and

AMENDED SHEET



28. The apparatus of claim 27 wherein said at b ONE Sensor is mounted
on said reaction mass. 29. The apparatus of cl &l quré]zﬁ%ﬂ
-vibration generator applies an inpulse to said golf club sha 6a8

direction other than parallel to said |ongitudi {4 30. The apparatus
of claim 29 wherein said vibration generator cmm aJr_{as,'th?@dil nt o
which said distal end of said golf club shaft i'§ displaced in a direction
5 other than parallel to said |ongitudinal axis; and AVENDED SHEETY{RB®DV 2003

-/138b !"AIDS C4 .;:;N 2001. 10 Nov 2003 - 42 a release for freeing said
di spl aced distal end fromsaid restraint. 31. The apparatus of claim 30

further conprising an actuatgr _for.displacing sgl ddistalsgided Nto said
restraint. 32. The apparatus of claim 25 wherein said vibration generator

appl i es an i npdkseato=8di Grg®l $2i¢ | UBSSHEin a direction other than
parallel to said |ongitudinal axis. 33. The apparatus of claim 32 wherein
said vibration generatog conprises: a restraint in %lrg% said distal end
of said golf club shaft P& di $Pf P THE dA' &cti8h B other Fhan paral | el
to said | ongit udinpaksaxisanaadcuacere| Bas el forldaied wgishidd sdiedpleaded

distal end fromsai gaggsgg%p;in{:‘»{l: The apparatus of claim33 further
conprising an actuator for displacing said distal end into said restraint.
35. The apparatus of claim25 wherein said at |east one sensor neasures

di spl acenent over tine ofz.saife distdtadiid df AlailP@ WHa-<din’ @alibions ot her

t han . -
vibration generator applies an impulse to said golf

club shaft in a direction other than parallel to said

longitudinal axis.

33. The apparatus of claim 32 wherein said
vibration generatof comprises!
a restraint into which said distal end
of said golf club shaft is displaced in a direction
5 other than parallel to said longitudinal axis; and
a release for freeing said displaced

distal end from said restraint.

34. The apparatus of claim 33 further
comprising an actuator for displacing said distal end

into said restraint.

35. The apparatus of claim 25 wherein said
at least one sensor measures displacement over Time of
said distal end in at least two directions other than

parallel to said longitudinal axis.

36. The apparatus of claim 35 wherein said
at least one sSenscor comprises two sensors, each
measuring displacement over time in one of two
directions other than parallel to said longitudinal

5 axis.

AMENDED SHEET



parallel to said |ongitudinal axis. 36. The apparatus of claim 35 wherein

said at |east one sensor conprises two sensors. ch asoyi,n
di spl acenent over time in one of two directions herJga‘n pér gl?& 6(8

said longitudinal 5 axis. AVENDED SHEET PC JS-'0/13868 - 43 |IPEA/US 0 4
JUN 2005 10 NOV 2003 37. The apparatus of claim rein sai QUN]% '

directions are perpendicular to each other and tﬁ §orﬁ;i4tu Uin S
38. The apparatus of claim 35 wherein said processor cal cul ates said

preferred angul ar orientation based on said,di spl acenent neasured bNgY 2003
time. 39. The apparatus of claim25 wherein said clanp is rotatable, said
apparatus further conprisiny aTmtarp@.jamattgrogai:ﬂ%igngggwgai d distal end

in a displaced coméi tdiaRddy g direction other than par al Tef 11t & d
| ongi tudi nal axis: a force transducsr: PSPIHE4Leri By $orieorhending d®

restore said di stal en®Eiscsara dikgpl aced condition, said clanp being
rotated through at |east about 360" of angul ar di splacenent during said 10
measuring, while maintaini gg sajd distal end in said displaced condition;
and menory in which neasur&d forC8 PRPamsseeiel edasin BARHYA, 1, <ay

di spl acenent; whEFerfsseai dapcamﬁé@rségﬁf}iééée%g%“ a%%%;{' ar 15 di spfacement

associ ated with saxbgugnneasyred force as” a hard side off effdErsAc146. The
apparatus of claim 39 further gg%pn%aﬁ?‘?eﬁﬁ: FPSteI=df erverotatnieng sai d cl anp

during said nmeasuring. 91. The apparatus of claim39 further conprising
an actuator for displacingsai dpgl gp%lar%q:gis of claim 25 whs

Clamp is rotatable,

erein said
said apparatus further comprising:

| a restraint for maintaining said distal
end in a displaced conditieon in az direction other ~ha
Parallel to said longitudinal axis; h

a
force transducer for measuring force

':el]d i
in O esto 1~ end I 11 (=2

conditi i i
en. said clamp being rotated through at least

b .
aovout 360" of angular displacement during said

10 mea i i
Suring, while malntaining said distal end in said

displaced condition; and

me 3 i
mory in which measured force is

as . s
Sociated with angular displacement: wherein:

. said processor identifies an angular
di i
splacement associated with maximum measured forc
e as

a hard side orientatrion.

40. The apparatus of claim 39 further

COl'n[:);[ iSlIl & AT ol I I 9] n
bR

measuring.

41. The apparatus of claim 39 further
Comprising an actuator for displacing said distal end

INTo said displaced condition.

42. The apparatus of claim 39 wherein said

Processor j L3 a7
identifies sasid hard side orientaticn after

calcy! i i
lating said pPreferred angular orientation

AMENDED SHEET




into said displaced condition. 42. The apparatus of claim 39 wherein said

processor identifies said hard side orientation aftPr mub%i ng said
preferred angul ar orientation. AMENDED SHEET - 44" 1 3/?!13 di'ge
apparatus of claim 39 wherein said processor identifjes said har éi 8
orientation prior to calculating said preferred ang /'é't/,gu'qntati on. 44
The apparatus of claim43 wherein said vibration genérat niti ates said
vibratory notion in said hard side orientation. 45. The apparaqlﬁ"s“@fngb i m
25 further conprising a marker for nmaking a visible indiciumon s,@mﬂ' %%ﬁ‘f
club shaft to indicate said preferred anddl ar orientation. 46. Tt:le
apparatus of claim45 wherein said marker applies pignment to said golf

club shaft to nake said visible indicium 47. The apparatus of claim 45
wherein said marker etches spid afsdhlwid R G1wAw BoOwsardigobhial ub

shaft. 48. The apparatus of clfaj m 47 wh reiéF said mar ker.ietchei sai d

vi si bl e i ndi ci B ReTHANi LTy A SIS 25\5 & §FErarmta7? ®hefein said
mar ker conpri ses aaltdEat et enerd)\pibedmrgenerguldrrf oriengkicagnsai d vi si bl e

i ndiciumon said golf club shaft. 50. The apparatus of claim49 wherein
said directed energy beam generator conprises a laser. 51. The apparatus
of claim 25 wherein: satd vibratdarrecpaws #tforcliagim 43t @begedecsfddvi brat ory

notion of said,$6c008.9N8e Q8 Sabd 1 PO Al £ndh e sRidydineiabnend in a
directi on ot her AVENDED SHEET - 45 PCT/ US00/ 13868

said hard side orientation.

45. The apparatus of claim 25 further
comprising a marker for making a visible indicium on
said golf club shaft to indicate said preferred angular

orientation.

46. The apparatus of claim 45 wherein said
marker applies pigment to said golf club shaft to make

sald wvisible indicium.

47 . The apparatus of claim 45 wherein said
marker etches said visible indicium into said golf club

shaft.

48. The apparatus of claim 47 wherein said

marker etches said visible indicium mechanically.

49. The apparatus of claim 47 wherein said
marker comprises a directed energy beam generator for

making said visible indicium on said golf c<lub shaft.

50. The apparatus of claim 49 wherein said

directed energy beam generator comprises a laser.

51. The apparatus of c¢laim 25 wherein:
sajid vibration generator initiates a
second vibratory motion of said second eone of said

proximal end and said distal end in a direction other

b g
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0 4 UUL4 2001 1 ONOV 2003 S than parallel to said Ion i tudi nal axis_when
said inmobilized golf club shaft is aligned so that a mgjﬂqgw

_angul ar orientation is in a presel ected angul ar positio 886?
- longitudinal axis, and initiates a third vibratory notion of said secon
10 one of said proxi mal end and said distal end in a f n ot her than
parallel to said longitudinal axis when said immobili eﬁﬁg’w QU‘P shaft
is aligned so that said preferred angular orientation is in sai VU ,;UU]
presel ected angul ar position relative to said 15 | ongitudi nal axi s, 3@ csh}@
| east one sensor conprises a frequency-seéhsor for neasuring frequlzrq 3 f

said second and third vibratory notions in a selected direction; and 20
said proceséor tac Haardd ed Fregaadcyonghtdestinsl g ivdeof ssaidd frequency

of said third 1\&Jnl2:rtﬁt1%%éd”%%|1?nchgb5§hgf£r?QUQi‘P.é/n&I saidhpeepnd  vibratory
notion. 52. The apparatus of claim51 wherein sard vibration generator

initiates sai d R NiIrgCoPysUuABti BRI aPERFIPMI 1T at? iRy RASF

vibratory noti emglazr E&&;&aaar atlscobectai @ bd mheipiuuisaild axsdration

generator initi _ates sal second VI rator not i on afte i nlc}l ating said
Ot:I..O SeCarl

third vibratory Notion 55> Th&"appayarte=af” (farin's V\,her &l ¥ 54
presel ect ed Canguiearcfpesiitl prokgmglibshdntndl $yidettswal .erbb.irTke apparat us

of claim51 whey, e S t i ori nt al .
AVENDED SHEET PC'?’J/ Uso?)’lf1 1:?52’% %%%%\/ gpgﬂéguntNg 250%%@51%1%5] i)2{’04013 bAS

when saild immobilized golf club shaft is aligned so
that said preferred angular orientation is ié-said
preselected angular position relative to said

15 longitudinal axis;

said at least one sensor comprises a

frequency sensor for measuring frequencies of said
second and third vibratory motions in a selected
direction,; and

20 said processor calculates a frequency
index as a ratioc of said frequency of said third
vibratory motion to saild frequency of said second

vibratory motion.

52. The apparatus of claim 51 wherein said
vibration generator initiates said third vibratory

motion after initiating said second vibratory motion.
53. The apparatus of claim 51 wherein said
vibration generator initiates said second vibratory

motion after initiating said third vibratory motion.

54. The apparatus of claim 51 wherein said

preselected angular position is substantially vertical.

55. The apparatus of claim 51 wherein said

selected direction is substantially horizontal.

AMENDED SHEET



- 46 56, The apparatus of claim51 wherein said predg] nlned angul ar
orientation is determned by a manufacturer |ogo on sad u f_ c’] yb;%gfé
57. A method of assenbling a golf club, said golf club conpr|5|ng 8

club shaft and a golf club head. wherein said golf cl EQAJ

preferred angular orientation relative to said golf club hea S 53 JNZUU‘I
nmet hod conprising: determning said preferred angular orientation of said
gol f club shaft about a |ongitudinal axis thereof, said golf club{shNfy 2003
having a proximal end For gripping by a golfer and a distal 10 end for
attachnent to said golf club head, said- d&term ning conprising:

immobilizing a first one of said proximal end and said distal end of said
gol f club 15 20 5 initiatithg Vitsr aroeyamysi of efaamsBtovderohe ofidaid

proxi mal end arjﬁi—éﬁéﬂbrdﬂﬁie%i a@%@:l@xfr slidncgelibnch ybgshathihbg andiLection
ot her than paraIIeI said | ongi tudi nal axis analy2|ng said vibratory

notion, and cdl%EW aﬁ‘i’?’r@’ef omBSard FRaryEedt FE)PQtB’P? noti on said

preferred angul ar orientation; and attaching said golf club shaft~to said

golf club head with said eferred, angul.ar _orientation redete m ned
rel ati onship to said gol faofz:l u%‘ eg QSQ.fazf’ﬁ?emg?ﬁo% B 82 Jrgl‘?& 7 iFEY e| n:

said first one aﬁlfsaﬂdltprCGmPrmISleBdaasélfsaidbdﬁlsiaﬁt and afgsbf dchyobf cl ub

shaft. is sai dhemoommre%dsaaedggaacdcissogqa%ehg; §%%P£P¥é£ﬁ| end and
said distal end of said golf club shaft is said distal end. AVENDED SHEETS

angular orientation relative to =said golf club head,
5 =aid method comprising: B
determining said preferred angular
orientation of said golf club shaft about a
longitudinal axis thereof, said golf club shaft having
a proximal end for gripping by a golfer and a distal

10 end for attachment to said golf club head, said

determining comprising:

immobilizing a first one of said
proximal end and said distal end of said golf club
shaft,

15 initiating wvibratory motion of a second
one of said proximal end and said distal end of said
golf club shaft in a direction other than parallel to
said longitudinal axis,

analyzing said vibratoeory motion, and

20 calculating from said analyzed wvibratory

motion said preferred angular orientation; and
attaching said golf club shaft to said
golf club head with said preferred angular orientation

in a predetermined relationship to said golf <¢lub head.

58. The method of claim 57 wherein:
said first one of said proximal end and
said distal end of said golf <¢lub shaft is said
proximal end; and
5 said second one of said proximal end and |

said distal end of said golf club shaft is said distal

end .

AMENDED SHEET



- 47 1-1T/US - '9113868 |IPEA/US 0 4 JUN 200 10 NOV 2003 59. The net hod
of claim57 further conprising nounting a reaction mass on said distal end
prior to said initiating. 60. The nethod of claim59 vvh%[yein sai d :

M . . . . . » - . T
initiating conprises applying an inpulse to said golfy %sha@t/lr‘?a :
direction other than parallel to said |ongitudinal axi Sﬂs‘t& . The re égf
claim60 wherein said applying an inpul se conprises: di said ,
distal end of said golf <club shaft in a direction ot her‘thﬂﬁugrﬁﬂeﬂw\b 00
said 5 longitudinal axis; and releasing said displaced distal end s@ée
met hod of claim57 wherein said initiatiafg-conprises applying an ﬁr@%v

to said golf <club shaft in a direction other than parallel to said

| ongi tudi nal axis. 63. The nethod of claim62 wherein said applying an

i mpul se conprises: displggi ngrsal g Sd s end,of S5 gekl- club shaft in a
direction other than parallel to said 5 l|ongitudinal axis; and releasing
sai d di spl aced<@MBRAFIBAITCBATITH A NI VT "aSH A5 FateAdPR2darnd

anal yzi ng conppirses aeassidngndisptacenent over tinme of said distal end in
at least two directions other than parallel to said |ongitudinal axis.
AVENDED SHEET PC 138 69 I PEA/US - 48 10 NOV 2003 65. The nmethod of claim
64 wherein said two direati ofise anecipst pendilcurasst ohegenoshed and -to

sai d initiating comprises applying an impulse to said golf
club shaft in a direction other than paralle%_to said

lJongitudinal axis.

61. The method of claim 60 wherein said
applying an impulse comprises:
displacing said distal end of said golf
club shaft in a direction other than parallel to said
5 longitudinal axis; and

releasing said displaced distal end.

62. The method of claim 57 wherein said
initiating comprises applying an impulse to said golf
club shaft in a direction other than parallel to said

longitudinal axis.

63. The method of claim 62 wherein said
applying an impulse comprises:
displacing said distal end of said golf
club shaft in a direction other than parallel to said
3 Jongitudinal axis; and

releasing said displaced distal end.

64 . The method of claim 57 wherein said
analyzing comprises measuring displacement over time of
said distal end in at least two directions other than

parallel to said longitudinal axis.

AMENDED SHEET



| ongi tudi nal axis. 66. The nethod of claim64 wherein said calculating

conprises cal cul ati ng based on said displacenent asur df9ver tie. =60

The nmethod of claimb57 further conprising: deimo i Zi safh/pg_ggralav

end: rotating said shaft through an angul ar 5 di spl acenent about<s

| ongi tudi nal axis, reimmobilizing said proximal e Gma initiating. ~
IBEATSS

subsequent vibratory notion of said distal end of’’s

ks f club, §pa¢]@} in
a direction other than parallel to said longitudinal 10 axis; wher et hv e
said anal yzing and said calculating are based also on said subseq :N”
vibratory notion. 68- The met-hod of clai4fi 67 further conprising :lfﬂ QWWQ

sai d dei mobi | i zi ng, sal rotating, said reinmobj]izing and sajd
initiating, wherein sai dggnal ill-QFn’ﬁg’éWﬂd s%fu‘:]c%jt“étﬁ'iat"f e st?é‘éea-’woS al so
on each sai d subseguephsviebeaperyenoitohar unt idactsadtthepal=gid atd Bgricionver ges
on said pref er&gq angular, grigentation. 69. The method of claim57 further
conprising marking a visi I%I e indiciumon said golf club shaft to indicate
said preferred angular orientation. 70. The method of claim57 further

conprising locating a hagd,si @ge0fhieM@tdPN1im RETRAIR in sa14138 6a. 49,
[ PEA/US a JUN 2001 10 NOV 2003 displacing said distal end, in a
di rection ot heF2tR¥ASHAPEI FRPPEH=S2i TP HonyT tUth ks & $2%%v a di spl aced
condi tion; rotatkepgagandnpreaxbaateensvéhrough at | east about 360" of
angul ar di splacement while maintaining said distal end in said displaced
67. The method of claim 57 further
comprising:
deimmobilizing said proximal end;
rotating said shaft through an angular
S displacement about said longitudinal axis;
reimmobilizing said proximal end; and
initiating subsequent vibratory motion
of said distal end of said golf club shaft in a
direction other than parallel to said longitudinal
10 axis;:; wherein:
said analyzing and said calculating are

based also on said subsequent vibratory motion.

68. The method of claim 67 further
comprising iterating said deimmobilizing. said
rotating, said reimmobilizing and said initiating.
wherein said analyzing and said calculating are based

5 also on each said subsequent vibratory motion. until
said calculating converges on said preferred angular

orientatcion.

69. The method of claim 57 further
comprising marking a visible indicium on said golf <lub

shaft to indicate said preferred angular orientation.

70. The method of claim 57 further

comprising locating a hard side orientation by!



condition; 10 neasuring force tending to restore said distal end fromsaid
di spl aced condition during said rotating, and associ at:i ng neasured force
wi th-angul ar displacenent; and identifying as said_hard side 15
“orientation an angul ar displ acenent associ atPC?‘MSpm‘am;)m neasure force.
71. The nethod of claim 70 wherein said locatin erf 5@f68r sai d
~calculating. 72. The nmethod of claim 70 Wner?pg id locating is perforned
prior to said imobilizing. 73. The nethod o é?fd&z ry\/ﬁer Lp_sai-d
direction of said initiating of said vibratory notion 1§ 4@’@2&8}10{]&0\!1@003
orientation. 74. The nethod of claim57 viterein: said golf club head
conprises a substantially planar_face; and said predeterm ned rel ationship
A i He

5 conprises a predeternined angular<reF at? ths tSWen *s& d preferred
angul ar ori ent dtirentobnsaictiegothag| phrashal tcanch shicbrgibsidamiainal | y pl anar

face 75. The ngthad of ¢l gg%%gcggeggjj&%ggrq preferred angular orientation
of said golf club shaft AME D SHEET - PCTO / 13868 |PEA/US n 4 JUN

2001 1 O TIDY 2003 is substantPaRFyngerphdicanigrel ershitdthrowiedt antial |y

pl anar face. 76ea8ppanatiys3bor s8senhlifg & Galf-Lldi, whsakd gol f club
conprising a golf club shaft and a golf _club head, wherein said golf club

shaft has a prBPEPFEA"IBRgTRAT OFFERt aBTONT 12 VE-R32648% gol f cl ub head.
5 sai d appar at usneagpehsi ng: an orientation detector for determining a
preferred gpgul ar orientati onmggsgrgrgéffg]lcueb éehnacffng to restore said
distal end from said displaced condition duriﬁg said
rotating, and associating measured force with angular
displacement; and
identifying as said hard side

15 orientation an angular displacement associated with

maximum measure force.

71. The method of claim 70 wherein said

locating is performed after said calculating.

72 . The method of claim 70 wherein said

locating is performed prior to said immobilizing.

73. The method of claim 72 wherein said
direction of said initiating of said vibratory motion

is said hard side orientation.

74. The method of claim 57 wherein:
said golf club head comprises a
substantially planar face; and
said predetermined relationship
5 comprises a predetermined angular relationship between
said preferred angular orijientation of said geolf club

shaft and said substantially planar face.

75 . The method of claim 74 wherein said

preferred angular orientation of said golf c<club shaft

AMENDED SHEET



about a longitudinal axis thereof, said golf club shaft having a proxi nal
end for gripping by a golfer and a 10 di stal eﬂg(}ﬁr attachnent to.a golf

club ‘head, said orientation detector conprisi cl an® i i Lizing
a first one of said proximal end and said distal end‘gf g%?alggﬁ?gd%ub
shaft, 15 20 25 a vibration generator for initiating vibratory notion of a
second one of said proxiral end and said dist sai f b
shaft in a direction other than parallel -co 2’559%4%. tﬁd&nﬂfh Ziﬁhlsj at

| east one sensor for measuring said vibratory notion, and a procespﬁﬂgiqun
calculating fromsaid neasured vibratory5fotion said preferred angul ar
orientation; and neans for attaching said golf club shaft to said golf
club head with %3 GV PrEFRTIEdamfEg diGylen &9 67idnsybpreastatayned

rel ati onshi p topsahar fotd. cl ub head. 77. The apparatus of claim 76
wherein: said clanp imobilizes said proximal end of said golf club shaft:

and PCT %9 113868 |IPEA/US n 4 JUN 2001 -10 NOV 2003 - 51 said vibration
generator initiates 5 vibf@at orAppmtators dorsaisgedivdtiag engdodf said. gol f cl ub

shaft. 78. The apparalis Of ! ABA% Y Lheh: £ QqRL §hag-aaf825 [9PsMBSS
for mounting on said distal
club head, wherein said golf club shaft has a preferred
angular orientation relative to said golf club head,
S said apparatus comprising:

an orientation detector for déﬁermining
a preferred angular orientation of a golf club shaft
about a longitudinal axis thereof, said golf club shaft
having a proximal end for gripping by a golfer and a

10 distal end for attachment to a golf club head, said
orientation detector comprising:

a clamp for immcbilizing a first one of
said proximal end and said distal end of said golf club
shaft,

i5 a vibration generator for initiating
vibratory motion of a second one of said proximal end
and said distal end of said golf club shaft in a
direction other than parallel to said longitudinal
axis,

20 at least one sensor for measuring said
vibratory motion, and

a processor for calculating from said
measured vibratory motion said preferred angular
orientation; and

25 means for attaching said golf club shaft
to said golf club head with saijid preferred angular
orientation in a predetermined relationship to said

golf club head.
77. The apparatus of claim 76 wherein:

said clamp immobilizes said proximal end

of said golf club shaft. and

AMEnogy SHegr



end prior to said initiating by said vibration generator. 79. The
apparatus of claim78 wherein said at | east one sensor is npunted on said

reaction nmass. 80. The apparatus of claim78 \ﬂ 'E sais vior at 1 oh
generator applies an inmpulse to said golf cl ubes );lpt\ i A /dllrbiatéca ot her

than parallel to said |ongitudinal axis. 81. at us hin 80
wherein said vibration generator conprises: angwt N Atgmbﬁ&@b sai d
“distal end of said golf club shaft is displaced in a direction 5 pQNgy 7003
than parallel to said longitudinal axis; and a release for freeing said

di splaced distal end fromsaid restraint2!82. The apparatus of claim 81
further conprising an actuator for displacing said distal end into said
restraint.. 83 . The apparatuS33f YRR 78" whBT eI 7ceai %4t i on

gener at or appl hvesratcdrypubsechoocsabdigotifistal ubns haf tsd1d gedlifr ecturon ot her
than parallel to _said longitudinal axis. 84. The apparatus of claim 83
wherein said vibration generator conprises: PCI/USO O ,138 IPEA/US 0 4
JUN 2001 10 NOV 2003 - 52 a restraint into which said distal end of said

gol f club shaft is displaged irjcadihregti,on.g other tdaf,Raiallel to said
| ongi tudi nal axis; and a release tor freeing said displaced distal end

from sai d rest FAMWT 15858 PhE<appaPat NESof fer araySe i tiIrdhere it sHS3si ng an

actuator for dicsf aciikg %ol dadustalcendingnby said vastda@id . 86. The

apparatus of cl ai mr_;@m\gher ein said at |east one sensor neasures

di spl acenent ofE FiTme of .
79. The apparatus of claim 78 wherein said

at least one sensor is mounted on said reaction mass.

80. The apparatus of claim 78 wherein said
vibration generator applies an impulse to said golf
club shaft in a direction other than parallel to said

longitudinal axis.

81. The apparatus of claim 80 wherein said
vibration generator comprises:
a restraint into which said distal end
of said golf club shaft is displaced in a direction
5 other than parallel to said longitudinal axis. and
a release for freeing said displaced

distal end from said restraint.

82. The apparatus of claim 81 further
comprising an actuator for displacing said distal end

into said restraint.

83" The apparatus of claim 76 wherein said
vibration generator applies an impulse to said golf
club shaft in a direction other than parallel to said

longitudinal axis.

84 . The apparatus of claim 83 wherein said

vibration generator comprises:



said dismal end in at |least two directions other than parallel to said

| ongi tudi nal axis. 87. The apparatus of clai 6 wherein said_ at |east one
sensor conprises two sensors, each neasuri n? | ac t- Quer tihe in one
of two directions other than parallel to said |ong udindl ig&ég 88. The

apparatus of claim87 wherein said two di r? @“Z r ey heplar to
~each other and to said |ongitudinal axis. 9.E h Sgpglaﬁa”m&nggﬁtl aim 86
wherein said processor cal culates said preferred angul ar orient at"i[ﬂicqv 2003

based on said di spl acenent neasured over ggrre 90. The apparat us of arm
76 wherein said clanp is rotatable, said apparatus further conprising: a

restraint for maintaining said distal  .end in a displaced,cop %tégg in a
direction other than 5 parallel to said longitudinal axis; a force
transducer for measnd Epiforde =dwaditngst dirpseored sni d diseariend from

sai d_di spl aced ANENDER, SHEEL 51153 RCTLYS00L 138684104 Nowx 20 3ank PEA/ US 0 4
JUN 200 condition, said clanp being rotated through at |east_ about 360" of

angul ar di spl acenent during s& d<tGamEadtri AS<hAB| 82HRi AtEPhPRE  sai d
distal end in sédskariapl avet cend tHeeRraahd . menory in which neasured force
is associated with angul ar displacenent: wherein: said processor
identifies an angul ar 15 di spl acenent associ ated w th maxi nrum neasur ed
force as a hard side ori@nt atliren ar@arathe afpatatuseéf fetrahparo0 furt her

conprising a noiQf.for; fotaling sald ¢bamiidpilpgngalds«neasuLt ng.d2. The
apparatus of claim90 further -
into said restraint.

86. The apparatus of claim 76 wherein said
at least one sensor measures displacement over Ttime of
said distal end in at least two directions other than

parallel to said longitudinal axis.

87. The apparatus of claim 86 wherein said
at least one sensor comprises two sensors, each
measuring displacement over time in one of two
directions other than parallel to said longitudinal

5 axis.

88. The apparatus of claim 87 wherein said
two directions are perpendicular to each other and to

said longitudinal axis.

89. The apparatus of claim 86 wherein said
processor calculates saild preferred angular orientation

based on said displacement measured over time.

890. The apparatus of claim 76 wherein said
clamp is rotatable, said apparatus further comprising:
a restraint for maintaining said distal
end in a displaced condition in a direction other than
5 parallel to said longitudinal axis;
a force transducer for measuring force

tending to restore said distal end from said displaced

AWENDED SHEET



conprising an actuator for displacing said distal end into said displaced
condition. 93. The apparatus of claim90 wherein said .processor identifies
-said hard side orientation after calculating sgéﬁt;f erred .angul ar
[
cu

orientation. 94. The apparatus of claim 90 wher
identifies said hard side orientation prior to cal

§ |"P\)9)§gi?éré&r red

angul ar orientation. 95. The apparatus of claim94 wherein said vibration

~generator initiates said vibratory notion in sagdgw side orientati
96. The apparatus of claim76 further conprisin Ser quprJ[[}rﬁl?Up' a
visible indiciumon said golf club shaft>fo~indicate said preferre

PONOV 2003

angul ar, orientatjon. AI\/END%IE) HEET - 54 PCT/US00/ 13868 | PEA/US 0 4 JUN

2001 10 NOV 2003787 “* e &b
pi gnment to sai ;ageld 3EAiboshahigullernakeplsaedent sdbtengnehcd um 98. The
appar at us of, cl ai erei;n sal rker etches said visgible_indicium
into said golf n%él?ﬁ%srg;ft 799. a%ﬁgangaﬁg a?ﬁ%go?iﬁ gi'qme % Wﬁe?%?% sai d
mar ker et ches sHisPiAsichlerididiicnumemdchani cal ly. 100. The apparatus of

TP A g APSB T RAFBI RV8Ai A ha?k®er applies

claim98 wherein said marker Rt $&SwAi18hr feLed-EEEGY-beam gener at or

for making said visible indiciumon said gol f club shaft. 101. The
appar atus of clZASRPEFStherdim 288 d2rdPiebl 8g=BReF gy Peafi Yener at or

conprises a |laser. 102. The appamapuscebselaiarl6irhesein: angaisk golf club

head conprises Oa}Lspsiubst anti al | Y, pl angr wfi%ﬁe' sai d predeter m'Ped

. . acement assoclate 1’nax1mum measured orce as
relationship -

a hard side orientation.

91. The apparatus of claim 90 further
comprising a motor for rotating said clamp during said

measuring.

92. The apparatus of claim 90 further
comprising an actuator for displacing said distal end

into said displaced condition.

93. The apparatus of claim 90 wherein said
processor identifies said hard side orientation after

calculating said preferred angular orientation.

94. The apparatus of claim 90 wherein said
processor identifies said hard side orientation prior

to calculating said preferred angular orientation.

95. The apparatus of c<laim 94 wherein said
vibration generator initiates said vibratory motion in

said hard side orientation.

96. The apparatus of claim 76 further
comprising a marker for making a visible indicium on
said golf club shaft to indicate said preferred angular

orientation.
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5 conprises a predeterm ned angul ar rel ati onshi p between
angul ar orientation of said golf club

face:

gol f club shaftahaV|ng a prOX|naf end for gripping by a golfer and a
5 end for attachnent to a golf club head and being

di st al

said preferred
shaft and sai d substantially pl anar

and said nmeans for attaching conprises: ect qgégetectlng sai d
visible 10 indicium and an aligner for allgnlng )1] bl

first one of said proxinmak engnhangdopsadcudi St ali L0 deprwHdiinatbl=ng

vibratory notion of a second one of said proxinal end and said distal
in a d|rectloﬁaGFﬁéreFﬁ&ﬁspﬁﬁéFIé?s%?ﬂ%e&TFﬁ?ﬂﬁﬂtﬂﬂﬁQNﬂalfogg%lsc 185 d

in
sai d predeterm ned angular relationship wth said gﬁstantlally g?gkéqg

~face. 103. The apparatus of claim 102 wherein sal gns sai d
visible indiciumsubstantially perpendicular to said subSt adt nar
face. AMENDED SHEET - 55 PCT/US00/13868 |PEA/US 0 4 JUN 20 Cﬁ 10
2003 104. The apparat us of cIa|n1102 wher¥i m:  said golf club head is 0V 2003
provided with a face all kgnarklng % nt saig1 substantially planar
face; and 5 said aligner Ilg 8 8BPAT YT Btk A AURRTR S &4 ace
al i gnment narkhﬁqxekOEppApParaﬁgseﬁﬂrtdeéaidngﬁlﬁ]diqnwahawmedo angel ar
orientation of a.golf _clyh shaff,about. a longitudinal axis thereof, said

i mMmmobilized at a

end

appar atus conpesihsireg: a reaction mass for nmounting on said second one of
end and said distal end prior to initiating said vibratory
| east one sensor nmounted on said

sai d proxi mal
nmot i on;

at

10

99. The apparatus of claim 98 wherein said

marker etches said visible indicium mechanically.

100. The apparatus of claim 28 wherein said
marker comprises a directed energy beam generator for

making said wvisible indicium on said golf club shaft.

101. The apparatus of claim 100 wherein said

directed energy beam generator comprises a laser.

102. The apparatus of claim 96 wherein:

said golf club head comprises a
substantially planar face;

said predetermined relationship
comprises a predetermined angular relaticonship between
said preferred angular orientation of said golf club
shaft and said substantially planar face;, and

said means for attaching comprises!:

a detector for detecting said wvisible
indicium, and

an aligner for aligning said visible
indicium in said predetermined angular relationship

with said substantially planar face.
103. The apparatus of claim 102 wherein said

aligner aligns said visible indicium substantially

perpendicular to said substantially planar face.
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15 reaction mass for nmeasuring said vibratory notion; and a processor for
calculating fromsaid neasured vibratory notion saF'd Wsrpea angul ar
~orientation. 106. The apparatus of claim 105 wherein s a e,és?}@é
‘sensor neasures displacenent over tine of said di sta}fﬁgﬂjﬁ at least t
directions other than parallel to said |ongitudinal TSy 7. Wgy\u}z
apparatus of claim 106 wherein said at |east one sensor conprisSes 001
sensors, each nmeasuring displacenent over tine in one of two directions
other than parallel to said longitudinal 5 axis. AMENDED SHEET -56 Y
PCT/ USO00/ 13868 | PEA/US 04 JUN 2001 10 NG& 2003 108. The appar at us M]Ncgl a%%

106 wherein said two directions are perpendicular to each other and to
sai d longitudinal axis. 109. The apparatus of <ladmn 106 witkersgim sai d

processor cal cul ates said pr eggg&egaﬁg\%% QLigntatlqn, ; Lasedonsaid

di spl acenent neasured over tinme. 1 paratus for determning a preferred
angul ar ori ent deicen 28figamgolcf meFkbrghati 2apout Satd | BT Il Daxi s
thereof, said galf.-¢! vhcshathghaving a proxinal end for gripping by a
golfer and a distal 5 end for attachnent to a golf club hejg)cgsand bei ng

i nmobi i zed®at a first one of S8AFd2prexThaflth %n%a“ga‘l’ic? iStal end for
initiating vibaaarcyurivier ekia rseeoaligniesof satridigg oxi mal end and said
distal end in a direction other than parallel to said |ongitudinal 10
axis, for conputation of said preferred angular orientation based on said
vibratory notion; said dppar dAbperevwprFsingstarpiatts oh MRESTEIY nount i ng
on said second ong . of 38l BLXhMBE 8NdodRd$ab Ak Bt Alband a

longitudinal axis thereof, said golf club shaft having
a proximal end for gripping by a golfer and a distal

5 end for attachment to a golf club head and being
immobilized at a first one of said proximal end and
said distal end for initiating vibratory motion of a
second one of said proximal end and said distal end in
a direction other than parallel to said longitudinal

10 axis; said apparatus comprising:

a reaction mass for mounting on said
second one of said proximal end and said distal end
prior to initiating said vibratory motion;

at least one sensor mounted on saild

15 reaction mass for measuring said vibratory motion; and

a processor for calculating from said

measured vibratory motion said preferred angular

orientation.

106. The apparatus of claim 105 wherein said
at least one sensor measures displacement over time of
said distal end in at least two directions other than

parallel to said longitudinal axis.

107. The apparatus of claim 106 wherein said
at least one sensor comprises two sensors, each
measuring displacement over time in one of two
directions other than parallel to said longitudinal

5 axis.
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15 prior to initiating said vibratory notion; and at | east one sensor . .,
nmounted on said reaction mass for neasuring said br iQ i}%;
.The apparatus of claim 110 wherein said at |east one gZEgSrngaéslé 8
di spl acenent over tine of said distal end in at | east two directions other

than parallel to said longitudinal axis. 112. The apﬂiE§&$$$of clajm111
wherein said at |east one sensor conprises two sensors, ﬁkﬂ rﬁﬂ01

di spl acenent over tinme in one of two AVENDED SHEET - 57 PCT/ US00/13868

| PEA/US 0 4 JUN 2001 10 NOV 2003 directions other than parallel no said
longitudinal 5 axis. 113. The apparatus ® <laimlll wherein said 4p%0yV 2003
directions are perpendicul ar no each other and no said |ongitudinal axis.
114- A nethod of neasuring asymmetry of a golf club shaft about a

| ongi tudi nal axi s hereof j08ai Gheg@bhashtis shafdiduayimg aHuexinmelaiend for
gripping by a golfer and a distal end for attachnment to. a olg club 5
head, said met AP EGMFATErRG: 2F FmBBT P27 hg 2T i Y3155k B Faifd proxi ma
end and sai d disstial 1emgial.dsaed gebé.club shaft; displacing a second one
of maid proximal 10 end and said dismal end, in a direction other than
parallel no said longitudinal axis, no a displaced condition; rotating
said i mobilized end thrd@§h dhe hppsranbewrt 36GinflOfmglileaieidi sslidcenent
while 15 maint 3jpjng .53 d.dispLacgdsgnd hhefat bR AGRd o CQii=td10n

measuring force rending no restore said displaced end fromsaid displaced
condi tion duriﬁ@gﬁ%‘fn said displacement measured over time.

110. Apparatus for determining a preferred
angular orientation of a golf club shaft about a
longitudinal axis therecf, said golf club shaft having
a proximal end for gripping by a golfer and a distal
5 end for attachment to a golf club head and being
immobilized at a first one of said proximal end and
said distal end for initiating vibratery motion of a
second one of said proximal end and said distal end in
a direction other than parallel to said longitudinal
10 axis, for computation of said preferred angular
orientation based on said vibratory motion; said
apparatus comprising:
a reaction mass for mounting on said
second one of said proximal end and said distal end
15 prior to initiating said vibratory motion; and
at least ocne sensor mounted on said

reaction mass for measuring said vibratory motion.

111. The apparatus of claim 110 wherein said
at least one sensor measures displacement over time of
said distal end in at least two directions other than

parallel to said longitudinal axis.
112. The apparatus of claim 111 wherein said

at least one sensor comprises two sensors, each

measuring displacement over time in one of two
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rotating, and associating nmeasured Force with angular 20 displacenent; and

cal cul ating, fromsaid neasured force associated withi ar - ..

di-spl acenent, an index representative of said asynnetﬁ??ﬂﬂ&%f‘mn? t hod '

of claim 114 wherein said calculating conprises: selecting, fro sﬁ@éa‘
' 5

measured force associated with angul ar displ acenent ] gum force
P.. and a mninmumforce Pin: and AMENDED SHEET 58 1 0 qoﬂgwbﬂﬂ
said index, LSI, according to the follow ng equation: LSI = : 1

100(1-((P.x-Pin)/pmax)) 116. Apparatus for7 measuring asymmetry of a golf
club shaft about a |ongitudinal axis t her2bf’ said gol f club shaft.{ iNgy 2883

a proxi mal end dfigr Qrippi gghg¥_ %hagol ferlﬁgg Qodégtéllc?nd 1_fuoc{:matlt achnent to

a golf club 5 head, sala appar at'us 08ﬁ5?|5|ng: a clanp YT ilizing a
first one off saiig proxinmal end and said distal end of said golf club

shaft ; a restraint for maintaining a second one 10 of said proximl end
and said distal end in a _displaced condition_ in a direction other than
parallel to said |ongitddfnall"gxPEP252F8F cef t FesBiutkl R siEasitichg force
tendi ng to restlke dSaledrieaandraengeppeSai upiOXtdBdaaNtbrHa adith 3ad d di st al
end fromsaid displﬁced.cogdit'on .said clanp being rotated through at

| east about 366°16F TCREJUTSF"atspfABenent during said measuring, while

mai nt ai ni ng said second one of said proximal end and said distal end in

sai d displaced condition; ;20 RepRLy hin-phichteasyred, fcs, isesfored in
associ ation with angul ar di splacenent; and -
golf club shaft about a longitudinal axis thereof, said

golf club shaft having a proximal end for gripping by a
golfer and a distal end for attachment to a golf club
5 head, said method comprising:
immobilizing a first one of said
proximal end and said distal end of said golf club
shaft;
displacing a second one of said proximal
10 end and said distal end, in a direction other than
parallel to said longitudinal axis, to a displaced
condition:
rotating said immobilized end through at
least about 360° of angular displacement while
15 maintaining saild displaced end in said displaced
condition; i
measuring force tending to restore said
displaced end from said displaced condition during said
rotating, and associating measured force with angular
20 displacement; and |
calculating, from said measured force
associated with angular displacement., an index

representative of said asymmetry.

115. The method of claim 114 wherein said
calculating comprises:
selecting, from said measured force
associated with angular displacement, a maximum force

5 P

max @nd a minimum force Pp,. and
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a processor for calculating, fromsaid neasured force associated with
angul ar di spl acenent, an index representativg:cgrsaid5§§¥dhEtTy.<&i7. The
apparatus of claim 116 wherein said processo icul ates saﬁd?hgsgi by:
sel ecting. fromsaid measured force associat W8 R angul ar “di ¥ enent,
a maximumforce 5 Pl"ax and a nininmumforce PIFSnand conputi-ng. saj d

i ndex, LSI, according to the follow ng equation: AMENDE® $HEEN £|

10NOV2003 LSI = 100 (1 - ((P..-Pin) /Pmax) ) 118. Apparatus for determ ning
a preferred angular orientation of a golf club shaft about a | ongi 'gﬂj
axi s thereof including determning a hat 8 side orientation thereof, sai
golf club shaft having a 5 proximal end for gri ppi y a golfer and a
distal end for attachment to 87§88l ﬁ%lﬁeg’aég’éaiq‘gsg‘ppaacrarlfrsmgcbcr?pri si ng:
a clanmp for i mols lficdilnyiasf egettapre:of said proximal end and sai d distal
end of said golf club 10 s T t.rant _gor i n{ai ning said distal
end in a displaced conditi02§§$ aqé?ﬁgcéﬁgﬁmo%ﬁ@?p?ﬁﬁ%ﬁ'paralIeI to said

| ongi tudi nal axis; a force transducer for neasuring force 15 tending to

restore said distal end fingm 3apd dicspl 286£0ne£ONE Ad UsynsRidh£laama bei ng
rotated through at | east about 360" of angul ar dj spl acenent ri%% sai d
measuring, whi 1% aiTtd R TsaPaVGi 8t APPERE T H %hi i%ig 8¢ &6iditi on;

20 nenory in WiSlF rEasuseaiohe®ing aapsogimaRdend tforanguimrirg $H acenent ;
and a_processor, fqr. cal glatng,.,f Lom sal.d.ipastued Loreq Assqqiated with

. (o] 1
angul ar dlsplaé%nen , said pre?erre angular orientation.-
5 head, said apparatus comprising:

a clamp for immobilizing a first one of
said proximal end and said distal end of said golf club
shaft;

a restraint for maintaining a second one

10 of said proximal end and said distal end in a displaced
condition in a direction other than parallel to said
longitudinal axis,

a force transducer for measuring force
tending To restore said second one of said proximal end

15 and said distal end from said displaced condition, said
clamp being rotated through at least about 360° of
angular displacement during said measuring. while
maintaining said second one of said proximal end and
said distal eﬁd in said displaced condition;

20 memory in which measured force is stored
in association with angular displacement,; and

a processor for calculating., from said
measured force associated with angular displacement, an

index representative of said asymmetry.

117. The apparatus of claim 116 wherein said
processor calculates said index by:
selecting., from said measured force
assoclated with angulér displacement, a maximum force
5 Ppyx and a minimum force Pp;,. and
computing said index, L3I, according to

the following equation:
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119. The apparatus of claim 118 wherein said processor identifies an
- angul ar di spl acenent associated w th maxinum nmeasured; force as a hard side

orientation. 120. The apparatus of claim 118 ¢ risi ng' ~al-not or
for rotating said clanp during said rreasurngemg&JDE ?gp (%? 13 8 6
8 IPEAIUS 04 JUN 2001 - 60 10 NOV 2003 121. aratu m 118
further conprising an actuator for displaci HPEE[@@ s@aﬂ jeﬁiﬂﬁ to said
di spl aced condition. 122. The apparatus of claim 118 wherein said.

processor identifies said hard side orientation after calculating ggj
preferred angular orientation. 123_ The &sparatus of claim 118 wherein sard

processor identifies said hard side orientation prior to calculating said
preferred angul ar orientati &#1 = 1001~ ({Ppax-Prin) /Prax))

118. Apparatus for determining a preferred
angular orientation of a golf club shaft about a
longitudinal axis thereof including determining a hard
side orientation thereof, said golf club shaft having a
5 proximal end for gripping by a gelfer and a distal end
for attachment to a golf club head, said apparatus
comprising.:

a clamp for immobilizing a first one of

said proximal end and said distal end of said golf club
10 shaft;

a restraint for maintaining said distal
end in a displaced condition in a direction other than
parallel to said longitudinal axis,

a force transducer for measuring force

15 tending to restore said distal end from said displaced
condition, said clamp being rotated through at least
about 360° of angular displacement during said
measuring. while maintaining said distal end in said
displaced condition;

20 memory in which measured force is
associated with angular displacement; and

a processor for calculating. from said
measuredlfbrce associated with angular displacement,

said preferred angular orientation.

119. The apparatus of claim 118 wherein said
processor identifies an angular displacement associated

with maximum measured force as a hard side orientation.
120. The apparatus of claim 118 further

comprising a motor for rotating said clamp during said

measuring.

AMENDED SHEET



PCT 19, 13868
IPEAIUS ¢ 4 JUN 2001
1 0 NOV 2003

- 80 -
121, The apparatus of claim 118 further
comprising an actuator for displacing said distal end

into said displaced condition.

122. The apparatus of claim 118 wherein said
processor identifies said hard side orientation after

calculating said preferred angular orientation.

123. The apparatus of claim 118 wherein said
processor identifies said hard side orientation prior

to calculating said preferred angular orientation.





