WD 02/ 056977 PCT/ USO /4990176 FEB 2005 METHOD AND APPARATUS FOR N%@ﬁg%lNG
AND ORI ENT® b6t #+ CLUB- SHAFT Background of the |nventionp@hiusei/ vy 005
relates to neasuring-and 5 orienting a golf club shaft. Mre particularly,
this invention relates to a nethod and apparatus for automatically and
reliably identifying the |ocation of a planar oscillation plane, and
particularly the prlnC|pal,pIanar oscillation plane, of a golf club 10
shaft and for aligning that planar oscillation plane in a desired
orientation, as well as for determning paraneters of the golf club shaft,
such as roundness, stiffness and straightness, that characterize golf club
performance. 15 Wien a golfer swings a golf club, the shaft of the golf
club bends or twists, especially during the downswi ng. The direction the
shaft bends or twists is dependent on how the golfer |oads or accel erates
the club, but the bending ortwisting direction and 20 magni tude al so are
dependent on the stiffness of the shaft. If a shaft is soft, it wll bend
or twist nore during a given downswing than if it is stiff. Additionally
if a shaft exhibits different transverse stiffness in different planes --
i.e., the stiffness, 25 roundness and strai ghtness of the shaft are not
symmetric-- the shaft will bend or twist differently depending upon in

whi ch pl ane (direction) it is |loaded. 16 FEB 2005 MD 021056977

PCT/ US01/ 49907 - Inned h ?ﬁ head of a golf
club with a golf baII %ﬁﬁﬁ %é? %ﬁ%ﬁ? EP ough significant
vi bratory novenents in both oe u domn d|r ion (plane per pendi cul ar
to 5 the hit direction) and in the |ead/lag dlrectlon (plane parallel to

the hit dlrectgg@k%r%%§%a M has shewe ;e shaft of a golf club vibrates

up and down in

This invention relates to measuring and
5 orienting a golf club shaft. More particularly, this
invention relates to a method and apparatus for |
automatically and reliably identifying the location of
a planar oscillation plane, and partiqularly the
principal planar oscillation plane, of a golf club

10 shaft and for aligning that planar oscillation plane in
a desired orientation, as well as for determining
parameters of the golf club shaft, such as roundness,
stiffness and straightness, that characterize golf club
performance.

15 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

20 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,

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



up/ down direction imediately prior to inpact with the golf baII }E S up
and down novenent, known as 10 "vertical deviation oscillation, 1@ ﬂ

def | ecti oo 0&wP17l ati on” or "droop oscillation,” can be aBCT@Bgﬂum$7 1.5
inch (3.6 cm. Inconsistent bending or tmﬁsting makes it nore difficult
for the golfer to reproduce the downsw ng shaft bending or twi sting from
club to club, 15 thereby resulting in |less consistent inpact repeatability
wi-thin the set. Because any inconsistent_ Jbending or tw sting due to
asymmetric shaft behavior imrediately prior to inpact is substantially

i mpossible for the gol f ep taice rrl?c#)r\i/io&htgi $har i 'St?ac’%""'dfg tHMhe2®

reduction in the aforenentlone [ati on i medi ly prior to i act

will help the g8l Regoilfipedi® Mishop BEAL bapact thepededsi 9% rhe waldby

enhanci ng perfemangges Ihh_»&uga tsﬁ.%%lff(iﬁaﬁ@ mb§a@5r§4 |mo$1|é|n{e|nt|se\5§i s. In
addition, a golf ¢ pr.ior 25 to_inpact, "spr.ings formard

in the dlrectlﬁﬁtﬁftpﬁet°§h89? dﬂ§e€5ﬁﬁﬂnKQIPQFePEQHQH§%%¥ B ck"
of the shakt. tht hhtlalﬂe&tubhe b@danal yre aadd¢uagnﬁy&edﬂﬁﬁi iplamenay

that the kick d bl t hi haf t t | d
ot ove t he. goPrERLLe30tRpEbe P, Bapliihie | RESERTsh PR TR e
bal | . In.otheshmﬁtdsfthegshéftlubuhdbhateslegsanﬁ dotendenthe toe’bob” up
and down | mdhﬁkﬁb%np& %cEgoh”E%%dﬁESig ?Sr&gBr 2yl ’i a%aﬁéght the

repeatability CONsi S ent ng of tw contr| Ftes
nmovement s of tEelélbﬁlheadThhétumoapd ﬁéwnbéoﬁﬁ@géﬁb knpwoh@sshaft had been

perfectly synmei{Ei¢s &0 Ee%hllaléﬁ 65@1%@%10% wO 11%-%‘:@51@%17 REVEQ 19907

- 3 shaft manufacgturers attenp uild_s ts with symretric stiffness
to mninize i nB8RILIREAPRNERE] &rBPP PﬁF%@Fﬁ&lBHrlnﬁaphéesﬁﬁnéarﬂﬁtaés a

result of manyfiast ancAg (LiMst @tnl)onsInt:onsldtéhtcubhdtmgbwﬂ gwdstipef fectly
symmetric golf ub sFaft. Sge%lflc I¥, iE 'S known _t hat
br the go

‘result of irre86k8F| e&°5F ticu o 8 e produce"tnd
: downswing shaft bending or twisting from club to club,

15 thereby resulting in less consistent impact
repeatability within the set. Because any inconsistent
bending or twisting due to asymmetric shaft behavior
immediately prior to impact is substantially impossible
for the golfer to correct with his or her swing, any

20  reduction in the aforementioned oscillation immediately
prior to impact will help the golfer improve his or her
impact repeatability, thereby enhancing performance.
This is true for golfers of all skill levels.

In addition, a golf club, immediately prior

25 to impact, "springs" forward in the direction of the
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 that the kick direction of vibration is
stable, this shaft position would improve the golfer's

30 ability to repeat the impact position with the 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

35 to movements of the club head that would not be present
if the shaft had been perfectly symmetric. Golf club



variations in materials or manufacturing processes, golf club th@gﬁwh@ve
a preferred angular orientation. For exanple, it is sonetines sail a
gol f cl ubVaA®EhHft has a "spine" whose orientation may bePCEUgHIPIGant .
(See, e.g., U S Patents Nos. 4,958,834 and 5,040,279, which are hereby

I ncorporated by reference in their entireties.) Therefore, substantially
all golf club shafts exhibit sonme degree 15 of asymmetry which results in
sonme degree of inconsistent bending or 1w sting during the swing. The
asymmetry of golf club shafts can result from nonsymretrical cross

sections (ShaféﬁaﬂboagnﬁfaaeuréegtaeaamgtetaobuﬁgundhaﬁtwhaiehmalI
t hi cknesses are 20 not u that are not .s Qr shafts

f ts
whose naterlalsﬁ?%ﬁE¥%Fe§L%gF§£§Fo RA™LREMEF P LRFEPEAE en&f Fﬁglgﬁapf Cross
section. Becausweistihg dsunhaganheaklWyngppbsasi bkeat aebuilkdod perfectly

Symret 16 99! ha gl ¥bcaNalhoad e OBRECtL Vel 8,k LA TLEC L8

|nconS|stenC|é§ FoT G fron1se?lto set
within a brandperfEQthssgmmsérle9Ob§ssibbeShaﬁtanaspzeléachlgybflCIub

shaft in a set;ofyegol kn6lHPERLE, uageaskaeqltt afaﬂ%shiael@%egl Bg or

tw sting behavior, and construct the_go clubs 1n set to maxi m ze
consi stency fréaFERbboRs éPuBaRFFﬁFﬁSaors@FnﬁﬁBCFPERPEePrPSe§§?SmAth|n a

‘brand. It has §een eeBYBhaeds- naeega, irBfake¥a- ahgaoapobatiedtRatent No.
5, 040, 279 -- that aIthogg substantlg al | IE cl ub sh?fti xhi bit sone
ubd Lgp YR

degree 35 of aSyMme¥XRYP Fanfi 8PRG & yS§6 hbasHRf bits at
| east one Doi ephaft ohasnawhsplhinewhehotheotfiehERL2605mMp 62/ 1156977 PCT/ U

/ - I d dl d
g?iplgggg7at f%%g?fégc%ﬁgcrg g?aﬁ% Ifgr {géhggkéPge B?%afg 9% ?enaln

substanti al |y phdnar04Thav9i swhihb ashahe;abYl}nenapnrsubdthmtlally in a
single plane apdro LHB-1iR PhelibeenPatbeekl )vi BhatesBack and forth

substantially all golf club shafts exhibit some degree
15 of asymmetry which results in some degree of
inconsistent bending or twisting during the swing.

The asymmetry of golf club shafts can result
from nonsymmetrical cross sections (shafts whose cross
sections are not round or whose wall’thicknesses are

20 not uniform), shafts that are not straight, or shafts
whose material properties vary around the circumference
of the shaft cross section. Because it is '
substantially impossible to build a perfectly symmetric
golf club shaft and the objective is to minimize

25 1inconsistencies from club to club in a golf club set
and from set to set within a brand, i1t makes sense, if
possible, to analyze each golf club shaft in a set of
golf clubs to understand its asymmetric bending or
twisting behavior and construct the golf clubs in the

30 set to maximize consistency from club to club within a
set and from set to set within a brand.

It has been recognized -- e.g., in above-
incorporated Patent No. 5,040,279 -- that although
substantially all golf club shafts exhibit some degree

35 of asymmetry,vsubstantially every golf club shaft
exhibits at least one orientation in which, when the



substantially along a line. It is also recognized in above-incor pp§ &Egdjgs
Patent No. 4,958,834 that the construction of all golf clubs wthin a set
wi th theiwOndsiett i ve pl anar 10 oscillation planes ("POPSPrTarsoemed in the
same angular direction relative to their respective club faces wll
exhibit |less inconsistency in shaft bending or tw sting during the
downswi ng than a set that has been haphazardly or randomy constructed. In
15 particular, a set of golf clubs normally will function best if the
respective preferred angular orientations of the respective golf club

shafts are aligpedd nd NG amdtid A &Y ifdximall, &r BURBIANdR |dhg
perpendicularly to the respective golf club faces. 20 However, heretofore

there has not Kd&®IAFRA @bnidi &hP atsnaest Wyt o Idsiadriam @ i tihe

cons; stency t%a&a;L mtler@n&fiéa sﬁﬂ:lsftaﬁitlilaflihﬁfptlatrﬁ&&{f. wcm{ad;l ?ﬁlé,lovtbhe .
manuf acturers o ers .to predict.the perfqrmance of, a. golf clu aft.
And whi | e copeﬁ‘%’ia% , ‘“Qé‘r?rr&rﬁp’%?% sé’?sﬁ%&a& it é§ St sz‘é’@llfgtp&ﬁn%ﬁ$cat i on
No. 09/494, B25thki ltdg feebither whb £2600,1 whibataties baekelaynd ifoaatpor at ed by

reference in its.entirety, d t hod and apparatus for determ ning
the preferred Sgr?%tﬁaarlrt%'d%ﬁilglggl\gﬁlgn%off%egoIf club shaft, that nethod 30 and

apparatus were partly mafdifalis @ida eldangndzesn in adoatsVieaosgarafiasd whi ch,

in identifyingpddndfo, ASYdd HION RIaRGe IS HdRAHT Y@ PN £
oscillation plane other than the principal planar aoscillation plane.. It

woul d be desir &3@st §igdiahide s&& Wi dded B3reppersd Vandla3ser at us for

qui ckl'y and or elds@iiliy atdeire plateig (ropyef ediestaagumatHy ieidat i on of a
gol f 16 FEB 2005 0 2/0 %69 7 7P ./US%l/ 9Q7 -5 club shaft.. It also
woul d be desir&FP&HS Fd ¢ Yo - i'Fe “& metHSd THTE EatU® or usi ng

t he det erm natfiaee sofwitlie gxiefdntr dek ssndulcamnsdrsitentcyt iion sha ftadearditrical |y
assenbl e gol f %lrUtE%i\@ttingeMirn?&%cé id\{:%mswing than a set that has
been haphazardly or randomly constructed. In

15 particular, a set of golf clubs normally will function
best if the respective preferred angular orientations
of the respective golf club shafts are aligned in the
"hit direction" -- i.e., substantially perpendicularly
to the respective golf club faces.

20 However, heretofore there has not been any
convenient automated way to determine with consistency
the parameters of a golf club shaft that would allow
manufacturers or others to predict the performance of a
golf club shaft. 2And while copending, commonly-

25 assigned United States Patent Application
No. 09/494,525, filed February 1, 2000, which is hereby
incorporated by reference in its entirety, showed a
method and apparatus for determining the preferred
angular orientation of a golf club shaft, that method

30 and apparatus were partly manual, and relied on an
iterative technique which, in identifying a planar
oscillation plane, could identify a planar oscillation
plane other than the principal planar oscillation
plane. It would be desirable to be able to provide a

35 method and apparatus for quickly and reliably
determining the preferred angular orientation of a golf



golf club shaft consistently aligned relative to the respectivétkrﬂ%zm%ce.
't woul d WRP¥A¥P"he desirable to be able to deternine paPERbSer&9T a gol f -
club shaft to allow prediction of golf club performance. Sunmmary of the
Invention 10 It is an object of this invention to attenpt to provide a
met hod and apparatus for quickly and reliably determ ning the preferred
angul ar orientation of a golf club shaft.glt is also an object of this
invention to 15 attenpt to provide a nethod and apparatus for using the

determ nati on efiybhenpief er med ;aRguk@i16r benkakieAbiz €oUbe bR ePltaNar
oscillation plane, .esp. the principal ﬁglanar oscillation plane -- to
assenbl e gol f PFAKde( AaAGAOf 6RdaaPBRRELLES| EQF WPLRIe&ER respective gol f

20 cl u]E) shﬁft aeasgmtiﬁatli?naﬁfgmé bekdbirvedt angharr es@egthvzeoed i f ace.

It is further an_object this inventi t attenpt to,determne

paraneters of SUGORPEAFAR WhAFESrB eaPPal SFBRECEEER SRCHoEFSRRGH Ve

per formances 2§olf adubrdan¢£.wbmhishenpﬁgsemighademelan;vetherehbs

provided a ”Et98958Et§%%?%ﬁy® g c%.PrﬁEe&Bﬁ§g é&%Eh@E %E'ﬁ@%g&bﬁ&eoan gol f
f udi na , the go C

- club shaft abou ["ongi t ~axis thereo ere g ub shaft
has a proxi nal benabier tgr dgpiergibe pagampeepranafaaldgodifscalbeffafsr to

attachment to gj@elf pekul fead orAee2EdLNdnt BetRErBHBRD, the proximal end
of said golf club sﬁaft I's imobilized, and vibratory notion of the

distal end of the golf club shaft is initiated in a direction other than

parallel to thet S-SR L380The vibratory notion is anal yzed, and

fromthe an | yzed WO 02/3%6927 - 6. .16 Fg? ggOS . PCTI Sg&(/4998? %i%ratory
notion the greferred ang FarSoAPefPAFFENnOF s TRk El BV &H & THE 8 F& ub
shaft can thentbepmavkde twomeithdidcand thpapatfer fed angokdy endentation. In

a reliably determining the preferred angular orientation
of a golf club shaft.

It is also an object of this invention to

15 attempt to provide a method and apparatus for using the
determination of the preferred angular orientation --
e.g., the planar oscillation plane, esp. the principal
planar oscillation plane -- to assemble golf clubs
(manually or automatically) with each respective golf

20 club shaft consistently aligned relative to the
respective club face. ,

It is further an objéct of this invention to
attempt to determine parameters of a golf club shaft to
allow prediction of golf club performance.

25 In accordance with the present invention,
there is provided a method of determining a preferred
angular orientation of a golf club shaft about a
longitudinal axis thereof, where the golf club shaft
has a proximal end for gripping by a golfer and a

30 distal end for attachment to a golf club head.
According to the method, the proximal end of said golf
club shaft is immobilized, and vibratory motion of the
‘distal end of the golf club shaft is initiated in a
direction other than parallel to the longitudinal axis.

35 The vibratory motion is analyzed, and from the analyzed



further method according to the invention, the mark on 5 the shbf fEB 2005
I ndi cat i ngotobesgref erred angul ar orientation can be usedpiguspyahty or
automatically assenble a golf club with the golf club shaft in a
predeterm ned alignnent relative to the face of the golf club head.
Apparatus for determining the preferred 10 angul ar orientation, and for
assenbling golf clubs, are also provided. In a particularly preferred
met hod and apparatus, the vibratory moti dh of the golf club shaft is

anal yzed at a plurality of angul ar positions about 15 the |ongitudinal axis
of the shaft. THETGFEXVeMOEn FroEr SSPTEo% FRONLSY IRF AFHe At ol y ¢ he
pl anar oscill aalenlpktade - Thendopdr cilabl ahlayftt eenptibree el mapkaarto

oscillation plane.--.can,he ) di ti. t. each position, the
vi bration freq&gﬁéﬁagF 38%tﬁ%%§%%%%g'ﬁhgg%%%54§#%§§§ﬁ%§%ﬁ f@%%%tiffness,
can be det er ninetheknmaddiodi escoirfinge tohghe ilgveatiion, edhe mank tan
ongi tudi nal, aghg, chAeR BYdIRATILGNGneabredehr ANANA O liitlbadth
restoring force op205|ng t he efPection, and the amount of shaft

defl ecti on, oneaBaRe25s@e EonfmaauphdYsorapgionasd cofl lohasswaitleor nore

particularly, tRerdegueewi®nvihehgolfi €106t shiafr@i At a JRAWERASS.ned

strai ghtness and,stiffness _are paranﬁggr t hat c?arac rize_the

per f or mance of 2&1§BMERE &6 14dVE, EoantSshare Rdn cﬁﬁﬁgr§iW§V§“§ﬁhght way's

to accurately 30 determ apphlresespdvandeeesmibinef tBes prigfleraredf the

Orawi ngs The albgye,and oLRgr 90Lect 5 andoadyantagas -of o chfe Jygnentiqn will
u e fo etal IPe

be apparen pon=consi dérationo | oW Nng description
taken in 35 comjlancpironigiedh t he acconpanyi ng draw ngs, in which 16 FEB

2005 WO 02/056977 PCT/USQ ARARL 1w arh bk redhbetRiC tthiGhay s Tefer to
| i ke parts throughout, and in which: Fl 1 1s a diagramin ich a
flexi bl e gol f apparatus, the vibratory motion of the golf club shaft

iz analyzed at a plurality of angular positions about
15 the longitudinal axis of the shaft. The greater the
number of positions, the more accurately the planar
oscillation plane -- and particularly the principal
planar oscillation plane -- can be detected. 1In
addition, at each position, the vibration frequency of
20 the shaft, which is a measure of its stiffness, can be
determined. 1In addition, if the shaft is deflected
from its longitudinal axis, then by measuring, at each
angular position, the restoring force opposing the
deflection, and the amount of shaft deflection, one can
25 determine the straightness of the shaft or, more
particularly, the degree to which it is not straight.
Roundness, straightness and stiffness are parameters
that characterize the performance of a golf club shaft,
and shaft manufacturers have sought ways to accurately
30 determine these parameters.

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

35 conjunction with the accompanying drawings, in which



shaft is nodeled as a mass to which springs are 5 attached; FI dﬁ EEBS%U(%VS

t he hori 2800zP5681d vertical displacenent, seen end-on, ofCThsoighait of
FIG 1 as a function of time, over two oscillation cycles after an

i mpul se is delivered to cause the shaft to oscillate; 10 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, after fourteen ascillation cycles; FIG 5 shows the
notion diagramed in FIG 4, 15 but as a function of tinme; FIG 6 is a

perspective vi ewkel rafidretice RMRIRAICTRS seFagdirmery 13fkeappafad us according to
the present |nvent|%q'for detern1n|ng the preferred orientation of a golf

club shaft; 20 CRrey ut g ‘'view of a shaft testing assenbly of

t he apparatus of FI G 6; EFIJcﬁ 181158 aﬁdﬂ&g&ﬂmhmv&hwawa)ffl&}slbafet golidl di ng
and rotating aé S §Of tdh ?gparatus of 10 and 7; 25 FIG 9is a
W0

per spective vi Snengsﬁﬁee At ag?«?r?‘ol ;9 3’ the Sgﬁplélrga% Us “of FIGS. 6- 8;
FIG 10 is & pet@petﬁxhe view of a tip mass and sensor assenbly of the

apparatus of FIGS. 6- e 21%ho%sat%éfﬂ%%&@b5% EEL§E£%ﬂM 4h a 30 gol f

club shaft nounted |n the appar at us I'S an en | evat i onal view,

taken from | i AdSPAACEMGNLE| Geenl endatnni OF the §oattclalb Fishaflt a@ef ect ed

in preparationfi@ctassl IdRtdigr, kel ¢ivad ofs@ltlhﬁtll%\fﬁ@ycqus 3FtkkGanl3 is
perspective view of the app ratus . of FIGS. 6- ?f g a narkl assenbly

i ncl uded: WO 03TE58§#; 1s gleliyexed §@o§au§€TFB§ ’FOFPéCl ate&ia f1ow

dlagranlofla preferred FIG. 3 shows the motion diagramed in FIG. 2
as a phase plot;

FIG. 4 shows the motion of the shaft as a
phase plot, after fourteen oscillation cycles;

FIG. 5 shows the motion diagramed in FIG. 4,

15 but as a function of time;

FIG. 6 is a perspective view of a first
preferred embodiment of apparatus according to the
present invention for determining the preferred
orientation of a golf club shaft;

20 FIG. 7 is a perspective view of a shaft
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;

25 FIG. 9 is a perspective view of a measurement
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

30 golf club shaft mounted in the apparatus;

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

35 FIG. 13 is perspective view of the apparatus
of FIGS. 6-10 with a marking assembly included;



enbodi nrent of a nethod according to the invention for Iocatlon 534%5

preferreq“?ﬁi/mgﬁtl on of a golf club shaft; 5 FIG 15 is %U?w/glgﬁ-gra

aload te perforned according to the i nvention as part 0 net hod of
FIG 14; FIG 16 is a flow diagramof a "logo up" conparison test
performed according to the invention as 10 part of the nethod of FIG 14;
FIG 17 is a flow diagramof a planar oscillation plane |ocating test
performed according to the invention as @gart of the nethod of FIG 14;

FIG 18 is a perspective view of a second 15 preferred enbodi nent of

appar atus according to tR&G. piésént a Akevt Hoagtem aét ar pirsifegrede preferred

orientation of eﬁbQEH‘neﬁEUstBafrlEthEHGacégr&§n§ Ebdehel %ﬁ%b@@%h ¥ogw of a
measur enent assenbly of the apparatus of FIG 20 20 1s an end

el evat i onal V|éﬂPBFlPﬁetﬁéagﬁﬁéﬁéﬁ?da§§éﬁBF?téPnFPé.a19°1ﬁIG.u?1 is a plot
of maxi mum out sphfplane acceleration or displacenent, as a function of-

rotational angle, of a s t tip.duri surenent _25 g,the apparat us
of FIG 18;°FIG 22 is apg% 1% ad®a afﬁﬂBVlaﬁagFaQnaﬁe E r‘?it Sgeviation of

the tip centerpetfarmgalaabogdhhgctubthehaﬁVehtmunaabopgmtudfnaheaxis
passi ng throug n of ,t he shaft butt, as neasured using the 30
apparatus of F E;H§§ SEIE?&23E$é a dlagrannatlc vi ew of apparat us
according to the |nvent|BﬁGfoﬂ5as§eﬁbﬁﬂﬂg gbhgramups: a FlLogo24pi's a

cl ose-up V'e“’95mﬁ§r§§%ﬁ”@€¥tC§E§EbQﬂlea&@@ré@ﬁ@rébuﬁhef1Eb€htg§n %o
02/ 056977 - 9 16 FEB 1149907 FIG 25 is a sanple of a
print out usBd pPart of the method of FIG. 14

FIG. 17 is a flow dlagram of a planar
oscillation plane locating test perxrformed according to
the invention as part of the method of FIG. 14;

FIG. 18 is a perspective view of a second

15 preferred embodiment of apparatus according to the
present invention for determining the preferred
orientation of a golf club shaft;

FIG. 19 is a side elevational view of a
measurement assembly of the apparatus of FIG. 18;

20 FIG. 20 is an end elevational view of the
measurement assembly of FIG. 19;

FIG. 21 is a plot of maximum out-of-plane
acceleration or displacement, as a function of
rotational angle, of a shaft tip during measurement

25 using the apparatus of FIG. 18;

FIG. 22 is a plot, as a function of angle, of
the deviation of the tip center of a typical golf club
shaft from a loﬁgitudinal axis passing through the
center of the shaft butt, as measured using the

30 apparatus of FIG. 18;
o FIG. 23 is a diagrammatic view of apparatus
according to the invention for assembling golf clubs;

FIG. 24 is a close-up view of.an assembly
station of the apparatus of FIG. 23;



denonstrate the results of testing of an individual shaft; FIG %@56‘
perspectiwe alogwrof an 5 alternative preferred enbodlnent;ﬁﬁuggﬁh§9 @
assenbly according to the invention; FIG 27 is a schematic el evati onal
view of the tip nass assenbly of FIG 26 nounted on the tip of a golf
club shaft in the rest position in apparatus 10 according to the invention;
and FIG 28 is a schematic elevational view, simlar to FIG 27, of the
tip mass assenbly of FIG 26 nDunted on't%e‘tip of a golf club shaft in a
di spl aced position in ap at accordi ng to the _invention, Det ai | ed
Description of the Inventllplg% 4> &%d 153 é’rf';fat B G hRibhi 1S ‘iat%t its
"handl e end and dﬁrﬁ:p{smmte retee diesact oo Heargemidicc Wiaran timdiwidwaigi t udi nal
axis, then if t égsplacenent direction lies in a planar oscillation

pl ane of the 2 <h the shaft will vibrate in that plane and, viewed .
end on, the distal tip ofFithe Fhafs avparspssitive & irclof anl forth aI ong a
|ine. For copven @ioes: {NBlpdd o CAN cohRd il Gt 0 i e

However, if the displacenent direction is in a plane other than a 25 pI anar
oscillation pl AREOTHNG &R A1 i F¥ANGIRNishaft will vibrate in a notion
~having conponents al ong tig:. XeAXis$ aﬁt%d@ﬁ:ﬂatais: al1eng tairoraxd srer pendi cul ar

to the x-axis, which for conveni e refer 0 as .th
Thi's notion colitf fetRid&esq bae%sea{gb %&gﬁ(‘{j |26 Wﬁq%ﬁm atlliehﬁiftﬁ; Oraét her -
than tracing a sigylfe clib pdeafiorimtiter wesisgobsdlirivey frheagpgratidud nove

W thin an e@vealcto,poeré OEP é@aéhe m}dglﬁ]a t Q[ 4o uI d not danp out (as it in

reality do bé” exp ‘the tip eventually woul d nove
through every point withifEG 352& het Zeraciedipd 1oNe lEvaEe9EL -vily,16 FEB 2005

PCi /USG /199Qfimilar to FIG. 27, of the tip mass assembly of FIG. 26
mounted on the tip of a golf club shaft in a displaced
position in apparatus according to the invention.

15 Detajiled 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 a 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 along a line. For convenience, that line can |
be referred to as the x-axis. However, 1f the
displacement direction is in a plane other than a
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 the
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), it would be expected that the
tip eventually would move through every point within
35 that envelope.



As described bel ow, by observing the tip vibration of the shaftlf fdfielltian
cal cul at VORISRt i cal | y the orientation of the planar &§3TUHEI9%6NH pl ane
or planes. Having |ocated the planar 5 oscillation plane or planes, one can
then assemble a golf club, orienting the shaft relative to the golf club
head so that a planar oscillation plane, and part icularly the pr| nci pal

pl anar oscillation plane, is lined up alqpg-the "hit direction” -- i.e.,
10 substantially perpendicular to the hitting face of the club head -- or
1800 opposite to that di m%chb%'&rllbfe& $He 10 hgp%qjgg@nr{@\ﬂﬁ@ dgeated a

pl anar oscillati,on plane of ol f club shaft, all i gn that planar
oscillation pl ¥dresisn v& tt(]S‘et ﬁélatf('il f Oélleulﬁ:aﬁ’eé'(?]r%’t % 3l ong the hit

gl rect i) f)n but lniafth%l&&ttfl%raﬁp. (ﬂ:]?lbelbﬁﬂllé@ﬁat@o;’rﬁ@ﬂ ojlhfe Eﬂraxmanple it rraé be
esirable to ali att for a particu o] r t rrect _or_induce :
a hook or a sl9% %é‘ltl?ﬁds‘?n PoPts Fg aﬁﬁded%ﬁ’%‘fngcﬁlﬂfa {4'S RIS hook
or correct & sldscca,llmtadmmldmeotoat ®1 anlees , S lvafet mur‘ctrmmlamslemks]ea (d ooki ng
down t he shaft th I rrect .a
hook, one woul F :E tlglbt hgrg'ha t q)chkvw Se &F(?req%ﬁq’%at% go f club,
the directions Bl fead 68 Woaltd 32@1@@&re\¢@0§édatﬂm eﬂiﬂﬁﬁ @fndr ot ati on
preferably ShoFUaQ‘tl%l%%ﬁ.%} RN ol tp%@. pilaras obﬂml%tt&%ry%ia%{@' rigally
hough

that a golf yb shaft fdnctions as It is "harder"” in one

direction al ond1&e¢ pPafdCngs &E Jtiidn IHEFE 4N 7 3-€-30 in the opposite

direction aloon@dbﬁta@imaayowﬂﬂe@m@mmpﬂ ane thﬂwlrslt"ﬂﬁargd@rai'cesmc& ttHe t he

pl anar oscillatj.on %Ine of t?@oghaft can b ferreéi to.as the hard" or
|

"forward” side gt anarfro |1 gtplpé)r‘?’lﬁ:l 1096 1% s Her 0% de,
180 opposite t R4 svapdssiidde, c@nvbagsaorceft@rdr@dgl@m tdwe 11slfttiomr "rear"

35?85827;% Pl ?ﬁ% ne Sl lBMIFORIRANSa £, RS Aligh et hsefved that WO
osc1llation plane relative to the golf club head not

15 along the hit direction, but in another predetermined
direction.

For example, it may be desirable to align the
shaft for a particular golfer to correct or induce a
hook or a slice. Thus, for a right-handed golf club,

20 to induce a hook or correct a slice, one would rotate
the shaft counterclockwise (looking down the shaft
toward the club head), and to induce a slice or correct
a hook, one would rotate the shaft clockwise. For a
left-handed golf club, the directions of rotation would

25 be reversed. The amount of rotation preferably should
be less than about 90°.

It has been observed empirically that a golf
club shaft functions as though it is "harder" in one
direction along any planar oscillation plane than it is

30 1in the opposite direction along thzt planar oscillation
plane. This "harder" side of the planar oscillation
plane of the shaft can be referred to as the "hard" or
"forward” side of the planar oscillation plane, while
the less hard side, 180° opposite the hard side, can be

35 referred to as the "soft" or "rear" side of the planar
‘oscillation plane. It has also been observed that
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per pendi W0 82/0%277 t he cl ub head face may yield different resubdisong -
conpared to a haphazard or randomalignnment. It has further been observed
that aligning the planar 5 oscillation plane perpendicular to the club head
face wth the hard side of the planar oscillation plane facing toward the
club head face yields a different result %hgn al i gning the pl anar
oscillation plane perpendicular to the cttib head face with the soft si de
10 of the planar. os

I h I
Vor eover . |1 cosionEbre ¢l BhahAacsel ianPibs Pilpt BerbRasaRIR, BER
-there is a greaherclubkhbadoﬁdcehaaytheeMQedlﬁferhoserebubSSMﬁBI be able to

achi eve more unbhgsmandocanslshent aestl inachossighhed® ookt lubs in the

set, which can be expecte esu OI‘ mancé enhancenent. |n
addition, it hE&rBen Bsgérvéaeéﬁﬁdrteatl9119ﬁa99at§6|Plénas shaft may have

sever al p'a@aros@§21£tQbhoﬁlahén?érpéﬁﬁﬁ&ﬁlarltohﬂﬁebeﬁﬁbfﬁéad that 20
there is a prlnclg % g gn gfé ane Cii h al so may be
referred to as"the pRanBasf ﬁﬁ ?ﬁﬁFIPFﬁ Eﬁﬁp)p BBFf cl ubs

al i gned based ﬁ@C1h§etpwaﬁdlphé plahaheaacfhtatymelpbaaed¢ﬁﬁeben6xpected

to result in o or ce n nt u IS p055|ble to
derive the or %%@g# a8f ?agn P%ngﬁeo C|??at|oﬁf%#ggégor %?anes

precisely usungenpﬁn@maulealtoetha!qheb bazédfaneduibh thel ecfedshge

di spl aci ngy § he fh@ﬂé %iQnQPdSQELQTéBQO%hﬁlaﬁgakgciﬂgvggﬁéka tht L$ub

conputatlonall%% nE derive the orientafion an iferafive
t echni que as ped - beMBREOTRE, | £ Er QVETE BeéﬁnFﬁHE éBnabg&etcafri ed out

usi ng GQUIpnen§01ﬁa&1uBQuggssymblaflpnamigﬁedgotheﬁéumssaagfeatea plurality
of angul o ort Pk eligllss REEOLELG L pysel LighLof ol B2Cchinc po
the shaft is rathiedemaoval iyifora ard conenstenbnrésults across all

15 golf clubs in the set, which can be expected to result
in performance enhancement.

In addition, it has been observed empirically
that a golf club shaft may have several planar
oscillation planes. However, it has been found that

20 there is a principal planar oscillation plane ("PPOP"),
which also may be referred to as the plane of uniform
repeatability ("PURE"). Golf clubs aligned based on
the principal planar oscillation plane can be expected
to result in optimal performance enhancement.

25 Although it is possible to derive the
orientation of the planar oscillation plane or planes
precisely using mathematical technigques based on data
collected by displacing the shaft tip and allowing the
shaft to vibrate, it is computationally simpler to

30 derive the orientation by an iterative technique as
described below. The iterative technique can be
carried out using equipment that induces vibration of a
golf club shaft at a plurality of angular orientations,
measuring the tip oscillation at each orientation. The

35 egquipment can be partially manually operated, in that

“ the shaft is rotated manually to a new orientation for



WO 02/05(977 - 12 16 FEB 2005 PCT/USO1 /49907 measurenent, or{gEges pjgent
can be usedobmsesdi ch the rotation of the shaft to each SW@&ﬁﬁHﬁﬂbo7
position, after conpletion of nmeasurenents at the prior position, is
performed automatically. If the rotation of the 5 shaft is perforned
automatically, the equi pnent can be operated nore quickly, allow ng the
golf club shaft to be neasured in nore angular orientations, which can be
expected to produce a nore accurate determ™ation of the principal planar

osci | 1ation bl ang,. 48 The,prelersad dlocetian oL a.ehanar, psgitigti on

plane -- 1.e., case of anar - osci | AtTon prane, the
"hard" side of tﬂﬂt%ﬁﬂdn QﬁLﬁh@kﬁhaft t@amm@h %@bEQQQ¢n¢nB@Sh©;QEnat|calIy

from nere obsera/iagélor]:&ﬁoiné’&_iﬁla%f rﬂéé?sui@fﬁéﬂgrgt tl@ea%:?f’oa?rxl%ﬁffgn,

enbodi nent of the Inventi e or butt end of the golf club shaft

i s i mmbilized, xm@qnﬁprmdt%%xc%lwspI%cféHe bRREPB UPAIERD the
| ongi t udi nal @XIﬁlaz?@dlé heeFEstidd Bt Shst€ically & théhequiphss: tendipg to

nove the tip back to i neutral 0 on, - - whil e_t he shaft
is rotated, frd?ﬁeflf‘?é:qurﬂh‘?ree HifLC %f Oﬁii%“t’lﬁl%a@?e a%‘gfj#l %g‘é% SHREE GRgle
at which the restbeormer@dmd:em sngreadesilas enienvat Cahs prwihich heahabesi de

of the shaft. ALhougie (il anale. uouglly JiLloooL ald g pLeci 581 e th

the 25 orientati nC|pa pl'anar 0SCi
i ndi cat e whi ch dfhe rrerxwgmbspbmazom@mhlabmn Iglaltléhe princi pal pI anar

oscillation ff ane correspopgs ggféy_erg@r@lllség@l&fl bhey p%iélﬁ‘é_:pm pl anar
a

oscillation plane., Moreover, startlng one's anal ysi s the angl e 30 of
maxi mum | oad carPHellebdfckde P13Re eatl brie- t oL} i Fee t Fase of nehp R T Hrakrtl

oscillation pla ra&la{leroéém&i’lﬂa@f 1dhe, %mr'-m@@arsm@léfa&n@r%mﬁnes of
Che et Th = LB oL Liohabe L erbodhnarh L, OLER, gt

mere observation of the shaft tip. Therefore, in a

15 preferred embodiment of the invention, the handle or
butt 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
force tending to move the tip back to its neutral

20 position -- is measured while the shaft is rotated,
from the handle end, through at least about 360°. The
angle at which the restoring force is greatest is an
indication of the hard side of the shaft. Although
this angle usually will not align precisely with the

25 orientation of the principal planar oscillation plane,
it will indicate which of the two possible orientations
of the principal planar oscillation plane corresponds
to the hard side of the principal planar oscillation
plane. Moreover, starting one's analysis at the angle

30 of maximum load can be expected to lead one to find the
principal planar oscillation plane rather than one of
the other planar oscillation planes of the shaft. This
is particularly true in an embodiment in which the
shaft oscillation is measured at only a relatively few

35 angular positions, such as the partially manual
embodiment discussed above. The initial position is
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above. The initial position is WO 02/0-5697 - 13 16 FEB 200

PCT/ US01/ 49907 | ess inportant in an enbodi nent in which neasurenents are
taken at relatively nore angul ar positions, such as the enbodi nent

descri bed above in which rotation of the _golf club shaft fromposition to
position is carried 5 out autonatically' Pg €ither case, the starting

orientation al so can be ted ar bi Once_ t,he preferred angul ar
orientation ofiﬁﬁé H&qui eﬁ%?%ﬂ déPeWPl gdm%ﬁﬁgqﬁmeﬁgﬁe mar ks
preferably arearmdeamm e &hﬂfaltltv@llyndﬂo&‘&t englod a10 ppredfrdioned aughl as
orientation. mar, K t catiqn.aof a pI nar
~oscillation plgﬁg &P%&t Be §%¥3Fﬁ%hg%%relaP’gglﬁgsﬁﬂgﬁgaﬁﬁthfregpect to
a planar OSC|Igaﬂﬁowlmbaﬁ@afEaéhoma@bS@anObet@a@@Sl@spmg1mnwa@m1§§|nt or

can be etched butto t\ﬁlﬁ%n{%"&r fc%ﬁ.‘?.g/l5 of fea%h§h}akas@s' RGN a}%&n@,ﬁchm que,

such as a mechanical, el ectroétatic or laser king techni que,
marked | abel (e@rgentationcidecocageds Fedsntsd a&EﬂFFééllﬁhce t he nark or

malr]Ifs lha\l;ezgeﬁn nmade, th@)ﬁcecl%lheb%r@i%ﬂ'rbal alk)lgmatrP%r?@?ﬁbtﬁ@hﬁbkgvehlbo a
golf clu ea as u a e _marked _pl anar
oscillation plgﬁgfoF 38&2 b@%b%§% pe%§rm§38§t Ty MOZPpBREKEUI ar
to, or at SOWEprEemabd@smmedmaﬁee@hatmanswaEh tesna@uchaﬁ the cl ub head
face. 25 The alignuent of g shafl Le the.cl ub leqd can. hefer farmed

manual | y. ref rabI Y, CI|I y Pprovi |ng a nar¥|ng on
the club head &e maglel atoﬁhﬂ'lwgaﬁlpmeOﬁo@epléﬂamopéclﬂdaWhp@hpéanank|ng

on the shaft car he al igReE tePm i #cAReRTE! YosIRiBE wiknakks n%‘é@t %lf
club. Alternatively, in anqther preferred enbodi mrent, an assenbly machine

mtes a gol f & BE3REEd o864 1861HO: PBTShat F2Chaliakikn §agp Den@ade

using ink or paint, or can be etched into the surface

15 of the shaft using another technique, such as a
mechanical, electrostatic or laser marking technigue,
or a marked label (e.g., a sticker or decal) can be
applied. Once the mark or marks have been made, they
can be used to align the shaft relative to a golf club

20 head when assembling a golf club, so that the marked
planar oscillation plane of the golf club shaft is
substantially perpendicular to, or at some other
desired orientation with respect to, the club head
face.

25 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, on or near the hosel or bore, to which a marking
on the shaft can be aligned to form a properly "spine-

30 aligned" golf club. Alternatively, in another
preferred embodiment, an assembly machine mates a golf
club head to a golf club shaft, matching up the
alignment markings in the process. In this embodiment,
the golf club head can be attached to the shaft

'35  immediately after determination of the preferred
angular orientation of the shaft, with the shaft still



alignment markings in the process. In this enbodi ment, the golf1§ﬁﬁ52ﬂﬁad
can be atWaehew9to the shaft 35 inmmediately after deterni RETIUSHI/ PO he
preferred angular orientation of the shaft, with the shaft still WO

02/ 056977 - 14 16 FEB 2005 PC /US01/49907 in the chuck of the planar
oscillation plane locating station (in that case, the application of a
visible mark to the shaft exterior can_bggonmitted, although it would
still be useful for later repair operations when 5 the club is

di sassenbl ed) . iAl Itqaﬂén@hhmﬁ BE ithed pi%ﬁfﬁ&d oswanilamtiosf phhire amkediiment, the
shaft can be renD% fr,om ¢ pl anar Cl|pa on plag&tlocatégg station
and rmoved to &CterdOPaddEnts %ﬁ sﬁ%ﬁQﬂ1 & VigdCatnts for
any speed diffmaektt&lthetwmeﬁttbmu@nmmr'ch& @&cmhhﬁtedn 1 ie ugtc diti ng
process and the club e p ess,. I the nar J i_0 | ane

- l? F&%tg %% YR F%. 1 ati%h %h%

| ocati ng proceggu than enbl pro ess fTor e
assenbly st &ti che chab pBadaﬁas&amuMedﬂlonAQtam@duNmmiwngl$tatS@nsndan be

provided. 15 'tfa&Ii‘an%' U 233l RQEeES ‘tﬁef 3% tcﬂﬁabteh‘ie Faar

oscillation plane locating process, nore planar _oscillation ane | ocating

stations than &F@R §§§eFBPFaISP§ﬁ¥%¥§Q%%ﬁ @éaﬁﬁoﬁpﬁéélnﬂhséﬁﬁﬁép gase, it
is preferabl emb@epr @ de c@u&oléfé;%ren@ﬂyo'fsl&@t ioft. er Mddisata rdGnt deteef or

hol di [ I fts_bet | | at I I t
tati on and thESERIBtoateinBrY SERACDAL BRRAFARL GRERAR A e BlcoFon
shafts to he helsd¢ildatienheipere, louiatiihgf prosess aedsdahe tdlete 1S a
breakdown or other Aot k;%%%‘ésat Y 2R g‘i‘%%trr ﬁ%@lﬂflatt*lgrﬁ k;‘i%nésse”b' y

station or stafions, can ser unt
reservoir to é@@@punsh@ﬁp§eﬁﬁomaﬂﬁaameznaha@s@hﬁl@ﬂM@naﬁB@m@lYIocatlng

station or stapigRgsg, “n@%‘ tc'1% ta%se%%‘ RGathe R 2han 3a08¢ |l ation
pl ane(s) of golf c¢lub shafts,
oscillation plane locatlng stations can be provided.

15 TIf the club assembly process is faster than the planar
oscillation plane locating process, more planar
oscillation plane locating stations than club assembly
stations can be provided. 1In either case, it is
preferable to provide a hopper or other intermediate

20 station for holding spine-aligned shafts between the
planar oscillation plane locating station and the club

- assembly station. Normally, one would expect few
shafts to be held in the hopper, but if for some reason
there is a breakdown or other bottleneck at or

25 " downstream of the club assembly station or stations,
the hopper can serve, until it is full, as a reservoir
to accept shafts from the planar oscillation plane
locating station or stations.

In addition to locating the planar

30 oscillation plane(s) of golf club shafts, whether for
re-alignment of existing golf clubs or for the assembly
of new golf clubs, the presént invention, and
particularly the embodiment described above in which
rotation of the shaft from one angular position to

35 another for measurement purposes is automated, allowing

measurements to be taken at more angular positions,



re-alignment of existing golf clubs or for the assenbly of new YpFFB ¢l0kbs,
the preseMP 2Hi8Ation, and particularly the enmbodi nent dBEEMSHEYEbove in
which rotation of the shaft from one angul ar position to 35 another for
measur enent purposes is automated, allowing neasurenments to be taken at
nore angul ar positions, WO 02/056977 16 FEB 2005 PCT/ US01/ 49907 provi des
the ability to neasure certain characteci gsgics of a shaft that can be used
to nmonitor the shaft manufacturing process and the quality of the

‘ resugtiggf shabF?V1EEeseheea?uueﬁgnteseeasn&evFgetaiﬁuahhﬁhe@b&?etacs

st andar or golf s acture. Specifica at each_angul ar

“posi tion, when®%tReS gﬁgF?%BP dgﬁPeEFeHsﬁﬁdLQIWB%&EOFotgﬁbﬁgﬁgg t he
frequency of thansfiaidtudibgaprocesan ahd nhasquadltThbﬁ thanrkeudadegsi nply
by count | ng therher sy (R el dencLiE, L0t EYE: 03t e irati ng

shaft passes a pai nt.” one way count ng function
to provide & Iﬁghmd@G@ré@rag@lé ph@ﬁ@de&e@ﬁectand to count the nunber of

times during the given tispRJiRtignvak, that Lhe Beambropbthe: bhghtm gurce i's
15 interrupted by the V|b%§fﬁnl S| nean a? grnatlgg %e grre% met hod,

t he OSC|IIat|oﬁ@eréééﬁﬁedbeEfa@ééﬁéréﬁ@téﬂléﬂﬁé F@e@lbeﬁéﬁb #ehin a
par ti cul ar {1 mexcfibgiogabo L anebereguniagzaPleq bhe sBanaskareali Cryibrati on

frequency 20 has geegﬁdeternl the s rlngﬁéonsta t OL t he shaft, which
is a neasure of 3t £EEFFNESTP gaHYbEO&Bgﬁaﬁ. Feauﬂgefr 4PRgiPh8 shaft as
a prlsnathobeQEWeﬁftﬁn&s1Mcem&adethmtnghbhelsaatmggcehaﬁanpasbesfaon1the

frequency, f, reIa n / 0: Th tlf e f the
shaft can then be %hgggb erlgk% %g&p %ag%oFg%t Sgég gnfpg %
described in nmsetOd@tlmVIldl@elaowlghﬂ: éa@wcanguﬂaa pbgtpdeﬁecaoroaadt egt can

al so be adm ni ghened.tHY ndgileecdengikbe &lidfihgt BhAUGRvEN time

interval that the beam from the light source is
15 interrupted by the vibrating shaft. 1In an alternative
preferred method, the oscillations recorded by
accelerometer data (see below) within a particular time
interval can be counted.
Once the characteristic vibration frequency
20 has been determined, the spring constant of the shaft,
which is a measure of its stiffness, can be
approximated by treating the shaft as a prismatic beam
of mass M and deriving the spring constant, k, from the
frequency, f, using the relationship £ = (k/M)%®*. The
25 stiffness of the shaft can then be characterized by the
value of k at each angle, all as described in more
detail below.
At each angular position, a load test can
also be administered, by deflecting the shaft through a
30 fixed distance, d, transverse to its longitudinal axis
and measuring the restoring force, F, generated. From
the force, F, and the spring constant, k, determined
above, one can determine the deviation, &, which is a
measure of the straightness of the shaft, from the
35 relation F/k = d + 6. The straightness of the shaft can
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restorin generated. From the force, F, and the s r|n const ant,

e
k, deterﬁvﬂgﬁﬁ(gﬁove one can determ ne the deviati on, l@ﬁ”'?"é

measure of the straightness of the shaft, fromthe 3S reI ation F/k = d + 6.
The straightness of the shaft can WO 02/056977 - 16 15 FEB 2005
PCT/USQO / 499117 then be characterized by the value of 8 at each angle, al
as described in nore detail below The i_nygntion will now be described with
reference to FIGS. 1-24. 5 If the handle end of a golf club shaft is

clanped in a cleygn tﬂ‘@tcmé&émesm&yt e vzantal dg,5 atdweaadrpdﬁqg&toward
the tip of the disstal end of the shaft, the s?gft stiffness can

nmodel ed, as sh i35 dasgriPedzd i TS fahadl PeLit 10 can be consi der ed
10 as a mass m havi ng twrisprimgstfordiviflar ettw 4 idepcrided anttsh k, and K.

connecting it in ortho irections to two different surfaces 11,
12. if shaft 1(37‘5\25[1(5r r‘sﬁﬁr&é?&q@aﬁ a"&%ff then k, and k. would be equal.
Nor mal | y, hQ‘;wever k, andkZlsr enatidlfeereard .of ]aBg‘cmﬁ adtub ighadfite dwere to
clanp the shaft é)eedvernal dcllam et or| nj At 'h%nsshaaﬂ:d l_Jteoarclztc)gn:mafjf asure

t he horlzontal verti ¢al orlngl¥brces one mgh er ent
sets of val ues tlh@tn K00 kaimgs ICOWa‘Iihie tﬂrﬁ(te-pzofaszheslﬂnﬂtal §rtdn@ﬂ‘ drtee i nposed

to displace the;tig ofciRD L Qarf 1l G KRS DD 4P

oscillate. FIG 2 Shows t nor ma I zecf hor i zont ‘'vertica

di spl acenent offIthe W+ bdt |Srf§nt iig FIGhdt shaftasth Famds swnstidenad over

two oscillaty onC¥ClRsss W tﬂhvm_T A RN r 13D Ioaszeamex(eﬁt rgprigRent ed by
the solid 25 line 20 and vertical displacenent X% resented b t he
broken |ine 21CORSEFRGH MhemPniei aPma?gToPa%. hy OFY,‘ PEERAPBRRY at an

angl e 0--400 t @ithetivdz oy alwo dilfEerRmheisidesans dizspl agement of the

tip of shaft 10 were symmetrically stiff, then k; and k, would
be equal. Normally, however, k; and k, are different.

15 In fact, if one were to clamp the shaft in several
different orientations, and each time measure the
horizontal and vertical restoring forces, one might get
different sets of values for k; and k,. The force F, as
shown, is the force imposed to displace the tip of

20 clamped shaft 10, e.g., "o cause the tip to oscillate.

FIG. 2 shows the normalized horizontal and

vertical displacement of the vibrating tip of shaft 10
as a function of time over two oscillation cycles, with
horizontal displacement (x) represented by the solid

25 1line 20 and vertical displacément (y) represented by
the broken line 21, 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

30 y -- i.e., FIG. 3 shows two cycles of the path the tip
follows as it would be seen by an observer viewing the
tip along the longitudinal axis of shaft 10, looking
toward the handle end. FIG. 4 shows the phase plot 40
after fourteen cycles. BAnalysis of these observed

35 motions yields the location of the planar oscillation
plane -- i.e., the angular orientation of shaft 10 in



shaft 10 as a phase plot 30, over‘two cycles, inx and 30y -- i.¢p 1FEF'_Zﬁﬁ5

3 shows twe @ywebes of the path the tip follows as it woulpdtgsesasn-,by an
observer viewing the tip along the |ongitudinal axis of shaft 10, | ooking

toward the handle end. FIG 4 shows the phase plot 40 after fourteen
cycles. Analysis of these observed 35 notions yields the |ocation of the

pl anar oscillation plane -- i.e., the angular orientation of shaft 10 in
16 FEB 2005 WD 02/056977 PCT/USQ /49907 -117 which, if the initial

di splacing force F were applied along that orientation, shaft 10 would
oscillate substiiliallfy the yinitory tq%afiplcﬁfq@i‘ﬁ &ere Rivere mPRliedtraci ng

back and forth suhs atd@ldyilondich | it A5 wRem idsddBatde the phase
plot 40 of the tip notjon after a sufficient nunber of cycles

i S .
substantial |y S4Riafghet LRrGf i AR i [ oroXHE b3k 1ot W? 1 #2% i oFP pl ane
is that of one tofadiity tivck afddhofsrt]l axest it 14y redmnad €, ivder e each
axis of a 10 rectangle is defined a line md bet n,,and aral l el
to, a respective pair of S%ﬁ dE=H %elagr e{’t at;?tﬁ \é\&yé}%et Oetca 02 e &% rue
rectangle, it vmip dnothieors i ftier entsuff ideitegrtm menkidre of icydlds ans of the
sides, as the orj,entatio f_the . sides an e 2 5 according to the
definition j ustsusbe af%oﬂrlt%fl}gr% Pelcatzarﬂdqelcea] . dﬁ%%e%rgfr%%%%%loprﬂa%é l%)yllf’\(’)t 40 of
the tip notiorpleEnar goddikslatfiommplane e that wf ravt ofylEdie tiwd ess one
observes an infinife JPUUH Mhich d s | n At | Laln first,
it would not bed%oﬁ%omrﬁéﬁg%gdcﬁ% abl e an%, “'second, the g%g%llstg% I ons

of the gol f1&| vieatmdleoris mafineddfm dEieforday hetesctarl e coul d

beI oblserved- Thesefiorel ﬂchh,e a?r_!fés%'gc’ttjj@l p%i;]ile&ﬁﬂﬁ é)i[]dééfTQ)ﬂ VEheéxes nay bef
caloulaled by SeSUDIG (e, LieS, oy UIraugh LG LW, vl 588 25, o
rectangl e. Havivyy dufifiictidret thvid detesrndind vthe emtisngla; ions of the
sides, as the orientations of the sides and the axes,
15 according to the definition just set forth, are
identical. However, the phase plot 40 of the tip
motion of a golf shaft may not be a true rectangle,
unless one observes an infinite number of cycles, which
is impractical because, first, it would not be
20 commercially acceptable and, second, the oscillations
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
25 of the quasi-rectangular shape of the phase plot are
the diagonals of the rectangle.

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

30 oscillation plane, and which is a minor axis -- i.e.,
one of one or more less stable planar oscillation
planes. This can be determined rigorously by measuring
the oscillation frequencies along those two axes, as
described below. The major axis would be expected to

35 correspond to the principal planar oscillation plane if

the shaft was caused to vibrate along a direction



correspon rhe princi pal planar 30 oscillation plane, did /W eR%’s a
m nor axis -- e., one of one or nore |less stable planar oscillation
pl anes. This can be determ ned rigorously by nmeasuring the oscillation
frequenci es along those two axes, as described below The major axis would
be expected to 35 correspond to the princiyal- planar oscillation plane if
the shaft was caused to vibrate along a direction WD (12/0; 6977 - 18 16
FEB 7005 PCT/ U} eFm 4988 byl ehed 9 ity byherebsad | ¢vg tie dofleoedhehaft
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t he subsequent campsed odut dewyt ¢ hamping pd brker oslee |4 3 i on dlstnel perdler abl y
are 10 carried tepd t oxl sral |§Q¥€@’ d therefore
the | oad test p%f%&ab%ﬂﬁegg?%%fgﬁ% f hat C\’/\gﬁé wel T/ Iatl&ghoul d al so
be noted that iMeafiringaehe ekead anc @t en ok armke nalth ke a pl anar
oscillation pl aig:1dbed Nahd PienBEcOse] | | Bdudrep) attee loubd&@lantv stepot be
the principal planar oscillation |l ane. FIG. 5 shows a plof 50 of tip
oscillation as Og Rt bie tPirran Qi KR 3 der sieFply are
gzc}l | ati o_nli%cf MEeeith 1l ad)@rﬂguéitﬂf t10s | Zomd e c(;?()pzla@(;i;ﬁnﬁpda_;z@ %What e trace
or oscillatio neasur e ong the vertic axis. Fromthese
traces, frequer?c%fyc Sbe Olaeet‘gkﬁ?nnﬁ%#er?%?? %rr%%ﬁ%@ngl%yC%%nﬁu? he
posi tive-goi ng @D wawysss mgsll Howeveshouhikbsel sdidre zovkted ek veEL ttlbal axes
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0
i

oscillation plane, but that planar oscillation plane

15 likely will not be the principal planar oscillation
plane.

FIG. S5 shows a plot 50 of tip oscillation as

a function of time, with a separate trace 51 for
oscillations measured along the horizontal (x) axis and

20 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
positive-going zero crossings. However, these
horizontal and vertical axes x and y are offset from

25 the planar oscillation plane by an angle determined as
described above. If that angle is denoted 6, then the
frequencies along these axes x and y as determined from
the plot in FIG. S5 can be transformed into the
coordinate system of the golf club shaft, having

30 axes x' and y' that correspond to a stable planar
oscillation plane and one of one or more unstable
planar oscillation planes, as follows, where f£; is the
frequency at an angle @ from the x-axis -- i.e., along
the x'-axis, and f, is the frequency at an angle @ from

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

y'-axis:



descri bedwshwesd77f that angle is denoted 0, then the freguessoiewmbhiFEhdgios
these axes x and y as determned from the plot in FIG 5 can be ‘
transforned into the coordinate systemof the golf club shaft, having 30
axes x' and y' that correspond to a stable planar oscillation plane and
one of one or nore unstable planar oscilkati.on planes, as follows, where
fl is the frequency at an angle O fromthe x-axis -- i.e., along the
x'-axis, and f2 is thesffequeReysdh,anzangie B &M BS i Peoy @RS | 8+900
fromthe x-axis) f;-i.les.” aldng the V' -axis; WO 02/0,6977 PCI/USO/4991)S
FEB 2005 - 19 f1="f2 ffo(-fY2CCS%6¢8§%2&§§Q@SQﬁz§€820+2fx20054e 0.5

f Y2cos2B+f x2Cos2a-f x2 fxf Y(fY2-3f Y2c0s2B+2f Y' Cos 4o0-f x2cosZB+2f x2cos4o0) 0.5
f Y 2 Cos20+fx2 Cos 20-fx2 If fl is greater than f2, then one of the stable
pl anar oscillation planes of the golf club shaft is at an_angle 6 with

respect to the x-axis.|ELf, (A, °F3f)%ees’ohan, ’cb;) 6t hignosher of . che” 81 HBI
pl anar oscill ati of,®l nes_aE4i4Ju;4Egi_fLub?sh%%L44;4u_4uL4ug#£LLL ith
respect to the y-axis i.e., 0+900 fycostdpderst@& fihe x-axis. |f the |oad

test has been perforned and used to determne the initial angle of

vi bration, then the stable.planar oscillation plane so |ocated can be 10
expected to be the principal planar oscillation plane. Although_ this

mat hemat i cal t &dhrfiigds, SESRtedetd@® dungtBRR cPR®fOf hehpl akaPleseiarati on

pl anes al readydddantdtdficd gradde ¢F itHd RRILDIARY <0sGt liaf iaen amdl ane, is
1 gorous and precies.q L dose ot nel e o Lot of JUhe peLaeters, thal mey
the invention,f,astiesconeedfalkhee stathlenpimnerdesailllbeiow, plhhes| edati on
of the pri ncg' paclheolg%riaf_r éJ.LSth lél’ﬂftorisplaacn%n angle 6 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
determine the initial angle of vibration, then the
stable planar oscillation plane so located can be
10 expected to be the principal planar oscillation plane.
Although this mathematical technique, for
determining which of the planar oscillation planes
already identified is the principal planar oscillation
plane, is rigorous and precise, it does not include all
15 of the parameters that may affect shaft oscillation.
Therefore, in another preferred embodiment of the
invention, as described above and in more detail below,
the location of the principal planar oscillation plane
is located to a first-order approximation -- i.e., at
20 least to within the correct quadrant -- by determining
the orientation of the direction of greatest resistance
to bending of the golf club shaft. This has the
further benefit of quickly identifying the "hard" side
of the principal planar oscillation plane, as described
25 above.
A first preferred embodiment of apparatus 60
for implementing the present invention is shown in
FIGS. 6-13. Although apparatus 60 could be made to
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t he correwto gwaghrant -- by determining the orientation ofpctingsidigssst i on of
greatest resistance to bending of the golf club shaft. This has the
further benefit of quickly identifying the "hard" side of the principal

pl anar oscillation plane, as described 25 above. Afirst preferred

enbodi nent of apparatus 60 for inplenenting the present invention is shown
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process as deschhbedebel awraghiewds inageaptdlke thasubt siaplleewer cost.
Therefore, in a.g ga&ticularlé Ereferred ﬁgbgdhgﬁgt, apparatus 60 uses

that sinpler prdCEEEEIVR PRPSSEPefsr FEFEADSHi W 8ppardfds 60 includes
shaft testing aasesbtwyble aeduftscessilogeunicobstl. Phecefsireg umi & 61 can be

any system capaplec 10190, aeessdal AUbAdRLA. T OBLSSIRALS oF4 and 77 of

shaft testing asse perform ng e er the““rigorous mathématica
cal cul ati ons desbrtbesdmpBevepspcesise sinpler iterative cal cul ations

described bel ow. As showgni RhELkGpr@reRiRaessBbalheht  PLgbakakuy dogeneral
15 purpose conpyter such as _a gersqnal conputer, which m e.g., be based

on a PENTI UM cehRFaFdgeo883SEngeshingd( @PSRME2YaVai RREI BTPFERSEREEI
Cor poration, of un$anta.C afacecalinbomia, snuaanNNBeaan§r SieReaf chbable

W NDOWS i t i | able fram M ft 29 Co tion, of
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However, processhaf6ltestlitdgabsechdlard- wndegdeaifocwihyy edthemre ther nore

pr ogr ammed prog%ﬁﬁgﬁ%hg 98hendeY6ss d9eL5at$dns' G bR 1 bUACLLANS Rgcessary

to locate the plra
the simpler iterative calculations described below. As

shown in FIG. 6, processor 61 is preferably a general

15 purpose computer such as a personal computer, which
may, e.g., be based on a PENTIUM central processing
unit (CPU) 62 available from Intel Corporation, of
Santa Clara, California, rumnning a version of the
WINDOWS® operating system available from Microsoft

20 Corporation, of Redmond, Washington, and programmed
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 planar

25 oscillation plane or planes of a golf club shaft. 1In
any event, processor 61 preferably also includes
memory 63 and mass storage 64, as well as interfaces
for the sensors described below.

Shaft testing assembly 70 preferably includes

30 an elongated base 71, which is at least as long a golf
club shaft. &At one end of base 71 is a measurement
assembly 72, including a deflector assembly 73 and a
deflection load sensor 74. At the other end of base 71
is a shaft holding and rotating assembly 75, including

35 a rotatable chuck 76 for holding a golf club shaft.

Apparatus 60 also includes a tip mass and sensor
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processor vodopsse§erably al so includes nenory 63 and mass ﬁ?@gggggﬁﬁ as
well as interfaces for the sensors described bel ow Shaft testing assenbly

70 preferably includes 30 an elongated base 71, which is at |east as |ong
a golf <club shaft. At one end of base 71 is a measur enent assenbly 72,
including a deflector assenbly 73 and a deflection |oad sensor 74. At the
other end of base 71 is a shaft hol di ng” ahd rotatlng assenbly 75,

including 35 a rotatable chuck 76 for hol ding | f club shaft. Agparatus
60 al so |ncIude%s%e?P%Yn%%sw%hﬂhSQHEng1%@?%&?@ a\go s/ by 7ehat
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ol f club s
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assenbly 75 preferably |nk$udeenrnnaFB®leepth&fﬂﬁhohﬁln@ pneéfeobdt yngay be

conventional o] ;ﬁg% X&h, adially
i nward force s%%égéﬁf# 7?38e€£%?% % o%%df%ﬁg S %tg%}gcun$%€g%%e Chuck
76 preferably ishhchnpeeferabhy wayehd erneshiel@malwipeaierabkyably is

journalled in pepgin sa 1Beat 199sn i pysff@kéﬁéyng?tr@aa!pymfdlmaraur)ports
82 so that the axis o ation of axle 80, and t%(I%extenmon that of chuck
a

76 and the gol ffeFe® S%h%?%n%é?%bYt%E%%HY aEouRd etfa2 &F ni ned hei ght

above 15 base 7élrah@f@ﬂén@é axtrudr venpf@féf@m1phy§hm8@nt@dei@r@béy i's
connect ed V|6 un| er Q@ 83 to gfteng oneter 84 tfﬂtdls used as an
angul ar positi of*?s® s% ES%?fBQdPB WP hi VRr $3r 1o nt< 83 prevent s
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nut 85 prefera rovi ded on ronal "Stop to
limt rotation afdakyeeRpempion that of chuck 76 and the golf club

shaft being tested, is at a predetermined height above

15 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 éngular position
sensor as described below. Universal joint 83 prevents
any slight misalignment between the axis of axle 80 and

20 the shaft of potentiometer 84 from damaging '
potentiometer 84. Similarly, a traveling nut 85
preferably is provided on axle 80 to act as a
rotational stop to limit rotation of axle 80 and
thereby prevent damage that might result from

25 overrotation of potentiometer 84. An optional motor 86
may be provided to rotate chuck 76, although manual
rotation can also be used. In addition it is
preferable to provide a clamp 87 to minimize vibrations
of chuck 76 as it rotates. Clamp 87 preferably _

30 provides a friction fit to chuck 76 that is Jjust light
enough to allow rotation of chuck 76. Screws 88 may be
provided to adjust the jaw of clamp 87.

As seen in FIG. 9, measurement assembly 72
includes a base plate 90 that is mounted to base 71. A
35 load cell 91,>such as a Model LCAE-2KG, avallable from

Omega ‘Engineering, Inc., of Stamford, Connecticut, is
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pot ent i on¥CH8%77 An optional nmotor 86 may be provided t FGFOIHRESSRUCk 76,
al t hough manual rotation can also be used. In addition it is preferable
to provide a clanp 87 to mnimze vibrations of chuck 76 as it rotates.
Clanp 87 preferably 30 provides a friction fit to chuck 76 that is just
light enough to allow rotation of chuck %G -Screws 88 may be provided to
adjust the jaw of clanp 87. As seen in FIG 9, neasurenent assenbly 72
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such as a e - avali e fro ga Engi neerin, nc., O
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purpose to be b&eggers’lclfelgpebéeIbc?\?\l/.o“f\lbaglt?rag#errﬁon%égtsearﬁoﬁey“ﬁépa-'lazsoalsg%referabl y

i ncl udes a def IppetfEradly I qivdesalel e ftmattosd awm (Fis @ iptattad1g.

Preferably, def]eGhQr, [ d I%? [ 9
thereof is sulgls?t ant |daﬁ{6nb|%e%repgnicil culrbtaOrG' to%&betaé;%t?olf%’e ,l%r}(g)fsogﬁ? héa;? it

pi vots about af-SaRIUGLG it thats @stl@nstalane sie R |thereehake pl ate

90. Deflector aups¥ar¥iefianaferfiam idulkojertdase PhtPreaf era Ys§xt endi ng
fromside 930 .thereof. Prqgjéction 931 preferably has a surface 932 facing

away from axi s "92% it RS ARG &9 e UG dfe SURARRRAT 32K i onshi p
to side 93Qcas pdres lsldaclWhsoofpltdte mass and sensor assenbly 77 to side

101 of tip nass and sensgr.-.assenbly 77, fqQr reasans.described below As
shown in FIG 10, tip najjsefaa‘rﬁf%so%saéim 9f’op§seéfreerﬁ)arslﬁ}?“}laﬁre?ferably has a body

102 with a nasenefj dudtivee P ho gr <30 agrlames xdrech.chio t£ 2220 sgirdens9 3 &ind
thereof. Projection 931 preferably has a surface 932
facing away from axis 94 that bears substantially the

15 same angular relationship to side 930 as does side 100
of tip mass and sensor assembly 77 to side 101 of tip
mass and sensor assembly 77, for reasons described
below.

As shown in FIG. 10, tip mass and sensor

20 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
golf club head at the distal end of a golf club shaft.
In another embodiment, different tip masses could be

25 provided to more closely simulate different types of
club heads, which have different masses. However, this
latter embodiment would be more costly, insofar as each
different mass would need its own set of transducers to
collect displacement data, as well as different

30 computations 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
oscillate during testing in accordance with the present
invention, as described below, not only mimics the

35 effect of -a club head during a swing, but also provides
"reaction mass" that prevents the shaft oscillations



pref erably about 200 grams, to sinulate the mass of a golf cl uﬁ %29@&
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t he di st f-a golf club shaft. in another enbodine
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par al | el and perpendi cul ar, respectively, to base 71, Again,
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body 102 onto the shaft. Tip mass and sensor assembly 77 preferably

15 has an attachment structure for attaching to the tip of

a golf club shaft. Preferably, the attachment

structure includes a bore 105, slightly larger in
diameter than an average golf club shaft, in body 102,
into which the shaft may be introduced, and a set

20 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
as described below.

In addition, body 102 could be divided by a

25 plane or other surface passing through bore 105, so
that it can be assembled around a shaft instead of
being slipped over the shaft tip. This is particularly
useful when analyzing the shaft of a pre-existing golf
club and it is desired not to remove the club head from

30 the shaft. The two portions (not shown) of body 102
could be fastened together, after being assembled
around the shaft, by any suitable clamps or other
fasteners. For example, the two portiomns could be
hinged at one edge of the dividing surface, with one or

35 more fasteners belng provided on the opposite edge.
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as shown in FIG 11. 10I®fhertiem, tor tdisst al gehd, cdtibshakift]l1@hes t hen
deflected. and Bsgkrihﬂeﬁs“@ﬂgﬁt%g lh'Bhﬁéﬁ 98, g8aLholhP 47 ?ibrahﬂ'”g arm

92, as shown i R phantom in the restoring force tending
to strai ghtén §haftlplooﬁadlﬁéa#e§§dneéfbyhaéédléélLS9EheGhd§il¢€tﬁd 15

then rotated - HE“H.’:@E\:%alﬁédbﬁnﬁgfrof:h§6l@beﬁ.%aQEyShHEQGE1§0ntro' of
processor 61 -- while the restoring force is recorded by conputer 61 as

a function of rﬁﬁEFéln&ﬁgcﬁrWS9aetéFnFHQHnb§anPéHFPBnéPeFI§4 1te S@hich
a known vol tagenkg apgl tedtoByn\geEbr&aowanaﬁ)ngotbagerdughden t echni ques,

the changi ng reﬁl EaEES can be measured by load cell 91. Chuck 76 is

15 then rotated -- manually, or by motor 86 preferably
under control of processor 61 -- while the restoring
force is recorded by computer 61 as a function of
angle, which is determined by potentiometer 84, to
which a known voltage is applied. By well-known

20 voltage divider techniques, the changing resistance is
translated to a changing voltage, which can be
converted to an angle.

It might be expected that when the upward

restoring force is a maximum, then the point of maximum

25 asymmetry of the shaft, representing the hard side of
the principal planar oscillation plane, is facing
upward. It has been found empirically, however, that
that is not so, but that the hard side is within the
guadrant that is facing upward when the maximum force

30 is measured. The angle of the maximum force is
therefore recorded in this static portion of the test,
and the remainder of the test, which is dymamic, is
conducted.

In the dymamic portion of the test, the tip

35 or distal end of golf shaft 110 is oscillated with tip

mass and sensor assembly 77 in place. While in the



translated to a changi ng voltage, which can be converted t o PPER NS ©

m ght be wexpemised7that when the upward restoring force i ca/HRL04mM then
the point of maxinum 25 asymmetry of the shaft, representing the hard side
of the principal planar oscillation plane, is f aci ng upward. it has been
found enpirically, however, that that is not so, but that the hard side is
within the quadrant that is facing: upward when the maxinumforce 30 is
nmeasured. The angl e of the maxi mumforce i therefore recorded in this

static portion the test t.he re der_.of th which is
dynamic, is cfa:d-’htc ®F°h i?rhe ‘ﬂy%‘?ntesporr}feontjtﬁ Rrhgf‘i’% Yt tip 35 or
di st al end of gfflettedd Veticalisei |dmtEe vd.ytltamrqa pamsiommt semsor
assenbly 77 in i 1Q?F_( 12%915

1US01/ 49907 - %%%a%%é%%%oln&gfl t est t]ﬁ,e t p pretfer abarﬂﬂough

defl ected vertias I@Arﬁch%CPie B dR dlf‘rﬁsi tinoreigthemeoxtdan tafe "d@ﬁf lection is
preferably horizontal ,7id thoigdh Ay ghidRGi oy ARt Rdtsed ddF riddsn

portion of the 5 test._ The yeason for referrln hori zont al _  deflection in

the dynamic porit dh&fd ﬂ?é“%"esﬁo#%lqrhé% the fest He BigtectE1GH + e

results, of gravifectactomorion ﬁé@lﬂsp, RSl i radﬂm@l,oraruhe segond, it
S easier to oscillate the shaft hout It hlttljé% base? 10 Ther ef or e,

before the dyndit¥® pot tToH Bf 2T e acfé §5°°0%i thtat 75 preferably
is rotated abouts®@llatsd thdathd fie weisthamt eidt dnlte:rutrsg |kmrse)f71the pri nci pal

planar oscid | atdon ?@e’bm%f@ %ﬁ_%“vcerﬁgn lon 1o NG tal. is

I n the apparatus so descri Sensor asse y is

applied, and a Woriiaiadd chuglulBe prefarnhleds totghiad Ghmis R, 199, as
fol lows. Wth thea Prend red e Dfathan 8 8hdildn Af @d principal planar

oscillation plane, which had been vertical, is now
horizontal.

15 In the apparatus so far described, tip mass
and sensor assembly 77 is applied, and a horizontal
impulse is imparted, to golf club shaft 110, as
follows. With the proximal or handle end 111 of golf
club shaft 110 held in chuck 76, and deflector arm 93

20 standing erect, bore 105 in body 102 of tip mass and
sensor assembly 77 is placed over distel or tip end 112
of golf club shaft 110. Tip mass and sensor
assembly 77 is then manipulated until surfaces 100, 101
of body 102 are firmly seated against surfaces 930, 932

25 of deflector arm 93, placing accelerometers 103, 104 in
their predetermined desired orientations. A portion of
surface 100 not occupied by accelerometer 103 is used
for this purpose, so that accelerometer 103 does not
interfere with the seating of body 102. Although

30 accelerometers 103, 104 are shown connected to
processor 61 by wires 62, a wireless connection (not
shown) could be provided.

A preferably substantially horizontal impulse
- 1s provided to tip mass and sensor assembly 77 by

35 deflecting tip 112 of golf club shaft 110 to side 120

of deflector arm 93 opposite side 930, as seen in



club shafyolbfset d in chuck 76, and deflector arm 93 20 ] f@%éﬁéect,
bore 105 1 n body 102 of tip nass and sensor assenbly 77 is placed over
distal or tip end 112 of golf club shaft 110. Tip nass and sensor assenbly
77 is then mani pul ated until surfaces 100, 101 of body 102 are firmy

seat ed agai nst surfaces 930, 932 - 25 of deflector arm 93, placing

accel eroneters 103, 104 in their predeter@®med desired orientations. A
portion of surface 100 not occupied by accelerometer 103 is used for this

purpose, so thdtiGacdd erdifettdieOPTHRIET LY FhterFEIIEHMINA 1 seati ng of

body 102. Al't hgiia t3th e 17 B &l 108, ol Br £r $ howdttC Gied Bsh | 0
processor 61 by wires 62, a wireless connectjon (not s ov@ caul d be
provi ded. A préferibing disstERbeHIRg H"gﬁ%r&%lder ':seé; ¥ HroMRied to tip

mass and sensorsmasienhly & guodaidef leptiduntdl ikgilofe gl fstedtth shaft 110
to side 120 _ of_.defl.ect ar-m 9 pQsit.e Si 930, .as .seen ,i.n. WO 02/ 0~6977
_ 26 16 FEB>2008F ﬁd%&%ojg@gﬁ-‘%)é%ﬁ : ];lnd;eﬁ%g#]é,glﬁ} é?lgn‘raraaquSPQ’n a sudden
nmoti on, pivot ialpmefviddt drimmmEs aouwt sEndas agsanblyositi am thd | owi ng t he
restoring force. f ceTe] Qﬁﬁ; . : j a hari zont al

i mpul se to st aﬁangletq:lepé eelsiéztel of&ig)cﬂjq&}c#abn sha r%e%t]llgor% g‘u,l;&rerg;@nﬂ% 'brzgﬁ ng,

along with tip mass and feifdwudgsddiipitial fehlectimhat axld i‘ﬂégD above
in connection WHAFHFI1G9 pemindddOdtdhardmidi alagdefdiactdpnml gol f club
shaft 110 behi nd detlect%%(fr 93, as wel| §%>%£§H%gtPIVOtln of deflector
arm 93 to 9 oWHIF D ¢ 9% &7 1G3hed ally, they
can al so be aes@ilatwrd cun deatdcadnpl i sHeds , man iy, 12 heyberan redsso f i nger
122, driven by or 3.1 qu [ l.e g |.hg | i e 124 that
provi des the 1§%nér£g_:té:s°§n ré%ho‘%[ gaon érfaﬁ:;in%c?al\t/ié’}ra't [ gﬁd%’on%{)ﬁeﬂrﬁga%f not i on,

can be used tohbeaming @ fingsr gA¥, duilvehdiy am@awm23 through

suitable gearing or linkage 124 that provides the

15 necessary horizontal and vertical components of motion,
can be used to move tip 112 of golf club shaft 110 from
its neutral position 1200 to the position behind
deflector arm 93. This could involve both vertical and
horizontal movement of tip 110 by finger 122, or

20 finger 122 could move solely horizontally while
motor 125 pivots deflector arm 93 out of the way
temporarily and then restores deflector arm 93 to the
erect position. Similarly, the pivoting of deflector
arm 93 to allow oscillation to begin can be performed

25 by motor 125 instead of manually.

As a further alternative, instead of applying
an impulse by deflecting shaft 110 behind deflector
arm 93 and then releasing arm 93, a horizontal plunger
or ram (not shown) could be used to strike tip mass and

30 sensor assembly 77 rapidly and for a short time.

EBach of accelerometers 103, 104 records
acceleration in one of two respective directions, which
preferably are orthogonal to one another, and '
preferably are horizontal and vertical, respectively.

35 However, any two directions may be used, as long as
they are known, and the horizontal and vertical



coul d i nvglovgk@th vertical and horizontal novenent of tipg bo¥ 1 nger
122, or 20 finger 122 could nove solely horizontally while notor 5
pivots deflector arm 93 out of the way tenporarily and then restores
deflector arm93 to the erect position. Simlarly, the pivoting of
deflector arm93 to allow oscillation to begin can be perfornmed 25 by
notor 125 instead of manually. As a furthér alternative, instead of
applying an inpulse by deflecting._shaft 110 behind defl ector arm 93 and
Then el east ng CATACISTES R Fontal BIGGEr  Ge ARCEIGE SHAY TBUIRE be
‘used to strike intpgratedand/izd RSOt iagsembldetétmiae ot immhtfadr andhort
time. Each of el erongter.s 103, . 104.recqrds _ accel eration in one of

t wo respectivev%%%é&%ilons,Sp\/]\?r?icgﬁlenﬁ:rséf gruab?‘ “af€ :]Teﬁgé:&ﬁéjl o one

anot her, and gesfeeadlyy imdd dadriveomifalthend lspliicealentr espeataiyvdley. 35
However, any tyg |

t he hori zontal ar?gi \r(/igr&ie; C%ﬁf,&%&%ﬁ%%&%u@%&ﬁ%&%1‘23%%%%%%884@49 fing7

conponent s can thétc aogdidated nepdedadoe Perdorens heay e Ihakiomsat ed twi ce
over tine to detieFnae ke orfialp 1aRdmey®! tagakb dimzhle e RtiSe ity t he
acceleration is generally’indicative of the displacenment and may "be 5
used directly, ToIvieFGF B FulHt PEAYLHIIourdsseaddoti me  that woui d be
needed to perf @oretlae oneitegisatioans.104Al kendaghitv eloyrcdi, s phater®nta can be
measured directly,  faqr ol e, by pravi din .nstead,of accel eroneters
103, 104, a9 i Shat%esroﬁgfceﬁ%gﬁmés&&% e pet B O SRR (not
shown), on t he ogndiromatsisp amds semsoh1s @ssembdys @Mblepitt iog titiohd |algng
along the diregld N Attihe |@ENGHUdIRR 61529 299l & W1 sshafify 110. A
| i ght sensitive detect c():r larray g SO dri\‘%ltl, ?ﬁoﬁn) acoﬁl 3 bé%pl aced
substantially ﬁéﬁgénéﬂéh|aﬁ.ﬂdg t sensitive detector array (also not

shown) could be placed substantially perpendicular to

Its neutral position 1200 to the position behind deflector1 Bw@@ Thi s
TAFSH1 /4
12

15 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 plotted as a
function of time and used to derive displacement and

20 frequency data that are then uSed, as described above,
to mathematically determine the preferred angular
orientation in which lies the principal planar
oscillation plane. The direction of the principal
planar oscillation plane closer to the estimated

25 orientation determined by load cell 91 would be
considered the "hard" side of the principal planar
oscillation plane of golf club shaft 110, which
preferably should be aligned perpendicular to, and
facing, or in any other predetermined orientation with

30 respect to, the club head face. However, the load cell
test could be eliminated, insofar as aligning golf club
shaft 110 with a planar oscillation plane in a desired
orientation with respect to the club head face, whether
the hard side of that planar oscillation plane faces

35 toward or away from the face, may be better than having
that planar oscillation plane at a random orientation



15 the emtted |ight beam which would trace the displacenmentp¢Epugp 112
on the deWeak@kcyarray, recording the displacenment directlpsr/degasqlh ess of
how the data are collected, they can be plotted as a function of tinme and
used to derive displacenent and 20 frequency data that are then used, as
descri bed above, to mathenatically determ ne the preferred angul ar
orientation in which lies the principal planar oscillation plane. The
direction of the principal planar OSC|ITaf?on plane closer to the

estimated 25 or|e tation de%g Teg Hé dog a consi der ed
the "hard" side® Tﬁ%epF?n Baf-BPansf §E?YI§P oft Paﬁ558ﬁa§oﬁﬁ cl ub
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desired | ori gnt gt oA 4¢1 B eSpeckab g CLURGRERdRaCo BLICE pathe shar

side of that planar oscillation ane faces owar d or away 'fromt
face, may be be@t?é@n@ﬁlanpiaavaﬁg%t:héiabltaﬂaplegev| rather phaRet®e a random

orientati on WO §2{n&5d1- 28nai60555129950nP§iéh§91ié9ﬁgﬁnaetakléﬁcho the

club head face, pl an oscillation plane
with respect toggfﬂ Fﬁbsﬁégg Fﬁc@ Sgke %E ﬁgtggﬁep RPALI pal
pl anar oscil | atosaiplavntonmiahe betEeunﬁhﬁoraeaahdshaﬁtoiseﬂtabnoad It

shoul d be r er r..that i n Ian o] IIa n Iane
r at her thanfgﬁggl%$?%€?gg?¥gﬁgﬁg? %gcﬁF?afég QSF% iﬁb % f%?geagh
gol f club shaftcamnat ske, ashemedven be uhefprmhﬁrorosntEﬁatlon pl ane so

found for each shaft is obhggtggelgoééglgﬁrgg E?Eaﬁ$¥§réa gggnggspectlve

club head, the set, _cannot be assuned _to be unj orie ted once the
| ocati on of theoﬁ%%1}%ﬁlﬁpaﬁéﬁne (preferably the pr1nc1pal planar

oscillation plane) has been determined, shaft 110

15 preferably is marked to indicate the orientation of
that 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 131 could be mounted on

20 a frame 132 as shown in FIG. 13. After the preferred
orientation has been determined, shaft 110 can be
rotated so that the preferred orientation is aligned
with marking tip 131, which then applies a mark to
shaft 110. Alternatively, 130 could represent a paint

25 reservoir, while 131 would represent a paintbrush or a
jet of sprayed paint. As a further alternative,
marking of shaft 110 could be accomplished using a
directed energy beam or a particle beam to etch a
marking into the surface of shaft 110. In such an

30 alternative, 130 could represent a high-energy laser,
while 131 would represent the laser beam, or 130 could
represent an electron gun while 131 would represent the
electron beam. Optionally, either shaft 110 or the
marking assembly could be moved parallel to the shaft

35 longitudinal axis during marking so that the marking on
the shaft 1is a line instead of a dot, to increase its



~oscillatiom@wper(preferably the principal planar OSC|Ihqﬁyé§F§@§ﬁE) has
been determ ned, shaft 110 1S preferably is marked to indicate

orientation of that planar oscillation plane. Marking may be acconplished
by applying a pignent (e.g., paint or ink) to the surface of shaft 110.

For exanple, an ink nmarker 130 having a paiging tip 131 could be nounted
on 20 a frane 132 as shown in FIG 13. Aft the preferred orientation has

been det erm ned, t 1 a e t at d SO that the pre erred

orientation is éY ﬂ%ﬁllefh %%EEFE%Q%V% mﬁl%ﬁu?ﬁ%ﬁ a%p VTes®a mark to
shaft 110. Alterm@rkeélyngQO sochdase@rgeemkea pui deca@b, resaryngr, while
1.31 would repreégﬂ% ?@Iﬁg?kyﬁ orcg taﬁél§&£a¥8d gfgtllgs a further

alternative cou e dacco hed using a directed
energy beamor a partlcle EB@nPF%f%¥Eﬁdameﬁ%9@| |ﬁ?%°¥ﬁén§uFPa§€eof shaf t

110. in such &n §1Qv@1h£§6ﬂafb¥eloé§91ﬁ§utﬂerﬁﬁéﬁéﬁﬁédaof\igﬁt:@ﬂﬁéﬁy(ha§er
while 131 would regresent thf?laser coul d present gi
Y,

ettt oo gun uni FEEEER “Boyl BiznaR ceett i The ton Riarerobeths BELR oM
ei t her shaft 110pDanaheosﬁnlkangoﬁspbahéy,cumdmbt&ppmw&ﬂu@asalIﬁb to the

shaft 35 |ongi t udi pal .k uEtog MRLKing sgihat 1he TRLELDGP) sLhg.ghalt

is aline instea toincrease’its
PCT/US(iI/fiJ99Pw5th|t©®dlte§t M ilerdascyibgd alovk scusield apeveload nar ked

l'abel, such ag acéiiCkﬁrtereggﬁﬁétebQHé'GEleﬁ%éQﬂaﬁnéf”@ﬁé'ﬁﬁ§nc§§&1be _
applled to shaft 110 erred nethod 140 according t 5 1L nvention

for |ocating thepﬁﬁ%ﬁér?ﬁﬁlBF?Eh?%tP%ﬁn?|a%d whigh pat %%?Sbléﬁ%Ptlfles

oscillation p|anﬁhﬂéhtbﬂ @henQW@abld@éa@ﬂrt@§cpfiﬁ&ip@1p@aﬂﬁAr usi ng
apparatus 60, is hod. 140 pref er starts

W eh foad tost 1935 HERETPRehTaRt s AT o/RTATL 7640 16 EBF I PHIdh coti mate
the orientati on ofcihkapioncppahe, pbumaeasscind athenres borivmdf ohcehaat
| east identi{%esa function of angle of a deflected shaft that is
rotated through at least 360°. 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 (unless another
20 technique is used to identify the principal planar
oscillation plane). Where load test 141 is performed,
the result is used as a starting point for planar
oscillation plane location step 143, below.
Alternatively, load test 141 could be performed on a
25 stand-alone basis to measure the symmetry of a shaft.
After load test 141 is performed, optional
"logo up" test 142 is performed, to gather data, for
comparison purposes, regarding the oscillation of a
golf club shaft in its factory installed orientation.
30 Conventional golf clubs are typically assembled with
the manufacturer's logo, which is printed on the shaft,
facing toward the club head face, in what is referred
to as a "logo up" configuration. Some manufacturers
align the logo 180° away from the club head face in a
35 "logo down" configuration, or in other configurations.

During "logo up" test 142, the shaft is positioned in



whi ch of fhe %N‘P. ZI des of the principal planar oscillation p | HnEER 200§ he
"hard" si d&€ B"PRE planar oscillation plane, by neasurind%H ‘és“'/e‘é{‘orl ng
force as 15 a function of angle of a deflected shaft that is rotated

t hrough at | east 360 Load test 141 could be omtted, but only if one is
prepared to find any planar oscillation plane, rather than the principal
pl anar oscillation plane in particul ar -(am ess anot her 20 technique is
used to identify the principal planar oscillation plane). Were |oad test
141 is perforntts dhigyiresilfiadtonysdthstsld 1 gyds itgiqip) rﬁuﬁ (11’e$li anex

oscillation plane IOﬁat |eé£ Step JEZ}_"S ,,liel QW.., A'éees@%tlv % test 141

coul d be perforlr?ed: S 4id oneg BFasitt Teasur e 1 try of a
shaft. After Ifoaﬂzu@sxlylme sEqm:rdnyr M:menm thd ngBQJFfaCtHSJ 142 is

perfornmed, to dat dSL P
oscillation of dgq T c ub hatt | n%lrts ac'ft(r)r%ssl?%}st aﬁ??dldlorl entation. 30
Convent i onal> ggélam mti@ceartelqrymrbémey sheddnislisf umfarendse anufact urer'

| ogo, which Ismraﬂa@ﬂmtﬂ&eeﬁw‘ of Kndfditgy ttowarbddiei oil Wr haad face, in
what is referre to as a Sonme _nanuf acturers

0 configuyra
o The | a0 Pt A T A BLas e chd ik A S e L o
configuration, parrdly Oi&i‘lﬁionccn‘égagicﬁ‘laislsomﬂi tHaurdatgal cﬂg:gdjrp'ostnesitoriMZ t he

shaft is positioned in 16 F 005 .. US01/ 9907 its
original factory instal Ygﬁs p03| |ond l?t?t%Q’teé £ ]f%g c)sscrle lgrgfle o HE the

"l ogo up" tiést lsernisy mosicedunsqudnt Iy pee fautest yeadsi tidditdmas the | ogo
faci ng Up""ardgﬂd?:ef%ﬂ}&ecaisﬁ HREC UG Hé%ﬂo‘?cgr%d Sﬁ%{ 'dﬁﬁﬁ:r@a{) & ehdAndom

| ocation on thé shaft circunference -- e., eneflt of
knowi ng the | oP3LEHRT SHRP Y4ndn a@&qh &% P e <f (Fe s ory

alignment is @iarx@méﬂe&rmqmgaagﬁrr@ e%® efolifhesrtitlialhd RO matdan. As
descri bed above_ﬂgn lion liggéﬁqégu%%?are printed. Finally, in an
15 optional save step 145, various of the data acquired
during steps 141-144 are saved (e.g., 1in mass
storage 64).
Load test 141 is shown in more detail in
FIG. 15. At step 150, a golf club shaft 110, which may
20 have been removed from a golf club, is placed in
chuck 76 at an arbitrary starting angle. Tip 112 of
golf club shaft 110 is deflected and restrained under
shaft tip restraining arm 92 so that the restoring
force in the deflected shaft 110 is measured by load
25 cell 91. The shaft can be deflected and secured
manually, or the deflection and securing can be
accomplished automatically. Thus, an arm 126 bearing a
finger 127, driven by a motor 128, through suitable
gearing or linkage 129 that provides the necessary
30 horizontal and vertical components of motion, can be
used to move tip 112 of golf club shaft 110 from its
neutral position 1200 to position 1201 under shaft tip
retention arm 92.
Once tip 112 is under shaft tip retention
35 arm 92, then in step 151 chuck 76 preferably is rotated
about 200° in one direction (which may be designated



10 |l ocation procedure 143 is perforned next. After procedurﬁiﬁﬁﬁlmss been

per f or redwoamoqpti onal report printing step 144, in whicpe gﬁﬁ@
various paraneters regarding the golf shaft whose preferre orlentatlon

has been found are printed. Finally, in an 15 optional save step 145,
various of the data acquired during steps 141-144 are saved (e.g., in nass
storage 64). Load test 141 is shown in nore detail in FIG 15. At step 150,
~a golf club shaft 110, which nay 20 have %ben renoved froma golf club, is
pl aced in chuck 76 at an ,arbitrary startin le. Tip 112 of golf club
shaft 110 is defPechedabiyer ESErbiARIILRAE 1°§ af t Ne¥p - r 85t PAPRI A§2ar m 92

so that the restautRO76f @sCeotAtbBcatleibgstedsahalih 240 b peasdred by | oad
25 cell 91. The _shaft.can.b nd.secgégd manua E or the

£. dﬁflected &
defl ection and SEEGFFAGRCAKIHER BR¥ohpl fehtdna nﬁPFcBPF§ us, an arm
126 bearing a tbbgetod2dirdetven) byhhlaotfiatal?B, atudngh Submhabbed gearing

or linkage 129 thgi Qiognge§eég§d§§c§§sgrguggtg§§2 gngg%}gnd verti cal

conmponents o club shaft 110
fromits neutrareégsablﬁn inostep p@%ntcbnckzmi mﬁdgﬂtshaﬂtabopt £e0&ntion

arm 92. Once ti Qnalzobs(ﬁggféréﬂil{;ttﬁépﬂ@g@nghanléét%m921sthen in step
151 chuck 76 preferably Ts rotated . about in one direction (which may

be desi gnat ed WHL892B46977 Alé&fﬂi%lﬁ%%YzobBWEﬁ@?/LE@&/H@@G#SFhe negati ve
rotation dlrectteahtlebe ateptﬁplhﬁa b&hogkt 64 sasolehgdagt dheast 360

0 Lhe oopogl e, 8 Lecti o, (Wil ch.my he, deelapgtod,Lhe, pegiLve, rotation
function of angkecor@eéfehablgh norstepads2¢0ehutkedb6ang amdatedofbout 400
and 40 (preferaPEXa&Pgnf&fégt@Pdtﬂ§§t339) &§y be used and any
portion -- all at the beginning, all at the end, or any
combination of beginning and end -- may be discarded to
15 provide 360° worth of data.

At step 153, the data gathered in step 152
are examined, and the angle A corresponding to the
maximum load measured by load cell 91 is determined.

f desired, the load as a function of angle may be
20 graphed for display. ©Next, at step 154, the start
angle S, for use in planar oscillation plane location
test 143, is set to A-90°. This takes into account the
change of orientation from vertical to horizontal as
between the load test 141 and the planar oscillation
25 plane location test 143, as described above.

After the conclusion of load test 141, "logo
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

30 to be obtained after performing planar oscillation
plane location test 143. Therefore, as stated above,
"logo up" test 142 is optiomal. 1In particular, while
"logo up" test 142 may be used primarily as a
promotional tool in an aftermarket situation -- i.e.,

35 by a golf club retrofitter -- to show the improvement
obtained by realigning the shaft of a golf club in



di scarded. Alternatively, however, the reverse rotation of s 151 may be
omtted, |9 JR887"s data 10 are recorded through at Ieast];ﬂqﬁ)lg 'f dat a
are recorded through nore than 360, then any anount of ot a |on greater
than 360 may be used and any portion -- all at the beginning, all at the
end, or any conbination of beginning and end -- nmay be discarded to 15
provide 360 worth of data. At step 153, the data gathered in step 152 are
exam ned, and the angle A corresponding t32he naxi num|oad neasured by

|l oad cell 91 is determined., |If desired, the | pad as a function of angle
may be 20 graprﬁé‘cFCfléqlala‘F%pWa@h et Inv@nEen 154, D¥NR2RLYr WOULAGRAt SPef or
use in planar asedd sy FlaneLheCRinfact @sdr 1dBo pﬁoaﬁbebo" Qﬂe This

takes into acco nt tﬁg ge ﬁgﬁorlentatlo fromvertical i zont a
as between thea oL ICHIRE ¢ HREPA Uik BRETR | 18 Fone8d pT"énﬁ P¥cation
test 143, as desmmpdresi tov@ata®fter the conclusion of |oad test 141, "logo

up t est 142_3 shown in de; é? &%EL€%J% iT%&%?hscggdgEé leJhghgﬁépose of

"l ogo up" test is primarily conparrson to
"after” result BOLE occhieb ophhaf hetl af t\ehlqie,r faﬁémmag pryindaveskeehat i on pl ane

location test 143, u%@ %ea il ft@i@g ai’é’";_?lac éogﬁ) H)B‘é‘&ﬁsg,smz

optional. In partic up" _test used rlnarlly as
a pronotional thpsd P¥?¥%P%ﬁ¥¥ﬂ9%ﬁ%é@%¥@L&ﬁ|%NFQmPle%@ 93§fb91%bgolf club

A ) e e
a golf clu - ccor dan e
i n\%ent i on, Jr(f prid @E’rgpvxbthl‘ﬁa%o‘?r ek ath byia Rt nﬁﬁu‘?]&%tﬁim‘é? who

produces "spi ne&omldghwdé Iyed it mmommpeatmléersa@paoenu 4 abshbw

comparative datg.eSre LOQO UPard €5F df2 RGNS AlsF1ED. 169, WRELE cases,
this would be with the manufacturer's logo facing up,
but sometimes the logo faces down or in a random

15 direction. If test 142 is beihg performed on a golf
club shaft that has never been part of a golf club,
then preferably it is tested with its logo up, or with
the iogo in whatever position, whether or not it is up,
is recommended by the shaft manufacturer for alignment

20 of the logo when assembling a golf club. 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,
horizontal 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 after alignment 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 out-of-plane

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




golf club shaft 110, which, again, may have been renoved ﬂﬁdﬁﬁémelf cl ub,
is placed"PH¥EEtk 76. 1f it had previously been part of PAT&SHP#I®IEd gol f
club, shaft 110 is placed in chuck 76 in the same orientation 10 in which
it was oriented in the golf club, as the club would have been positioned
by a golfer adjacent a ball before the start of the golfer's swing. In
nost cases, this would be with the manufagliurer's | ogo facing up, but
sonetinmes the logo faces down or in a random 15 direction. If test 142 is
bei ng perfor medibsphagenént ct ubpshbeérabhut ihaslaevervedeatpakepofiéd gol f

.club, ~ then prefgfagtgg¥%¥i%oteﬁéegWMéfh | $85¢ 0992 UPs HBgﬁ%B@glEE@.lOgo in

what ever position, r not 1t 1s up, IS reconmen the shaft
manuf acturer for alignnenfheosyftenenedlyoPiiperc@sseabPiagas golf club. Tip

mass and sensofs@SEEM] ¥n F1ade t NP FDNt €8s@M 48D 142 ehoshalh 110. Next,
at step 161, an_inpul se i mass and sensor assenbl¥ 57 I n

s applied to ti
one of the waysF¥s- debcrFeel gﬁ%v%t%ﬁﬂsO?Eh%b%ﬂa¥79-w$?§?e?aBP9Pte
hgri zont al ang verintedatizegceberatd on meke, ase sgapgﬁwd,cm@kggabl y folrd
about 4 seconds., .These ta refer y are_inte te t step 1 0 yie
or t hogonal -;ﬁ%ﬁi§§%?§§% ig%%%ﬁlfg#d ﬁ%r%?%%ﬁgéa%% '%p?%%gﬁeﬁ?g%ata as
functions of tiSreprewichslyredmpabéd. aref sevestatt sarpld6S has baeer

compari son i Sordfie: sesul s of4 1 ELLODNER 40l o 2hA Ly Opand the  data

preferably al so are graphed at s 3 for ay to theowner of the golf
club of whikh 35 shaft 13D s$%em pazt . 1ThelpreRasEnaedit SORSPF ane

di spl acement - -3ds&mbp1Pl €7 ChAD| Yot NErORXLOBY VISELh CAEt QL BR4 0 §1¥Tp-188 10
16 FEB 2005 PCT/ U501/ 44407 di spl acepent preferably, is al so, saved_at step
163  for displ ayt tbS the-3FRed. 3R3t1RBNY CHfy RBpfR{Lse 1s 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 at step 173 to yield
orthogonal -- preferably horizontal and vertical --
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 value 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=1, 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 set to
S-360°. Next, at step 1701, the frequencies of the
horizontal and vertipal ogscillations are determined;
this may be done from the displacement-vs.-time data

35 from step 173. Frequency data are commonly used to
measure the stiffness of'golf club shafts, and these



The system next proceeds to planar oscillation plane |ocatibnFtk2i05143. As
shown i n wb@/0kF77 test 143 starts at step 170 where a COUPCENSO1/49967
initialized to zero. Next, at step 171, chuck 76, still holding shaft 110,
is rotated to the start angle S previously conputed. If no start angle S
has been conputed, test 143 starts at an arbitrary angle. At step 172, if
tip mass and sensor assembly 77 has not preV| ously been attached to tip 112
it is attached, and in any case an inpul” sédj s applied to tip nmass and

sensor asserrbly 77 in one t wa descri bed. above and orth nal --
preferably, 159%R&A Ak é’lsed‘-rf‘l’& &é’ﬁ %é‘lparlsé’@cel gﬂ%{%'oﬁ‘oﬂﬁ V& Ty ga3_‘at her ed,
preferably for t&illéOLﬂr ANRERONAE sHae’ﬂaef o(iaib:al 1aﬁ!1@frﬁh&bld3&pﬁrﬁelmtte:graﬂfm at
step 173 to y| n refera or | rii

di spl acenent d élgé: fq.ih‘r?% ? M9¢ ¥:st eﬁf’h%?f_%,%%fo %d X e%llcf is :
i ncrenent ed by isneise alneistomm,e tdimrawaxamum oft d:h@eélqlfdmgl if, as on
s T1rst ReSteyalel (J R0 e SISl ST UieR {0 tkan ehit, /étf step

177, t he sys emsets I'e "he “maxi mum out
pl ane devi at i oany2% arpard soflomss ttep bE7 Bladfhe cayret shoeh ber dekeds to t est

178 where it deler PneSdde %oh,dl%arae%adet I%d B ddfisle RASE LOUGR he

|l oop. There preferably are always at |east three passes through the |oop.
If at test 178eRgth igfembaltsilsy fres e vARFIaEes is 30 increnented by 100.

At step 1700, in order tqfeeap stephatMmagn chb8@ sars 13ps iback>180, then
Sis set to_ _5-360. at, step 17 e frequenci of the, horizontal
and verticdl® oS&R giterzonfnélr &G g’ts r]‘?ﬁjz éi—!n‘ 2‘* eﬁ ¥ &9 I m t he
di spl acenent - vhits relnagt atS&efsrtom7§t @r;ll?&ndFraﬁqlsdf_re@y 1dst &har eat@monl y
o Ssehts B Sl 3l ol Vs S o s, 5 200
however, that system proceeds to step 177. Again at step 177
variable YMAX(J) is set equal to the maximum out of
15 plane deviation value from step 173. This time at
test 178 J#1, and the system proceed to test 1702 to
determine if J=2. On this second pass, J=2 and the
system proceeds to test 1703 to determine if
YMAX (J) >YMAX (J~1). If not, that means in this
20 iteration the out-of-plane excursions are smaller,
meaning the angle S is closer to the preferred
orientation -- i.e., to the planar oscillation plane --
and at step 1704 the variable SIGN is set to +1, the
variable ¥ is set to the value of YMAX(J), and the
25 variable AMP is set to 1.0, and the system proceeds to
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
30 1is set to -1, the variable S(J) is set to the value of
~§(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 variable AMP is again set
to 1.0, and the system proceeds to step 1706. - Note
35 that in either step 1704 or step 1705, AMP can be set
to a lower value to cause the result to converge



the frequency of shaft oscillation is dependent on the {lgefggtipypf shaft

prot r udyhazdss@m Wwhat ever hol ding device is used and orpddEsor 49907
characteristics of the holding 5 device (e.g., the length and tightness).

Therefore, if any conparison, is to be made, care should be taken to

use thesane hol ding device and to assure that the sanme |l ength of shaft is
free to vibrate. After step 1701, the system | oops back to 10 step 172,
and steps 172-174 are carried out agarn3> This tine, at test 175 Jrl, and
at step 176 the data fromstep 173 are saved along wth angle S, and the
syst em proce8a88neg.sbup vikh AgHer aFCEFéﬁY17Whl%ﬁrﬁﬁBFéngwg&?J) is set

equal to thehﬂ?hbﬁ“ﬁh@%&a@%s dachkang gevi @ﬁeeaayébuehérﬁmbgpoim Thi s
time at test 178 Jol, and the system proceed to test 1703? det erm ne
0

if J=2. On thFerakignd Pasere) conumIenee- syLhém pFotebladec fEst 1703 to
determ ne ifp¥vh&ed) 2¥MAA( dnd) actirael. that neans in this 20 iteration

t he out-of-plane excursjions ar er anin S is closer
to the praferred orie ESR §78?aghe ?%SEE@ 5?gﬁ3$35§5 #gﬁtlon pl ane --
and at step tdPdabhe PanSmG§ $56N90¢n$ebsdeVAMHHM3 awdlr iadiblséey i s set
to the val ue;9f,YMAX( t he: 25 rrab d the
systen1proceedé tgﬁés#élu%7gg : %ga?g?egé %$8§BPNﬂ§ %&%&%ggl)gﬂthat
means in thl@rﬁﬁéréplbﬁephé batwéﬁnpﬁéﬁ@°e§%@rsl@ﬂ%:a&é S+&PYR_r, meaning

the angle S tﬁeﬁuétE@rséﬁoﬁbtBe3ﬁba“ar51ﬁ§§a£i§t'QB Bta 917@9d ah step
1705 the variable SIGN 30 is_set to - t he vari abl e g is set to the

val ue of 105(9r4pr FﬁekﬁéPlébpétVﬁ@R(j}BPs 3RE t48Phe YAl B o8Ot he

\\/{&&l}( ?gl)e Yl\/g&?ﬁéﬁ §) iangdetheovakpzabbe YThe éiﬂ@ﬁeﬁethéﬁ réberyal e of
' , an [La S
proeens to SEER 1906 BRoralsuLERarEh EFtmurietes: 1509 oPcerii iHos, v

can be set oopslbaek tal seepoltauseThhs timel tototbenvkigé Y82/ 056977
- 35 15 FEB 2002+ 178 J#1, and at test 1702 J#2, and the system
15 advances to test 1710 to determine if
YMAX (J) >YMAX (J-1). If it is, then the values are
converging, and the system proceeds to test 1711 to
determine if the out-of-plane excursion on the last
iteration (YMAX(J-1)) is less than the maximum out-of-
20 plane excursion during the "“logo up* test 142. If it
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
25 orientation. At step 1713, the shaft frequencies are
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
30 maximum out-of-plane excursion during the "logo up"
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 fregquencies
are again calculated as in step 1701, and test 143 ends
35 at 1714.



PCT/ USOI / 19907_sooner, but with |ower accuracy, while settildoFEAMB0S hi gher
i ncr eases” é’é/ﬂ?ﬁé’&/ but increases the nunber 01}/ iterationtgcﬁgﬁ'}/ég9"7 °
convergence. This is a trade-off between speed and accuracy. 5 At step
1706 the system cal cul ates the variable POP=SI G\N(45-(90/n)cos-' (Y AWP)),
and at step 1707 the value of Sis set to S+POP. At step 1708, in order
to keep S between +1800 and -180, if S>1836 -then S is set to 5-3600. .
Simlarly, at step 1709, in 10 order to keep S between +1800 and -180, if

S<-180, then S is set tdbB6EeskhelByst emMAzhenh *¥MAK (B-1)o, tHep 1 to

calculate the f enGi ' | N 0 b t e 72.. This

T on'tho t M Hete Y| QIREAMEL ) enddORs, Mt 1R ST 12 odtl B e
system 15 advamcdshe o/alest of7 MAKD(Tet erTienesystemiOl(e)) na(uligtesd f it
i's, then the valaes, arg o L onuey 9&&9&@&9.6&&@%@’}%{&@?}%{%@ 1711

to determne if the out-of-plane excursion on
(YMAX(J-1)) 3 s atedeastarPiehanqisitams out - of 20 pl ane excursion during the

"logo up" test 142. if itrf icptidign thiddniPnNtt Lt endAtiPmdes the
preferred orientrgﬂion, anq_}at step 1712 thé variable POP, representing
the preferred ASEREGDn thed S e/ 14 I G IhE IR TS,
representing thegirian 25 3t epdridmed Andttie Isiisken hersdwdds
frequenci es are,,_again | cul at ed | n st 17Q1,.. and test 143 ends at
1714. 1f at tesdtlr#lﬁyt EHHED -]gf]rﬁne%oe ;%Fﬁpsi]géz'on the last iteration
(YMAX(J-1))1d s not |ess tAfrent ol atuxionphanar: afsql et sxcwlamn duri ng
the "l ogo up" ¢ : e d st Eglecé/ ' £ representing
c?csattljol}g g]:erh_@’ k?eotsf%sjt%,p} 90 u%débcl,cf e%zc))rt

the preferred orientation, Is set to angle. /At step 1713,
the shaft frequEnditddg &temddih haraltdieyaddian of dha Alleamnd est 143

ends 35 at 17lhtA@RHOLENA ara3®rinted (and determined if

necessary): load as a function of angle (as determined
15 in load test 141); load symmetry index (LSI), which is
a measure of the variability in stiffness of the shaft
(LSI=100(1-((P
maximum and minimum loads, respectively, measured in

Prin) /Pmax) ) » where P .. and P ;. are the

max n

step 152); displacement plot at the "logo up" angle;

20 displacement plot at the POP angle; displacement as a
function of time at the "logo up" angle and the "hard"
and "soft" POP angles (the latter two should be exactly
180° apart); the horizontal and vertical frequencies
and the maximum out-of-plane excursions at the "logo

25 up" and POP angles; and a frequency index equal to the
ratio of the horizontal frequency at the POP angle to
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

30 between the original "logo up" configuration of the
golf club and the aligned configuration.

Next at step 145 the data are saved. 1In a
full save, all data are saved. There preferably is
also a "quick save" in which all the data printed in

35 step 144 are saved except for the complete load-vs.-
angle data and the complete displacement data at the
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val ues hawe netssoonver ged, then at step 1716, Y is set toecrhsovaloe of
YMAX(J). The systemthen recal culates POP at step 1706 and fromthere goes
through the loop 5 at least one nore tinme. If optional "logo up” test 142
is not performed, then if test 1710 indi cates convergence, test 1711 is
not perfornmed and the system proceeds dlrectly fromtest 1710 to step
1712. 1.0 After conpleting planar osci | Iatior pl ane |ocation test 143, the

syst em proceeds, to re ot tep wher e t he val ues 0
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at the "l ogg up, EiReats ?&Lﬁd Ss,alraa&err%md ralrptasaéoéfe&é@ﬁ’nm@ gisplagenent
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POP angl es (th&lgsided it SHUMF bt Edtt FIGB0 a3 ; the hori zont al
and verti cal frequenci es A}—:gjui_»atm_es niegqmrg cgﬁbgﬂazmlmelpxmmsy ons at the
"l ogo 25 up" and POP angl es; ex equal to_the _ratio of
the horizontal §4% - at® I?Fe ?%jéaﬁgf Zﬂi% °© njﬁé HHRS RREEOTIFuency at
the "l ogo up" anru;;iLm,lllylinh using appgatats \nesmaasm e&che rndhestnemn aff a

Che.ori i ndS "Tafs et 3t oAl gy IR st iea

t he orlglnél Iogo u igura i'gnhed
configuration. H‘demheatl%tgéﬁl T thee giElfa clrud ﬁxﬁeﬁt 1¥0 geing | save, all

data are saved ngialedr ahas Alnd hg ASUMLYU K B2VEId Y Eh Ald the

data printed |n 35 step 144 are save exce for the conplete |oad-vs.-
angl e data and &hfe RUHH S f pimdwEnta tsfrbﬁoﬁ fessembly 1877 on
shaft 110.
15 Shaft testing assembly 1870 preferably

includes an elongated base 1871, which is at least as
long as the longest golf club shaft expected to be
tested. At one end of base 1871 is a measurement
instrumentation table 1872, which can be translated
20 along base 1871 to accommodate golf club shafts of
different lengths. Preferably, instrumentation
table 1872 has a base 1890 with downward projections
(not shown) that ride in slot 1891 in base 1871, as
well as a roller 1892 that rides on supporting
25  surface 1800 of enclosure 1801. Screw 1874 preferably
is provided to lock instrumentation table 1872 in a
selected position.
Instrumentation table 1872 includes
deflector/deflection load sensor assembly 1878, used to
30 determine straightness. Instrumentation table 1872
also includes vibration initiator assembly 1873, used
to initiate vibration of shaft 110 for determination of
stiffness and to locate the planar oscillation plane of
shaft 110, and vibration dampener assembly 1897 whose
35 function is explained below.
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Fol | ow ngweaniosep7st ep 145, process 140 ends at 146. An alpicgrusatiiyvg7

enbodi nent of apparatus 1870 for determi ning the principal planar
oscillation plane 5 of a golf club shaft, and an associ ated nethod, are
now descri bed in connection with FIGS. 18-22. Apparatus 1870 is
substantially fully automated. Substantially the only steps perforned
manual |y in using apparatus 1870 are the 38jostnment of 10 the | ocation of
instrunmentation table 1872 to conform to the Ienqﬁh of the golf club shaft

110 being neasured, theBfolhe efher smsl of1bgsen 18Adcks1876hadhd t he

mounting of ti aomiigaa@ldse;@wtl 35 Hlnbi§7 1808, shafluaiHer a' s Shaft
testing assenbly 187 Eted b se 71 which is

pr ef er abl cl udes  an eIon
at least as | &RE2&SDRe S §é§@ ébl rohehdings & ERp&c ey t fdded. At
one end of base 1871 is @snyﬁmwenfmuG |nstrumamtahbaﬂlh@bb@d1872 whi ch

can be transl ate Q_al an e cCco d | f cl b sh fts of
different | ngFﬁg.%ﬁpgfgﬁa nEﬁ # ruﬁgﬁ eflggg ?EEF §7f°h§§a§ ase 1890
wi th downward phupécﬂﬁdﬁswuymh:pﬂaﬁﬁﬁahﬂwamaylbe conyeofi08@l ,i n base 1871

as Vel as o BUHRnaH92 dhalii) donca SHOROLLERG 29 auekage 1800 o

encl osure 1801. cremll provi | ock trunent ati on
table 1872 in #Faddaldat é@wﬁ thogiee |swéﬁﬁeﬁ§ﬁﬁétlyoﬁVﬁaBVe af8)7121d| éludes

defl ect or/ def | aghifen digrehnfRRIeRiccaASSedick 1878, piegd ra®1w 3Qsda{oemrﬂéae
strai ghtness. Instrunmentation table 1872 algg |n§Iud%i V|brat|on | at or

assenbly 1873, ahs&de €39 ot i K5 at PER ot ﬂng&@F@Pﬁl i on
of stiffness dandbkarimcat asislie plEamaringscilBiBat pae fprabéyohreshheitmtE), and

vibration da”p89¢ u%%%?%%lﬁs%ggédMyﬁgi the axis of rotation of

axle 1880, and by extension that of chuck 1876 and the
golf club shaft being tested, is at a predetermined

15 height above base 1871. Mounted at the end of
axle 1880 remote from chuck 1876 preferably is a
toothed pulley 1883, connected by a toothed belt 180 to
a similar toothed pulley 1884 of servo motor 1885 whose
angular position can be controlled with precision by

20 processor 61, such as a Model SM2315 smart motor
available  from Animatics Corporation, of Santa Clara,
California. Motor 1885 is preferably mounted under
supports 1882. Preferably, the space under
supports 1882 is also used (not shown) as a junction

25 Dbox for the various sensors and other electrical and
electronic components described below. Also
preferably, the space under supports 1882 is enclosed,
as by acrylic panels (not shown), to keep out dust and
dirt and to prevent users from coming into contact with

30 any exposed electrical connections.

Instrumentation table 1872 is shown in more
detail in FIGS. 19 and 20. Deflector/deflection load
sensor assembly 1878 includes a vertically extending
bar 190 mounted so that golf club shaft 110 passes

35 above, but spaced from, its upper end. Bar 190 can be

moved vertically, and preferably an actuator such as
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rotating 1875, including a rotatable chuck 1876°FHFSHH g a
golf club shaft 110. As seen in FIG 18, shaft holding and 5 rotating
assenbly 1875 preferably includes rotatable chuck 1876 which preferably
may be conventional, preferably holding a golf club shaft by exerting
radially inward force substantially evenl g9around the shaft circunference.
Chuck 1876 preferably is nounted 10 at the end of axle 1880, which
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nounted on SUQ@QJE%51%§2§%%ttH %t%%%e dOE ?@%}g ¢k 3xhe 1880, and by

ext ensi on t hat chuck cIu e|n tested, is at a
predet er m ned ﬂ?ﬂ%@%ﬂﬂ:S@@éﬁelﬁ&sépmgrﬁ be@nP@GdéﬁeFﬁ@n@dda@Punéxle 1880

remote from chugk LBHePRfieMlY adctudtoroehhethduiskay 1883uagsapnected by a
t oot hed beIt 180°to a sim/lar toothed pulley 1884 of servo, notor 1885

whose angulfar ﬁ@@@ﬁi@ﬁﬁﬁ%FQﬁaﬁﬁﬁﬁtﬁﬁlFe&O%FPﬁlﬁr€E|§W§ﬁaH}1§0 processor
61, such as a Myqahdshmb& Sarymaiceiataraksuabl esf aomofBicnati cs

Cor por at i on, nt a Californi.a. 85 is referabl nDunted
under support rfggfabgbéfg@fbFﬁpefhgngpggwgﬁﬁd&%%s&SpBF ¥l§§§2 ﬁé afso
used (not showspads &up@na&i@nv 2haped tertt A@3vaticoesgsgrsehsf&ndlot.her

el ectrical anda el %@trre%ryl £ GG nose§of}ea%' %%@hb%' Owodéhsgz?ae%% 'y1 the

space under sup i's enc é acrylic panel s (nof "shown), to
keep out du<t th%ﬁwl@%%fqmﬁﬁﬁr@@é@tfu§ér mhegmte oty YPEKe é6ntact with

30 any exposed Hreldcaaler@@rtmxe@wca_&aerl Ashr weeRleakuee tabl @eﬂs%zmg shown
in nmore detail_ in Def | ec or/d%faectlggecgag Sensar

assenbly 1878 fﬁEF&d§§e§tF§r?Wbéﬁﬁgte%ﬁgnﬁ iley Bward

by bar 190. As discussed above in connection with the
previous embodiment, because the load test measurements

15 are taken vertically while the planar oscillation plane
location measurements are taken horizontally, load test
data are recorded at angles offset 90° from the angles
at which they are measured.

Vibration initiator assembly 1873 of

20 instrumentation table 1872 preferably includes
electromagnet 1894 preferably mounted for horizontal
movement transverse to the longitudinal axis of
shaft 110, preferably under the influence of pneumatic
cylinder 1895 mounted on support 1896. Any other

25 suitable actuator can be used, including a linear
actuator such as a solenoid or hydraulic cylinder, or a
rotary actuator such as a motor.

Apparatus 1870 preferably also includes

proximal end shaft marking mechanism 1887 and distal

30 end shaft marking mechanism 1886 for marking on golf
club shaft 110 the location of the principal planar
oscillation plane once determined. Distal end shaft
marking mechanism 1886 preferably includes one or more
(e.g., two, as_shown) pens 1888 to make one oxr more

35 (e.g., two) marks at the distal end of shaft 110 which
can be used to align shaft 110 with a golf club head in



bar 190 nounted so that golf club shaft 110 passes 35 above]E E)F&tm%aced
from itsVip&rs?éhd. Bar 190 can be noved vertically, an&@Cpisperasly an
actuator such as WO 02/056977 - 39 16 FEB 2005 PCT/ U501/49907 pneunatic
cylinder 191 is provided to nove bar 190 upwards to that its upper end
engages shaft 110 and deflects shaft 110 upward by a predeterm ned anount.
Any ot her suitable actuator can be used,. igcl.uding a 5 |inear actuator such
as a solenoid or hydraulic cylinder, or rotary actuator such as a.notor.

Preferably, thenupeisi¢a Jribi b0, s BAE ki) andealaciuch as a
V-shaped seat 193, to engage ,shaft 110 resswe | oad sensor 192 such

as Model 9222 feskipg meshagisiLb8meret e& Y JFCAESS ORNQY VRYEE i s
provi ded benea rfsylllsm@ertolafa]deo dmasxtr &lotrléenfaft&tsﬂralmg:hé Prox it teadi by

shaft 110 when |t s defl.ecte bar i scussed above in
connection wit R «l]-f‘ f% %dus(}é‘n%\g%i Hta%tbg@gg[ﬁl@gt RE T 5a &gt 2

measur enent $ 1rempe cttdken preumacdld wydhindert peefleaadnl yosa lusatd o pl ane

| ocati on nmeasu rgar{%%t eqlre S%Igeq_ %rlc%%ra%ltl ¥r1t|hh%‘f1atﬁ3t 0data are recorded

at angl es of fset rom t e angles at whi are neasured. Vibration
initiator asseddlefersrd yof tOZ@tle@@tYr FreAtatilon ftO&bltélewmzrk;;mr erably

includes el ectropRanret k334 areeffl%rc%@ryb@ua%d lfsorra%reldzw &y 1TRRIFENt
transverse to fhe longitudinal axis of sh 11 pref erabl'y under t he

i nfl uence of pREUREEEE 3CGHYA®E 1f§9£§°rr€@ﬁﬂ-€&toﬁh§§|§p&rlt° V8§56 1CA Yot her 25

sui tabl e aQtOUaTaWd Carike iwpedtantsl td hgld Hitneaom artvidicor such as
asol enoi d or raull I der
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Appar at us 1870 F&F@ Pﬁbf&&egar% i EICSENS - shéﬁpt%EFking
mechani sm 1887 canid,ndh&e:t alr dwee'ndlcsﬂmattbrrraﬁm frdpeme cledmiagms] §@sf dis &dar ki ng

on golf club shaft3:1}Q 1t ke d QRAEOHk 1 HAe MRS RA 1Rle3N87 cy1inder

or other actuator 1889 of proximal end shaft marking

15 mechanism 1887 is also actuated so that pen 1888 at the
proximal end mark shaft 110, preferably while bar 190
continues to deflect and hold shaft 110.
Alternatively, as discussed above, one or more stickers
or decals, bearing alignment markings, may be applied

20 to shaft 110. The marks made on shaft 110 are made
primarily to align shaft 110 with the'golf club head,
and therefore the numbér and location of the marks is a
matter of choice, based on the needs of the equipment
used to attach the head to shaft 110, or the needs of

25 an individual attaching the head to shaft 110 manually.

' Tip mass and sensor assembly 1877 is similar
to assembly 77 above.  To start the process, the user
mounts tip mass and sensor assembly 1877, using the
face of electromagnet 1894 as an alignment surface

30 after golf club shaft 110 is inserted into chuck 187s.
Cylinder or other actuator 1895 is set so that in its
rest position, it presents electromagnet 1894 in the
correct position to be used as an alignment surface for
the mounting of tip mass and sensor assembly on

35 shaft 110 with shaft 110 in its neutral position.
After tip mass and sensor assembly 1877 has been



oscillation plane once determ ned. Distal end shaft narkln% %ﬁchanlsn11886
pr ef er abl |ncludes one or nore (e.g.,, two, as shown) pen ke
one or not@! é@“%é , two) marks at the distal end of shaft TP ch  can
be used to align shaft 110 with a golf club head in WB 02/ 056977 - 40 16
FEB 2005 PCT/US )'./49907 the desired orientation, while proximl end
shaft marki ng nmechani sm 1886 preferably includes one or nore pens 1888 to
make one or nore marks at the proximal end, of shaft 110. In both shaft
mar ki ng mechani sms, a 5 respective pneumatic cylinder preferably is used to

rai se pens 188§oﬁﬂﬁ@dc§rﬂa&11§fhéﬁ' sbed it AdRagnd¥ ei@wbiy ehOr§teady shaft

110 for the marki ng. process, shaft deflector par i s raised by cylinder
or ot her actua?ﬁ%lE@ﬁrt%rd%?m%Eta§%5$¥°ﬁjkﬁ%%r%?c%??? 3ptaREednbPe
important, to h@tﬂdrawfép@&mma@nehomwnmléydﬂrléd:m;gomhewawﬁreg process.

Anot her cylinder or othe uat or 4 th ate ns 1 i stal
end shaft narkg%% ﬁ%%%%ﬂ?éﬁ?i S%Xl%x@ nefed t E% E%Ef%%fo i%% 68
proxi mal end shafizontklhg 15Auechaheémrd885e|sn®Jsb bloe ulatadesoofhat pen

1888 at the %&Q?$mﬁﬁg%€?%g %hfétﬁ%%q”%§§§%§w£?|d F@é{fo ar 190

continues to de a ernatlve f scussed above,
one or nore sté¢tkersomagnelechd 34 b%a¢¢ﬂ@P%ﬁggm%%ntr%%?¥$h@§ lﬁ%yhgedapplled

20 to shaft 119n Jeeeﬂmyslwﬁe O8ushadtsHAPr af £0 "BsleoPEL MBLELY tO align
shaft 110 with the head, and therefore the nunber and | ocation

0
of the marks |EuEStgﬁf%%}l%fh%ﬁb?%%ta%£%ed on the needs of the equi prent
used to atitach the head A®» shaft 110, os¢ilheteepdshofm@bian ohHdtiedual

attaching the QEQ tt91 h%%tséégegaﬂga{i§: %’p sgeggg sensor assenbly

1877 is simlar abo he process t he user
mounts tip nasssaﬁmbéﬁnt@77aSSeh@¢9rd®¢7bYuer¢@F$$@¢ fhceanfl &hectronmagnet

1894 as an al i gnpety B4 f@CE maximum out-of-plane vertical

acceleration or displacement and the vibration
15 frequency are noted.

Preferably, after enough data have been
gathered, a dampener 1898, such as a foam pad, is moved
into engagement with shaft 110, preferably by
cylinder 1899 mounted on support 1900, to stop the

20 shaft oscillation.

Whether or not dampener assembly 1897 is
provided, electromagnet 1894 is next re-engaged with
assembly 1877. While servo motor 1885 rotates
shaft 110 to the next angular position, which

25 preferably is 10° from the current position, engagement
with the face of electromagnet 1894 keeps assembly 1877
aligned during shaft rotation. Set screw 106
preferably has a nylon tip so that if assembly 1877 is
being held from rotating by electromagnet 1894,

30 shaft 110 can nevertheless rotate relative to
assembly 1877. Electromagnet 1894 is or remailns
energized and is again withdrawn to deflect shaft 110
which again preferably is released to vibrate by de-
energizing electromagnet 1894. At this new angular

35 position, the displacement data, including the maximum

out-of-plane excursion of the shaft tip, and the



30 after golf club shaft 110 is inserted into chuck 1876. {©¥fEpnggr or

ot her actwat@fys¥P> is set so that in’its rest position, gdy ()?E@ﬁ’%s

el ectromagnet 1894 in the <correct position to be used as an alignnent
surface for the mounting of tip mass and sensor assenbly on 35 shaft 110
with shaft 110 in its neutral position. After tip mass and sensor assenbly
1877 has been 16 FEB 2005 WO 02/ 056977 PCT/ USO /49907 - 41 nmounted and
aligned, electromagnet 1894 is energized: 423dinder or other actuator 1895
is then actuated to w thdraw el ectromagnet 1894 in_a, direction away from
t he | ongit udi nafregyenef %%Faﬁtallqoa%lrdm%%d%%aftmﬂm Tsheepedhedi f. At

or before the eneb@iride, turvedrfanfhBot r DNBarRei1d 8HWré Petiv1 WM thdhaval
di rection, electroqﬁgnet 1894 is_de-energized, releasing its_hold on

assenbly 1877, thusiFy Sl oAt PIRRS | ?%Fs%%%s At | ARy ERREHSBAY al | y.
10 As shaft lliéscidtatessildielantooreioirthesishaidulap pessbehsrd. by tip

mass and sensor 1877 i recorded s PLOSC
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and t he vi br at i ore 1t5ihe merQathuhefmmwn ahagrnendogh data

have been gat }d&rrpé%? 4 @anbag t gde into
engagenent MAtngéﬁg#t 110, pre erabl §¥ ?fn er 1899 n%%%%egqﬁﬁ %upport
1900, to stop tdafa zma%r%ﬁtt%k%rmtatﬁftm "lﬁm HER" Rosit lemnprthert akBenbl y

1897 is provideehin@i®etr toééﬁﬂlael&exgslé@ee@wwﬂomw pseeabl y
1877. Wil e servo notor rotates, shaft f the next angul ar
position, w cHh®%E %ﬁ%&%i QF i EraARR §3 bt %%r DRsP¥) on, engagement

with the face of electromegnei dBrkenpse ass ety ymdssy 7andal $©ﬂﬂ@drd_uri ng

shaf . rotatl on. . Selusfy 4705 o AL SEablValasutn PYASN, tiRodg Hhat 1
FIG. 26, may be used. Tip mass assembly 261 is similar
in size and mass to tip mass and sensor assembly 1877,

15 except that it does not include accelerometers or any
other sensors, eliminating the need for a wired or
wireless connection to processor 61. Tip mass
assembly 261 includes a flat plate 262 for interaction
with electromagnet 1894. For reasons discussed below,

20 plate 262 is preferably mounted at an angle of 45°
relative to the faces of tip mass assembly 261.

For use in conjunction with tip mass
assembly 261, apparatus 1870 preferably is equipped
with a pair of laser distance sensors 263, 264, each of

25 which may be a Type OADM laser distance sensor which is
available from Baumer Electric AG, of Frauenfeld,
Switzerland. As shown in FIGS. 27 and 28, sensors 263,
264 preferably are mounted so that when tip mass
assembly 261 is mounted on a shaft 110, sensors 263,

30 264 are on the opposite side of tip mass assembly 261
from electromagnet 1894. More preferably, upper
sensor 263 is mounted at a height such that its beam
impacts substantially at the centexr of side 270, while
lower sensor 264 is mounted at a height such that its

35 beam impacts substantially at the center of side 271,
when tip mass assembly 261 is mounted with plate 262



being held fromrotating by el ectromagnet 1894, 30 shaft 116 FEAn05
nevert hel eosuzrosesate rel ative to assenbly 1877. El ectr omagaaiush8dors or
remains energized and is again withdrawn to deflect shaft 110 which again
preferably is released to vibrate byde- energizing el ectromagnet 1894. At
this new angul ar 35 position, the displacenent data, including the maxi num
out - of - pl ane excursion of the shaft tip,_ the WD 02/056977 - 42 16 FEB
2005 PCT/ USQOL/ 49907 frequency data are a n recorded. This is repeated at
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distance d; from upper sensor 263 to side 270 will
15 always be substantially equal to the distance d, from
lower sensor 264 to side 271. However, as can be seen
from FIG. 28, if there is any vertical component in the
vibration of tip mass assembly 261, then, even if there
is no horizontal component of vibration, the two
20 distances dy and d; will differ.
Assuming:
(1) the horizontal and vertical displacements
of tip of shaft 110 are denoted x and y, respectively;
(2) the difference between d; as measured
25 when tip mass assembly 261 is at rest and d; as
measured during a particular measurement is denoted Xg;
and
' (3) the difference between d, as measured
when tip mass assembly 261 is at rest and 4, as
30 measured during a particular measurement is denoted xg;
then x and y can be derived from x; and x; as

follows:
X = (X3 + xXg)/2
v = (%, - xg5)/2
35 It will be apparent from the geometry that

tip mass assembly 261 &ould be mounted so that



Switzerland, As shown in PIGS. 27 and 28, sensors 263, 2616 pEBMEHabl y are
mount ed s& ¢ AE4MHRen tip mass assenbly 261 is mount ed on B HERE70,
sensors 263, 30 264 are on the opposite side of tip mass assenbly 261 from
el ectromagnet 1894. More preferably, upper sensor 263 is nounted at a

hei ght such that its beam inpacts substantially at the center of side 270,
while |lower sensor 264 is nounted at a height such that its 35 beam

i npacts substantially at the center of side 271, when tip nass assenbly
261 is nounted sdddsptabear822WD Q2L0h6074t-488 ah§1EEBr2086iPETLY SO ]

/ 19907 bstanti al | I .shoul d t 106
shown iﬁ“pﬁaﬁ?d%$;%¥%$§£jo§$r§ﬁaE§§e°g8C5ﬁ§ i3 e?gnpgilgléségfégmﬁn sihz
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> than is the p\% i&d1 Wagogshshgeﬁg}ggg ) frg S@Héﬂrﬁﬁg%atﬂéﬁé gcLs side

270. Therefore, Scre does Interfere wt 0 era i on of
sensor 263. Eacfpbfd%éh'gbng 263nd2BAfrom| ¥dend Funswuldde ce and a

phot odet ect or a@ﬂg&pﬂ@aﬁ@wym@asaemﬁglcéeeahe tEmpill hakgspbor a laser
pul se to reach a surface of E mass assenblg 261 _and _return to_the
r

phot odet ect or . %%P?Ee%bpSF%Et ofh BPE noges ?rYlﬁornﬁ§§e%§§Eﬁb?93V|brates
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will 15 al ways be sub, ntially_equal to the djstanc L from r sensor
264 to side 2715t €$$: %Z&Caﬁs C8ged® ??%n# §88eF?CFﬂEr%8¥§ any
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the difference dehyeesn 86sasopragveedsed, care should be taken that
the positions chosen are not ones such that the
15 aforementioned condition could be violated by a degree
of vibration within the expected range of vibration of
tip mass assembly 261.
It will also be appreciated that sides 270,
271 of tip mass assembly 261 should not be perfectly
20 reflective. 1If sides 270, 271 were perfectly
reflective, all of the laser energy emitted by the
laser sources in sensors 263, 264 would be reflected
away from the detectors in those sensors. There must
be sufficient specular reflection that some of the
25 laser energy returns to its source. Preferably, the
surfaces of sides 270, 271 are made as close to a
"white paper surface" - i.e., a surface that, when
excited by laser energy, re-emits omnidirectionally at
the same wavelength as the incident beam -- as
30 possible. The two sensors 263, 264 should be far
enough apart that reflected or re-emitted energy from
side 270 does not reach the detector of sensor 264, and
that reflected or re-emitted energy from side 271 does
not reach the detector of semnsor 263. Alternatively,
35 the two sensors could operate at different wavelengths,



25 when ti p mass assenbly 261 is at rest and dQ as neasurqd FRArigmo a
parti cul %Owﬁwﬁmnt I s denoted xp; and (3) the di fferpg.gﬁspl%)g\@pn dL as

measured when tip nmass assenbly 261 is at rest and dL as nmeasur ed
during a particular measurenent is denoted XL; then x and y can be derived
fromxu and xL as follows: X = (XLt XIl) /2 y = (XL - XIl) 12351t wll
be apparent fromthe geonetry that tip nass assenbly 261: e6ul d be nounted
so that WD 02/05611177 - 44 16 FEB 2005 49C / USQ, / 49907 sides 270 and 271
are not at 45 angles relative to vertical (or relative to the horizontal

vi bration plage)thhuttrat begnal sdHnenet Hetsangte@sldhhofuse toeddebyverti cal
(or to that pI%ngtgut then the mathematics 5 for deriving x and y from

e

. er sSensor. . .
xi, and xQ wou Srgnifrcantly nore conplicated. It will also be

apparent that it is not Feeessaryifsensereciols 268, ing6aad cobHe nount ed
opposite the respeclidbepiepoisd s pbs Sideradd OsiddilacdfedOh@s the beam

of detector 263, i ntersect side 270 and the beam of _det ector 264
will intersectdsraetdyl WstRPp: nBEY BSIEnERYy PHICITALIA 2L However, if
ot her nounti ngapesitiensoRl dasLNSOREw2ESr, 264 @ £raseshoeas ecghoul d be
taken that the gﬁsition chposen are_not ones such fhat the 15

af or ement | oned®CHRATET oA cHBFd DRV DI e AP oG ¥ MRS YISRT DN wi t hi n
t he expected rangedbéplabemtnomedsutepensssybskénthy 26ie dtdswitd. al so be

appreci ated that sides 2 2 o] ' S ly 2 0 t be
perfectly 20 reflecti vegg??rgglé%sé%%%?eg%?mg?eﬁggr %%%%Feeﬂsgc 1|9ve, al |
of the | aséf eakbigynagniarepopytives, | aseemsbyir E&E7 | or sehbors 263 264 woul d

be reflected removed manually from shaft 110.

' The actuation of servo motor 1885 and the
various cylinders/actuators is preferably automated
under the control of processor 61, so that the multiple

15 measurements can be taken quickly. If measurements are
taken at every 10°, the full series of measurements
preferably is completed within about two minutes or
less, and preferably within about 30 seconds. If
pneumatic cylinders are used as the actuators, the

20 various pneumatic cylinders preferably are powered by
compressor 2000, which preferably is located within
enclosure 1801 and is connected to the various
cylinders by hoses 2001. Enclosure 1801 may be used to
house other components (not shown) of apparatus 1870.

25 The result of the measurements is a
tabulation, for each angular position, of tip position
(particularly out-of-plane displacement) and vibration
frequency. To locate the principal planar oscillation
?lane, the out-of-plane displacement may be plotted in

30 polar coordinates as a function of angle. An example
of such a plot is shown in FIG. 21. At each angular
position, the distance of the curve from the origin
represents the out-of-plane displacement at that angle.
A typical golf club shaft will have a multi-lobed plot

35 such as that shown in FIG. 21, although the number of
lobes may vary among different shafts. The cusps 210




away fromthe detectors in those sensors. There nust be sUf FER i2&0ht
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61, so that theSFHLRHION BlRss Qreiddtd lYakeied HedFepentady by fthat
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preferably 1 Somphel od Wy aheul, I es 0 o sy o eratly
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the angular positions at which measurements actually

15 were taken. Processor 61 preferably is programmed with
software to plot the data and select the principal
planar oscillation plane automatically.

In a preferred embodiment, such software fits
curve 212 to data points 213 using a Fourier series

20 approximation. If, for each point 213 taken at a
particular angle #, the distance from the origin is
indicated as r(6), then points 213 can be fit to the
following series:

r(6) = By+B,cos0+Bisinben,cos(28) +B,5in(20) ++A cos (mf) +B,sin (md)

25 where the closeness of the fit improves as the number
of terms, m, increases. However, where N is the number
of data points, the number of terms is limited:

me (N-1) /2. |
Thus, in the preferred embodiment, where the number of

30 points is 36, the maximum number of terms is 17.

In the series above, the coefficients are
defined as follows:
A, = (1/N) Ear

35 (i.e., the average distance of points 221 from the

origin) ;
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210 at a parti@gpgﬁugna e%gﬁgu%grhgvgﬁégﬁa?g h%ﬁggda§§§ ??o%???%ﬁ g%% such
pai r (indicatedubyeddshed Thengit2imprp¥presennsinaseateshe pl anar

oscillation planes of tBRgcghafibveWhth tRerpEi pgi painpkanas, egelllation
pl ane ordinarily being represented that 10 pair of cusps that are

b
cl osest tolPhefd¥rFi ASTRVatiNsuls Eéiﬁﬁtéadtﬁﬁ BIUBLoEPi A§TPhECOBLE Y ed
data graphi cathy, mbhemari(Répbpabfptasaronpssl | hatli eAephangmgan be preci sely

| ocated even if its pqsition_is not one.of . tEe angul ositions.,at which
measur enent s aéfﬁﬁ??ygigsmerg£?aﬁ§ﬁ9ngr885§¥8 181 g?eEéngﬁﬁkfg SFogranned
with softwareeachpkatrehendabaidadtséyewhitheipr anvipahunpbangusp
oscillation p'gBSSQERQQHEbEQEBYdfgﬁvétEGESeéhﬁdwﬁﬂéﬁd&HEQtma%&&ﬂn§°ft“ﬁre
fits curve 212°to data points 213 using a Fourier series
- 15 (negative second derivative). It has been found that
for curve fitting purposes, thirty-six data points (0°
to 350°) should be used if the end points (0° and 360°)
are to have the same slope and displacement, but
thirty-seven points (0° to 360°) should be used for the
20 derivatives.
The formulas for the first and second

derivatives are as follows:

m
r'(0) = 2(-2;3sin(j6) +Byjcos(jO))
25 j=1 \'

r" () = g(-Aljzcos (3 6) -B;3%sin(j 6))
j=1
A commercial root-finding subroutine called

30  ZREAL, which is available as part of the International
Mathematical Subroutine Library, from Visual Numerics,
Inc., of Houston, Texas, preferably is used to find the
roots of the first derivative -- i.e., the points at
which the first derivative is equal to zero. This

35 subroutine requires that initial guesses as to the
number and locations of the roots be provided.
Although it is known that there are normally eight

roots (four maxima and four minima), it was found that



20 approximation. If, for each point 213 taken at a partilduttdr2Bngl e 0,
the di st aN@d2fir@iAithe origin is indicated as r (6) , theRCPAISM/EL2TL3 can
be fit to the following series: r(0O = AO+tA3. COSO+Bj Si nO+tA2COS (20) +B2Si n
(20) +---+A~Cos (MO +B.Sin (M) 25 where the closeness of the fit

| nproves as the nunber of ternms, m increases. However, where Nis the
nunber of data points, the nunmber of ternggis limted: m¢(N-1)/2. Thus,
in the preferred enbodi nent, where the nunber of 30 points is 36,.the

maxi num nunber QﬁeéEi%ﬁ L$ EE-rbBtEhgwﬁEéheﬁeﬁéoaﬁbiEPErfPﬁféﬁ&éEQéSt@fe
defined as folldws: AQ = &%/thr 6 35 (i,e., the average diStance of
poi nts 221 fron®% HedUerNgH L LVEB2FBg60F7d 18°FER B 0L PaTP®isd1/ 48907 - 47

A3 _ (2/ N)Bycos#®)foand PnBrezd(2hd} Hysssindpashheerhobsesved-waptyically
that a m ni num of four iergs %nr4%ﬂis needed ggr gg acce ta%le cgﬁve fit.
The fit inproveSTAE NPTt 8¥sBRACeHCECRET VBT 2195 K% i $OT 5 pbi FEEU54S; the
10 first derfjvalioweves,t Akewaandlset fequnal that zBoo higliéendordde frbksna
(tips of the lo nd e_mni Ccusp 0 h 1 erjlvaijive is

t hen taken at gﬁ% OZXtF%%uﬁgkgei égtg?y%ﬁ%%c%h?g gaﬁiﬁﬁggﬁ?o;hcgéé
(positive secondrier¢yeried)wigdleni ¢h the af Makéduenase (Heglatwere seeadd

derivative). it,hasobeenefouBlat Nate1dohqCaayeibili NBoptikposes, thirty-six
data points (0 to 350) should be” used |? the end_points (0 and 360) are

to have the sanEr¥eperandmdPEpfacahert Showtdthe rigsselvadr phi ntBOFH to
3600) shoul dobeptisedréplyt ha=720 derivati ves.

Once the roots are found, identifying the
extrema, the second derivative at each root is taken,
and those points at which the second derivative is

- positive are identified as minima. The lines
15 connecting pairs of oppositely spaced minima are the
planar oscillation planes, and the load data preferably
are used as discussed above to identify the principal
planar oscillation plane. .
As stated above, vibration freguency is also
20 recorded at each angular position. 2As also set forth
above, the stiffness of the shaft can be derived from
the vibration frequency using the relationship:
£ = (k/M)°F,
where k, the spring constant of the shaft in its
25 transverse bending mode, is a measure of the shaft
stiffness. M, the mass, is the total mass of the
oscillating system, which, in this case, is the golf
club shaft 110 plus the tip mass and sensor
assembly 1877. Approximating golf club shaft 110 as a
30 prismatic beam (i.e., a beam of constant cross section,
which most golf club shafts in fact are not) of mass
Maaee and assigning the tip mass a mass mgy,, then the
total mass, M, in the relationship above can be
approximated as M = 0.23mg ¢ + Mg,. Therefore, the
35 frequency can be approximated as:
£ o= (k/(0.23m,e + my,)) 5.



The fornulas for the first and second derivatives are as ¥oFEbBMSS 25 m r'
(0) = E( - W 0340p697] 0) +B1j cos (jO) i=1"M r" (0) S(-AljzcoB8CTASOBIY%%in (jO0)

) =1 A comercial root-finding subroutine called 30 ZREAL, which is
avai | abI e as part of the International Mathematical Subroutine Library,
from Visual Nunerics, Inc., of Houston, Texas, preferably is used to find
the roots of the first derivative -- i.egg the points at which the first

derivative is equal to zero. This 35 subroutine requires that initial
guesses as to tdw vigbedr and,docad i ons of the roots be provided. Although
it is known that there are normally e t roots (f maxi ma and four
mnim), it was found that 'NO® 2705%9%7“@&11’48* T@xpﬁ%B 2005 PCT/USO1 /49907
guessi ng ei ght root S (V\himktdm;mm@lﬁ rp&rdvh}degu%s&mistureMtemﬂ angul arly

spaced) did not a roots. .t und i nst ead t hat S t hat
there are twent é%tﬁ asngki}f arl'f %pa%ec?ﬁ'ﬁa can «?Ied C%t“}?earegr r ecta%rogglu 1{15.
However, it Ewas ad sonifrgrithe heeime crerngtghert (srh@ért fiist s7ibmat 1b@) 2ast he curve
fit so well %efafda d Aoid) th%e%anqﬁ%aﬁce%wég%%ws dnfe dfd tted

curve that were rea extrenmn tional roots.

Therefore, m pr@fté'%‘tﬂ%ﬁ St tel ayek @ B Wlﬂl%ﬁf the heddr Asised me7.

Once the roots cﬁi&ﬂ@%tdﬂﬁﬂ:}lﬁd’ﬁd@ g urXehe R g it reRiC g iehef itwat | ve
at each root aai( d those me nts at. whi ch_the second derlvatlve i's
fﬁﬁﬁ fﬁeeSd:

positive are i i TN AR9EESTs e dEVHG TR

opposi t el y 1ISpaceth Menidetermeiid® using a travel gauge, or by us:Lng
optical techniques, if preferred.
As set forth above, at each angle:
F/k = d + 9,

where F is the measured restoring force and 4 is the

15 displacement applied during the load test. If k is
also known, 6, the deviation of the center of the shaft
tip from a longitudinal axis passing through the center
of the shaft butt, can be determined.

In an alternative and more particularly

20 preferred embodiment, the deviation & can be determined
during a modified load test without first determining
stiffness (as measured by the spring constant k). In
this embodiment, cylinder 191 raises shaft 110 a first
displacement d; and restoring force data are collected,

25 .~ and then cylinder 191 raises shaft 110 to a second
displacement d, and restoring force data are again
collected. The two restoring force data points for
each angular position can be captured by moving
cylinder 191 up and down at each angular position at

30 which oscillation data are collected. More preferably,
the restoring force data points are captured as part of
a modified version of the load test described above, in
which cylinder 191 is moved to position d, and
shaft 110 is rotated through at least 360° while data

35 are captured, with cylinder 191 then being moved to
position d, and shaft 110 again rotated through at



planar oscillation planes, and the |oad data preferably re as
di scussedwaamwesoto i dentify the princi'‘pal planar oscill atiﬁqv%@ g As
stated above, vibration frequency is also 20 recorded at each angular
position. As also set forth above, the stiffness of the shaft can be
derived from the vibration frequency using the relationship: f = (k/M O0.s
where k, the spring constant of the shaft 'Jljts 25 transverse bendi ng
node, is a nmeasure of the shaft stiffnes Nl the mass, is the total nass
of the oscillatin £ se, go. club shaft
110 plus the trafp n%s?sz&r\dr%rleir,\!;eora ‘—"\‘slsrclarﬁi)arkE alé)préoéx}?rratﬁ\gagolf cl ub
~shaft 110 as a pa3C jprilsmly Eirtanydd eembcaﬂzbmﬁ.ofda:tm\samtca:pmse@eetr on,
whi ch most ol facdgifs Shalds dn Jaghaae 119t )i O r it ey {30k assi gning
e

the tip nmass a na ntip, mass, I n re ationship

above can be abigrest inn efdn;ar?s,ug\h an) 1253%%‘41a3fﬁ°°+ R1L |€p g ThelrRF e 3peuBbs

- frequency can hey@pprand neded as d a-lr(i%!%(tﬁn?é)d“ﬂ@fdls"pmééﬂén@ &, W
02/ 056977 - 49 16 FEB 2005 PCT/.US 1/ 4990

Sol vi ng for y
(0. 23mshaft + m3e® ¥P 1pddhak ‘ﬁs ShraRi eﬁk-Pe‘FﬁC‘brm
stiffness by whilctowgte tslhafstamrtd:teal:czrr@ﬂesdr tdi it deemerct ( asBiubg ng t he

sane | ength of ) %555? )__ t ning k al so
all ows one to mr%%e&cﬁ eq%dan-’gjt&?%uﬁ vﬁﬁ-ﬂr on { th? %[ﬂ based on
the restoring f&)rcewiréﬁumrh% spdtviest €9xddring the |oad test at the

various angjgs. This deviation also 19, can (Qle+@§eterm ned using a travel
gauge, or by using optrcal t echni queg | f dre%()arred As set forth above,

at each angle: F/k d + 8, 2 = 2+
’ k =k, -
F,/ (d;+8) = Fy/ (d,+6)
F,d,+F;0 = Fod,+F,0
15 8 = (Fpd;-Fd,)/ (F,-F,)

Because the load test is being carried out
with the tip mass attached, the weight of the tip mass
preferably is subtracted from the measured restoring
force. The load test data measured at a particular

20 position are recorded for a different position 50° from
the particular position at which the measurement is
being taken, to account for the fact that the load test
is conducted verticaily while the planar oscillation
plane location measurement for the same angular

25 position is carried out horizontally.

Typically, when 6 is plotted as a function of
angle, the result can be represented, as shown in
FIG. 22, a larger circle 214 centered on the origin 215
and a smaller circle 216 offset from origin 215. The

30 relationship of the diameters of the larger and smaller
circles is proportional to the relationship of the
diameters of the butt and tip ends of shaft 110, and in
a preferred embodiment the diameters of the respective
circles are equal to the diameters of the respective

35 ends. Thus, this plot represents the location of the
tip end relative the longitudinal axis of shaft 110, or



where F is the neasured restoring force and d is the 15 dig

applied qy§bggﬂ-hﬁ load test. If k is™ also known, S, thepd ﬁ&g@bﬁg?%of t he

center he s aft tip froma |ongitudinal axis passing throug

center of the shaft butt, can be determined. In an alternative and nore
particularly 20 preferred enbodi nent, the deviation 8 can be determ ned
during a nodified load test without first determning stiffness (as .
measured by the spring constant k). In -thts-enbodi ment, cylinder 191
rai ses shaft 110 a first displacenent dl and restoring force data are
col l ected, 25 &ndothex @VFﬁﬁdéPelg¥tP&Ps§§ YRarh $heftold OsdSom@Pt

di spl acenent d2taadgest or irhg ﬁ@h@ezd@t@eﬁ&éséﬁ@bnth@OHhQ%EQQonT%& oM
restoring force data ul ar position ca

ints_for ch a b ured by
moving oyl i ndBERds1 dBEnd goRRSECLaagN ARG B CRoSEO ok sy 196 WAST
oscillation dapaoatidesolthdst edsullbr ésptef beabkpectelie rast ar god £ff el dat a

polnts are %apt% ed 33 B%h& Qﬁ d8§9§gfh§9rvﬁﬁ§§8pl8k tggenlgggl§3§ haf t

descri bed abové i'STnove
110 is rotatedatﬁp@a@hd@m1MGa§tl@@dotﬂhtléndéhg diseateoaapiut@@ bginidh

cylinder 191 tk};&ﬁlb%@m%ﬂ\iﬁd t%ma@.@é'rt kQBtgglﬁgdf%Q@Et chi@ qgaiper ot ated
t hrough at WO 02/"6977 - | east | e again data are

captured. In aapﬁéﬂﬁﬁcépéFﬁylﬁréPEﬂF@é eHpdBPhefRne dirgchiencapt thed at
di spl acenent dbeas . ShQEhsllgokSeaEﬁtahQQelnl@ thestestbi-gali garihr aqugh at

| east 360 - - thr ut and data are again captured at

di spl acemer? dE%&§t1§ﬁ 9 tgo?a 84 RR 5n§280ﬁ80 oppEgirt Ehﬁlrectlon
through the sameStotdhgamgmbarwdﬂipbacee&atlv§hyslapgevldeﬁ trdeecequat i ons
in two unknown k and S -- which can be solved for S 10 F1 = k (dl +S)

F2 = k (d2+9) %ersﬁ

The process and apparatus according to the
present invention can be used as part of a larger
15 process or apparatus for assembling golf clubs, to
produce "spine-aligned" golf clubs. Thus, each golf
club shaft 110, having been marked with a reference
mark at a predetermined location relative to the
location of the preferred orientation, or planar
20 oscillation plane (whether or not marked to indicate
the "hard" side), can be passed to a golf club assembly
station where the marking on the shaft is identified
and used to assemble a golf club with the planar
oscillation plane preferably substantially
25 perpendicular to the golf club face. Depending on the
relative speeds of planar oscillation plane locating
apparatus 60 or 1870 as compared to the golf club
assembly station, more or fewer planar oscillation
- plane locating stations or assembly stations, as may be
30 appropriate, can‘be provided. Thus, several planar
oscillation plane location stations 60, 1870 may be
used to 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
35  slows down or stops, or is not ready to accept a new
golf club shaft 110 the moment the shaft arrives.



F1/ (d1+S) = F2/ ’Ed2+S) F1d2+F16 = F2d1+F26 15 S = (F2d1-1|'—51<EIEZB) /zué]lﬁil- F2)
Because tWE€ $28587test is being carried out with the tip P&EILRIFWERhed, the
wei ght of the tip mass preferably is subtracted fromthe neasured
restoring force. The | oad test data nmeasured at a particular 20 position
are recorded for a different position 90 from the particular position at
whi ch the measurenment is being taken, to @mccount for the fact that the

| oad test is conducted vertically while the planar oscillation plane

| ocation neasurenment for the S NE!l 8658 PPSstd©OToh SpERFEFEH1PULs
hori zontal ly. Typi.cally, .\M}gn Sis Ioté?ed as a fémctlorhof ngle, the
result can be r@’r‘é&ﬁ#é’&t & SHAWSH B9%6 1SNt Ly g e ne 1YL Bage
centered on themidgifh Zhib shufta Snelimdicitithe 2HE Dbéselod rofn tiie gin
215. The 30 rel atr{aornshslctpioﬁ#eﬂ%eldédfalrrﬁé_er s%ﬁ)%?t{&?e]aeé rI 2 | ng S Ll er

circles is pro;?olr rona onshi ers of "the butt
and tip endss ofidemdfifdegd, sialft nll& v efaraed endbothaerthe eadk abet Ens of
t he respective ' Enaunl; 40 | aopt theer eclq 35
ends. Thus, thi%%ﬁ%%eetrgee%éesents lt%e %%%%r?i on o@?h@pti p € re %‘tml?ve t he

| ongi tudi nal axieabftaHkg tatached Yo S i56bYY, -amd that FEl Doebub

PCT/ US01/ 49907 Hdyptiternamy dsn thepexd il ri Dnadi S shedtidd0ag s not
straight. The line 217 represents fhe direction fﬂtﬁtg 1I1bend. That the

restoring forceifdtta ¥ s RS§ dstO e it is to be
expected. ifoa golf club Stsdaddt iwdent éacka el fi clblarhehd ecdhDd, bé hen

appl ying a forge ghud dg, & o8l Leetoddbd e 186t ion0lcf e bendry i
result in a smal1er restoring torc ThEh i T The applledF?orce I's apptied
agai nst the di ractdolt oflutheshdhdl 10THusst floe malkthedgl & $¢anmerrest ori ng
force is 10 relatiyel g sm@ld a1 NEMd N RIROUE B8 a¥Yst t1€0 and the
golf club head and rotates shaft 110 until the two
15 markings are aligned. This eliminates the need for the
golf club head holding mechanism to "know" a specific
orientation in which to hold each different type of
golf club head for alignment with the marked shaft.
Instead, each golf club head can be held in the same
20 orientation, and as shaft 110 is brought close for
assembly, shaft 110 can be rotated until the marking on
shaft 1106 and the marking on the golf club head are in
desired alignment before shaft 110 is joined to the
golf club head. .
25 Apparatus 220 for assembling golf clubs in
accordance with the present invention is shown in
FIGS. 23 and 24. Apparatus 220 includes at least one
apparatus 60 or 1870 (one apparatus 60 shown), a
conveyor 221 for removing completed shafts 110 from
30 apparatus 60, 1870 and depositing them in a hopper 222,
a feed mechanism 223 for feeding each shaft 110 from
hopper 222 to assembly station 224, and assembly
station 224 itself.
At assembly station 224, a feeder including
35 arms 225 connected to a motor (not shown) delivers
shaft 110 to chuck 230, similar to chucks 76, 1876



restoring force will be relatively large, and vice- versa. |fH&Bgcess and
appar at us Yieedi’ig to the present invention can be used AI7/HEAINT a

| arger 15 process or apparatus for assenbling golf clubs, to produce
"spine-aligned" golf clubs. Thus, each golf club shaft 110 havi ng been
marked with a reference mark at a predeterm ned |ocation relative to the
| ocation of the preferred orientation, or ¢d anar 20 oscillation plane
(whether or not nmarked to indicate the "hard" side), can be passed to a

gol f club assenphychstatiesp enslaaesm.ftklﬂgoOﬂr@rhens@aisfoﬁmaﬂeéMfled
and used to assenble a golf. ¢ b W th oscillation Iane

preferably subsERRPPEF| 933509 ﬁeﬁd?%ﬁ% ?l?%a?%%dg%??'cW%bchaﬁ " PEependi ng
on the relatlVﬁaypﬁ@dSbgirphﬁnallgﬁmehtamaﬁmlméama3 otfit thgre appatiat us 60

or 1870 as conpared to lf C as f.ewer
planar'oscillatg%ﬁgnﬁ?% m? éP?n%ygta%?iﬁnb%¥bS% %h#%zs%%f?%#% 5¥%s may be
30. appropriat egrtppebe2 pt ovn dedkndimsposivirml phictarmapsdiffetidorpl ane

Location stalioape p0:o18TO0BY be cupeci®yheta Siadle,golt iy assenbly

station. A ho ovi ded at t asse station to
act as a buffers¢®n%a%baﬁ%elh§séﬂﬁlWaEEhmgo%3%53%I@M%CHo&h00¥0%4@®%

not ready to acgeph ScafNerg9ti chebr shads ddbcife BN dbesshalds
arrives. 16 FEB 2005 WO 02/056977 PCI/US01MB907 - 52 ' 10, The o ol f cIub

assenbl y stati ol PFEEeFaFHUFE 23QuFPpRUITR (PAEKERAMRS WD 3RSARhg t he

mark made oo gﬁéfkﬁﬁ@b2§®ai&céﬂ@dlﬁﬁl§@&mﬂ@rt®®6JOﬁﬁIWDMhoi the planar
oscillation pla

rotated so thatP ?ﬁ%éﬂﬁf?l?gélg?{§p5?§ﬁ§$:$%¥h%§f %%ﬁ?é?Sh f# 1'(t)hlestype of
golf club headChocke220tandedgrippshatll ldfe tumen ttowedotdgethdr ead is
held in a prEdeﬁgéfﬁgegngréfnﬁééﬁO@h@feof, and shaft 110 is joined to
golf club head 232 in an otherwise conventional way,
15 using whatever adhesives, ferrules, etc. as may be
necessary. ‘
FIG. 25 1is a sample of a printout that may be
provided to a customer in the case of a golf club
retrofit, giving various characteristics of the shaft
20 and comparing the club's original configuration to its
new configuration. This printout provides information
for the consumer regarding the characteristics of the
golf club, and also provides a data bank of information
for the retrofitter regarding each club that has been
25 retrofitted.

Although the data are laid out in a
particular arrangement in FIG. 25, other arrangements
are possible and would be within the scope of the
invention. Customer and shaft identification data are

30 preferably provided in field 250. 1Included in the
identification data preferably is a bar code or other
machine-readable indicium (not shown), which may be
placed in box 258 of field 250 and which can be used to
recall data for the particular shaft from a data

35 repository. A matching bar code or other indicium

~could be applied to the shaft itself. 1In particular,



shaft 110 is assenbled to the golf club head. Alternatlv%u%f g@@? gol f

cl ub head™ébiH§%5é provided with an alignnent marking to E ¥7mar ki ng
on golf club shaft 110 nust be matched. A scanner scans for the alignnent
mar ks on both shaft 110 and the golf club head and rotates shaft 110 until
the two 15 markings are aligned. This elimnates the need for the golf
club head hol di ng mechanismto "know' a spegific orientation in which to
hol d each different type of golf club head for alignnent with the marked

shaft. Insteadjreachagolfisl ubehead Sﬁﬁl?eaﬁﬁéﬂméﬂttﬁ&rﬁ@ﬂQSZQO the
orlentatlon and aﬁ%shaf 110, s broug t close_ for. ass ﬂaft 110 can .
t

be rotated untifBthe FRrRFRGLHREdsABPYE 11BRahal2RR! nEPRi ﬂga fotRe2Hol f cl ub
head are in deshé¢eihaicgaoment before shaft 110 is joined to the golf club

head. 25 Apparatus 220 fo, ssenb n s in cordance t he
present invention is shom%h?npr#F 92@ Ab%%%%ﬁug 32%§a3%1% %s at
| east one appaskowsngOtloe ﬁ@Q@ltsnefap@arbmm@ 6Osshdnayusaedcabovegor 221

Lo Snoving COMREARCiShL S A2 foom nfepay iy dé%éﬁggdgggvggggs'“ ng

themin a hopper eed nmechani sm ea 0 from
hopper 222 to a@@@ﬁ%lysst%P@@heQ24an@n@h%s@@hma¥lZ%@al@@@ doningsehe. At

~assenbly Stat'0ﬂo§84te§tf§§d§5r£Q§LHQango §§1E£ﬂ§s§2§n0988écﬁégn&§ pepotor
(not shown) delijvers shaft 110 to chuck 230, simlar to chucks 76, 1876 16

FEB 2005 WD 02/ 85877 fﬁaﬁ/%ﬁl}ﬁsgeﬁ the 3" sRARLRI T 0P At BBRY2Rol ds shaft 110
fromits proxi nesceDlati&hi ppene28dchpies Begohfeténbshead gB@wnwhi ch may

ki 595 ookt Brfh PUGPASIRELAG, B Bhattohlel 3,08, A ENIRY'
posi tion, mhlchpn@gemtédetOf@howdlréepeutlv?bﬁs tlie gohéft| ubbhabisn A
scanner 234,  sgals, S0afisd10:T0f PRELKh 195830 ASpSLHEKA30nE CL AL £fe
principal planar oscillation plane as located. A
15 plot 255, similar to FIG. 21, is also provided, except
that while lines 259, 260 representing all planar |
oscillation planes preferably are displayed, preferably
line 259 representing the principal planar oscillation
plane is heavier or otherwise differentiated from any
20 other line 260. Similarly, a plot 256, like that of
FIG. 22, is also provided to show the straightness of
~the shaft, and plot 257 showing vibration frequency (a
measure of stiffness) as a function of angular position
is also provided. 1In plot 257, circular data points
25 represent a "perfect" shaft in which the stiffness, and
. hence the frequency, is the same at all angles, while
the square data points show the frequency data for the
shaft being measured.
While the invention has been described so far
30 in terms of golf club shafts, it can be used to
determine the symmetry/asymmetry, roundness,
straightness and/or stiffness of any elongated member,
including, but not limited to, baseball bats, billiard
cues, arrows, fishing rods, or any structural member.
35 Thus it is seen that a method and apparatus
for quickly and reliably determining the preferred



When scanner 234 identifies marking 235, processor 61 instyip¢Es 0 uck 230
to. alignypmkleidegy 235 with alignnent I0 marking 233 |ocat gng}é&ﬁgﬁ er 236,
or with a predetermned orientation for golf club head 232. ck. 230 and
gripper 231 are then noved together by noving one or both thereof, and
shaft 110 is joined to golf club head 232 in an otherw se conventi onal
way, 15 using whatever adhesives, ferrules, etc. as maybe necessary. FIG
25 is ? sanp:fe o:‘ g prl?to?fttthaft may be _Sﬁrow ﬁed t;) a c;J_stoma][ ![E thﬁ o
case of a golf clu retrofit, giving varioqus_characteristics o e sha

20 and conpar i FEFHET W LERG G QE GofPlduFatPosiedti ©F afder
configuration. eliryadd initbdds,0\unde Foirnfugrif@t iter delke rinieaGREU B

regar di ng then%?\aract istaiﬁigs of .the golf l.ub, andélgl SO _provi.des a data
bank of Inf or mitifo T S5 e FEE PEAPOFEGAPH 9 BUERTEUS XY has been
25 retrofitted.asdendigghydife datbes ari¢hl eadhoutspect iveakildulcdnbar r angenent
in FIG 25, othgr r .8 s i bl I e W thin.the scope
of the i nvesﬁt %ﬁﬁmcgg%ﬁe@é?%& ygﬁlg‘fl le’%%ge%fe ?‘F iﬁgg‘te;l\%'é ggt%a r\agrsij%lyréef erably
provided in fielgpg@ce ndugderoviidede Paenskiildedi dn daea aptefdddbly is a
bar code or ot hefrdmghineH:Ra¢30l eriadhel YmERel oahewn) ,beweall%f&tg%dbe
pl aced in box 2 §’ of field 250 and whi.ch can_be used to _recall data for
the particul ar Sh&thet &Re Fhea dgscrdpsd eabpdimengechiid BartEode or
Ot?eroi‘ ndi ci ‘Umpr%@érftég?lf?lg?;ﬁ@ﬁs@sf bg la_uahtst'mht@bh. alnlﬂl mlrt_t iozul a{, WO
02/ 05077 5 FCZ' 1, t1'.Si ILf a_labells used.to apply _alignhnme

mar ki ngs t &% he 1A Oy FE¥k 5 8TE50E, lPFf&flg‘llQBellsc& F‘&%%s@“ﬂé(ar t he
indi cium The oy rheutclpriefsenaliich ifodllodges a graph 251 S showing the
results of the |l oad test discussed above. |In particular, the |oad symetry
i ndex(LSl) discussed




above is (ep@ikedy; and the normalized |oad during the Ioa}j@ﬁ%ﬂl}gﬁ(ﬂ”
correlated to stiffness in foot-pounds per inch. The results of the

"spining" or planar 10 oscillation plane |ocation nmeasurenents are shown at
252. In particular, two phase plots 253, 254 are presented to show,
respectively, the shaft vibration characteristics in the "l ogo-up"
position and in the principal planar osti3%¢ation plane as |ocated. A 15
plot 255, simlar to FIG 21, is also provided, except that while |ines
259, 260 represERT ngS afLAPYERaFS : oscil | ation planes preferably are

di spl ayed, preferably [lipe 259 hephe§esti A8té&heiRIhdCh Pete PbARAA
oscillation plane js heayier or otherw se |ffereqé| ted fromany 20 ot her
line 260. Sim |I3RIYL2L PFHER53BLOR| RE FReLbrclEp FhaBL 3ROWE SR provided to
show t he strai gidmgebisu®inal hexshatheradtl, pbaid 25dshoyd tly shdfat having
frequency (a neasure.gf sti%ffe s% as_a fq@ftionagé aqgéiar osét'on is
al so provided. ?rpfﬁ%ﬁ §%7?n i T2ul ?l%%}%gp nt <9 ?Ep eht“a° % rfect"
shaft in whith ¢l Sorfébesshmant thenceolhecliukcoenty,sasdthetade at al
angl es, while 5gmb%gg€&§fdata poi nts show the frequency data for the

shaft bei ng neasure e the invention has been described so far 30 in
terms of golf club shafts, it tBRobelizdegtad LHesleroAeof heald

symret ry/ asymmebFosci hQUNENESSnd SAi@l ANEOEESeRNMSPrsstd fdoEsScphpany
el ongated nmenber, _including, but not limted to, baseball bats, billiard
cues, arrows, f?%ﬁﬁ%g rods, or any structural nmenber. 35 Thus it is seen

that a nethoa and. apparatus {mitfatikd yvinthtety abyicletef nansegonde

e 120 W0 0% 05000 T S IELFEF SUSLFCTLIROLISENY g g grient ot o

det erm nation ofolf helypeshafedimngatrobra eptarabity cohuvbpeattahl y

~assenble gol ¢l lige i t 8y ERCI 1 RFPLELAE VR 896t FhliPangular position
about said longitudinal axis;

15 for each of said vibration planes,
measuring maximum out-of-plane displacement of said
second one of said proximal end and said distal end of
said golf club shaft;

analyzing said measured displacements;
20 and
calculating from said analyzed measured

displacements said preferred angular orientation.

2. The method of claim 1 wherein:
said first one of said proximal end and
said distal 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 to

said initiating.



provided. One skilled in the art wll -appreciate that the

i nventi onWOaHB¥ practiced by other than the described eX6SHYEAE? which
are presented for purposes of illustration and not of 10 |imtation, and
the present inventionis limted only by the clains which follow MAO

(12/ 056977 WAR)] 907 - 56 WHAT IS CLAIMED I'S: 1. A method of determning a
preferred angular orientation of a golf- dub- shaft about a | ongitudinal
axis thereof, said golf club shaft having a proximal end for gripping by a
golfer and a distal end4or athacheteindd tef acholh Tlwibetwehd, sssid d et hod

end of “sad gol TR LSttt h ary e B T O A L ong”
one of said produnlskntt ainl saddreition erboftiban dagpliekiid shbdt in

each of a pl uraidﬁ tﬂid:‘.’ﬂ Zg*pgl pl anes, each lying at a respective
angul ar position out sal ongltudlnal axis; 15 for each of said
vi brati on pl anes, neasurlng maxi num out - of - pl ane di spl acenent of said

second one of said proxinm| enthangeswdd & séBdiRnd Whersal i f club
shaft; anal yzi %ﬁal d nmeasuyed di splacenents; 20 and cal culating fromsaid

anal yzed measurdiP LD 3 HRH LSS P RFEIT red angul ar orientation. 5 2.
The nethod of claim1 mhereln.dfﬁplhéim§tsaﬁ&3dﬁstﬁﬂ(knn(ndrﬁdldﬂgbhmd

club shaft in a direction other than parallel to said

57shaft consistently aligned relative to the respective are
y g p §%@a@§5

5 longitudinal axis; and
releasing said displaced distal end.

6. The method of claim 5 wherein:
said displacing comprises attracting
said reaction mass with an electromagnet; and
.~ sald releasing comprises deactivating

5 said electromagnet.

7. The method of claim 1 wherein said
initiating comprises applying an impulse to said golf
club shaft in a direction other than parallel to said

longitudinal axis.

8. The method of claim 7 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.

9. The method of claim 1 wherein said
measuring comprises:
providing on said shaft at least two
energy reflective surfaces at angles oblique to said

5 vibration plane;



said distal end of said golf club shaft is said proxinmal ®ehdEBaig said
second onwoab/s@ird proxi mal end and said distal end of sacdugmimmmtub
shaft is said distal end. 3. The nethod of claim| further conprising
nounting a reaction nmass on said distal end prior to said initiating. WO
02/ 056977 - 57 16 FEB 2005 PCT/USO /49907 4. The met hod of claim3
wherein said initiating conprises-applyiqgaan i npul se to said golf «club
shaft in a direction other than paraIIeI' said | ongi tudinal axis. 5. The
met hod of claim4 wherein said,_, ng an_inpul se comp rlsgPs dIS | aci ng

appl
said distal end of said gol f %’r’ﬂ%gg 2 FESPF r £ET i O e’?‘ﬂa‘ﬁ par al [ el
to said |ongitesttihabf axasd fﬁ&ﬂééﬂiﬁ5|smmfaw@bdlsplaced distal end. 6. The

met hod of claimb5 wherein: sai &legé(fs,pirgioggrg%g@égrf@é @éﬂggﬁé&lgbegrgl d

reaction nmass with an el ectronagne easi ng
deacti vating mﬂl@‘é@drﬁxmgn@achmf Trel drestiotregs ol ai m 1 V\,her e| n said

initiating genprises applying éggéﬁggg tf»é@. £E”&eté%&@ﬁ$ﬂ@£ﬁs'n a

direction other_than parallel to said I nal axis. 8., The nethod of
clai m 7 wher ei riE535RCeH PPy FRLANSHFERE r?%%sgr %R a%%’ﬁ%)d sai d distal

end of said golfoc#t ibnshahtihd @amr@mwﬁbﬁyh@éti@w Padallel tosaid 5

| ongi tudi nal axis; and rel easi al d di splaced st er The net hod
of glain11 mherein sai d 5§kf%ing saf& out- o -p ane élsofgcement

from said calculated distances.

10. The method of claim 9 wherein said
respective energy beam is a beam of electromagnetic
radiation.

11. The method of claim 10 wherein said beam
is a light beam.

12. The method of claim 11 wherein said beam

is a laser beam.

13. The method of claim 9 wherein:

_ said first one of said proximal end and
said distal 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; said method further comprising:

mounting a reaction mass on said distal
end prior to said initiating; wherein:
10 said reflective surfaces are on said

reaction mass.

14. The method of claim 1 wherein:
said analyzing comprises plotting said
out-of-plane displacements as a function of angle about

said longitudinal axis; and




heasuring conprises: providing on said shaft at |east two 1 €PET 95

reflectiv taces at angles oblique to said 5 vibratio éﬁ i
02/ 0560777 O B I8 16 FEB 2005  PCI/ USO 1/ 49907 di rect i ngq’a é‘i@%”éé%?ve

energy beam at each of said reflective surfaces; detecting a respective

refl ected beam reflected fromeach of said surfaces; calculating fromsaid

detected beans distances of said surfaces fromone or nore fixed

| ocations during said vibratory notion; -af® deriving said out-of-plane

di spl acenent . from said cal cul ated di stances. 10. The nmethod of , claim?9
~wherein sai® respective ener fAHEaFAIEL LR YN GITRT R8F dilgretrielng a

radiation. 11. gdve- et hesb e & | i if rhbn VMYed 18l St it PearhedSim: | | ght beam

12. The nethod of claim1l mher%?n said beam is a Jaser beam. 13. The
met hod of claim9 wherein: sai fitStCHHE G AiTF Y SERRM €AY 2HE " sai d
di stal end of sHigblpoidmeitush ddfafries sssil brogffeaxxtatdlamnd,amand 5sai d second

one of said pnmgfgﬂtqyd and said distal end of said golf club shaft is
sai d distal end’ sald method furt her conprising: nounting a reaction nass
on said distal end prior to said initiating; wherein: 10reaction mass. said

reflective surfaces are ofy saigl JAghe dPtAL.H: IR B ahaneidss SaEd

anal yzing conprises plotting said out-of-plane displfacenents as_a function

of angl e about 2 golf club shaft, said shaft having a handle end and
having a tip end for mating to a club head, said method
comprising:

5 immobilizing said handle end of said
golf club shaft and defining a longitudinal axis
passing through said handle end and extending
perpendicularly with respect to a plane perpendicular
to said handle end;

10 determining a spring constant of said
golf club shaft in a transverse bending mode; and
for each of a plurality of angles about
said longitudinal axis:
displacing said tip end of said shaft
15 transversely to, and by a predetermined distance from,
said longitudinal axis,
measuring a restoring force during said
displacing,
determining a difference between said
20 measured restoring force during said displacing and an
expected restoring force based on said predetermined
distance and said spring constant, and
deriving from said difference and said
spring constant a deviation of said tip end from said
25 longitudinal axis at said angle.

16. The method of claim 15 further
comprising plotting said deviations at said plurality
of angles, thereby providing a visual representation of
said straightness of said shaft.



sai d | ongi tudi nal axis; and 16 FEB 2005 WO 02/ 056977 PCTI8JSER 2009907 59

sai d cal ct‘ﬂoa'bﬁhgfﬂéorrprl ses determining a pair of opposed PETAISHH$907

di spl acenents; wherein: a line connecting said opposed m ni mum

di spl acenents defines said preferred angular orientation. 15. A nethod of
determ ning straightness of a golf club shaft, said shaft having a handle
end and having a tip end for mating to .a g ub head, said nethod
conprising: 5 immbilizing said handle end of said golf club shaft and
defining a longitudinal axis passing through said handl e end and extendi ng

perpendicularly with respect tq a plane. perp ndJc to sai d handl e end;
10 deternining a spring dBﬁst € eihﬂ%io 3%?§H5FE*9159* ansver se
Pend!?gdnodf ai&téiﬁlnfngysﬁldisﬂfﬁngid?ﬁfﬁannuﬁzTigﬂgnﬂ sa;d I
ongi tudi nal axis i spl aci ng erse y
to, and by a predeterm ned di sﬁgincea'#ﬁloi] sal ongl tuadl ]ﬁ%a‘{?gﬁy
measuring a resia¥d rtg?&rtﬁ\(mfsmrbaTgils“&i duafisspl aci ng, determining a

difference bgtween said 20 n&@e?é,g‘mr[§sgﬁ¢d&élprcp§ Shird Rg sk i spl aci ng
and an expected restoring force based 'on said predeterm ned di stance and

said spring corftdint, and deri vi ng fromsaid difference and said spring
constant a deviation of said tdgxnchd remeadpglinp doangdndi fadm ad &g at
said angle. 16._The nethod of claim15 further conprising plotting said
devi ations at sditl WPitfatity of angles, thereby providing a visual
representation of said straightness of said shaft.

18. The method of claim 15 wherein said
determining said spring constant comprises:
initiating vibration of said shaft in
said transverse bending mode; ‘
5 measuring frequency of said vibration;
~and
deriving said spring constant from said

frequency.

19. A method of determining straightness of
a golf club shaft, said shaft having a handle end and
having a tip end for mating to a club head, said method
comprising: | _

5 immobilizing said handle end of said
golf club shaft and defining a longitudinal axis
passing through said handle end and extending
perpendicularly with respect to a plane perpendicular

- to said handle end; and

10 for each of a plurality of angles about

said longitudinal axis:

initially displacing said tip end of
said shaft transversely to, and by a first
predetermined distance from, said longitudinal axis,

15 measuring a first restoring force during

said initial displacing,




W)OZ/O 6977 17. The nmethod of claim 16 wherein said detefgrppngssaid

Spring cofgf@kee@nprises: initiating vibration of said Shﬁﬁﬁuiﬁhmﬁ?'d
transverse bendi ng node; neasuring frequency of said vibration; -

and frequency. 16 FEB 2005 PCT/ USO /49907 deriving said spring constant
fromsaid 18. The nmethod of claim 15 wherein said determning said spring
constant conprises: initiating vibration of said shaft in said transverse
bendi ng node; neasuring frequency of said & bration; and frequency.
deriving said spring constant fromsaid 19. A net hod of determi ni ng

strai ghtness of a golf club stibsequentlyhdisplreing swidridie erdl ahd

having a tip end, {rsumbtd N4 Fefhdh, Nad, o 5@i gl nethadngonpri si ng:
i mobi |i zing said handl e end of said %klf clup_shaft, and, defining a

| ongi tudi nal ax®%IYRETHREL HBHG i %n&@%n@%@%%lﬁélﬁo 15
perpendiculagly wit h respect trﬁ)eaastpifr@ Pesediid ctd forimy sirkbdandl e end,
and for each of ,a plurali f qﬂg éﬁ said |lo gltudinal axi s:
initially di spl&&FHE 3 é#%ﬁ] ] t?%isversely to, and by a
first predeterm ned distance fdemavrngxiﬁxﬂmnsamﬂrﬁmrsbdand second

restoring forces and said first and second

predetermined distances, a deviation of said tip end

25 from said longitudinal axis at said angle.

20. The method of claim 19 further
comprising plotting said deviations at said plurality
of angles, thereby providing a visual representation of
said straightness of said shaft.

21. 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 club head, said method
comprising:

immobilizing a first one of said

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

10 initiating vibratory motion, in a plane,
of a second one of said proximal end and said distal
end of said golf club shaft;

measuring said vibratory motion by:
providing on said shaft at least two

15 energy reflective surfaces at angles oblique to said
plane, '

directing a respective energy beam at
each of said reflective surfaces,
detecting a respective reflected beam
20 reflected from each of said surfaces,



neasuring a first restoring force during said initial displfaging WO

02/ 056977W0 @156916 FEB 2005 PCT/ USQ /49907 subsequent |y d&plsiaipgisai d
tip end of said shaft transversely to, and by a second predeterm ned

di stance from said |ongitudinal axis, 20 measuring a second restoring
force during said subsequent displacing, and deriving, fromsaid first and
second restoring forces and said first ang,bsecond predeterm ned

di stances, a deviation of said tip end 25 from said |ongitudinal axis at

said angle. 20. The nethod of Eé@bﬁl&@lﬁé‘ri’?@ﬁ s8eaPEELeLRYBl BbhiiBY said
deviations at sajd plurality of angles, thereby providing a,vi sual

representation @%StéﬁFﬂss?FaF@h@n%%Ef%Fe§aﬁH°§h8FF 031 MORENELKEE of

determ ning a p1e¢&Eisds @@gyh@rs@iaeﬁiaia@@r f mat@ehf ahab shaft about a
| ongi tudi nal axis thereof, sai end for

g b shatft ha |n9 OF EE
gripping by a golfer and a di st% lv%ﬂ% b?p PEEER tﬁaé goPRLEl 65 CRead,

sai d nmet hod2s5cospidiscagculatedobistanogsa first one of sald proxi mal end

and said distal end of said goé%af%EPn SQQ{% mégshgg g%éggﬁékgratory

notion, in a plane, of a secon sal rOX|na aid dista
end of said goImOQigb,sﬁadt measuring said V|bratory notion by: providing

on said shaft at least two 15-gnehgytigE! 6bhVEasHr bASESzEH @EBE3E099|'QU9
to said plane, directing_a res ective energy beamat , each of said

reflective surf@%%éondéﬁéétPﬁ@ %rF%Qp%EQP%%rr%FP@EF@Hlﬁéan1

22. The method of claim 21 wherein said
respective energy beam is a beam of electromagnetic

radiation.

23. The method of claim 22 wherein said beam
is a light beam.

24. The method of claim 23 wherein said beam

is a laser beam.

25. The method of claim 21 wherein:
said first one of said proximal end and
said distal end of said golf club shaft is said
proximal end; and
5 said second one of saild proximal end and
said distal end of said golf club shaft is said distal
end; said method further comprising:
' mounting a reaction mass on said distal
end prior to said initiating; wherein:
10 said reflective surfaces are on said

reaction mass.

26. 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



20 reflected fromeach of said surfaces, WO 02/0-56977 - 6¥EF¥§2 B 2005
PCTf USO1/ 499 80sgé4;cul ating from sai d detected beams di st el oad d
surfaces fromone or nore fixed Ilocations during said vibratory notion,
and deriving displacenment of said shaft from 25 said cal cul ated di stances;
anal yzing said neasured vibratory notion; and calculating fromsaid

anal yzed vibratory notion said preferred angular orientation. 22. The

met hod of claim 21 wherein said respectfv@3energy beamis a beam of

el ectromagnetic radiation. 23. The nethod of _claim 22 wherein said beam
is a light beanfngafornhathacheants tel & dP25 GhebPePRadai g2peaRftieda | aser
beam 25. The netbpgrofkiglai m 21 wherein: said first ' one of said proxinal

end and said distal end of said o%f cl ub shaté is said proginﬁl end; and
5sai d second one of said proxi MAFCBhUTaMETsERISIPEPEFM8HaSBE Q&) 82381 f cl ub

shaft is said dygsiLél cknd; skaftl; met hod further conprising: nounting a

reaction mass on said distal e k 0 Ld.initi i : r ek n;
" 10reacti on mass. sai d ref[ectiv@ggﬁé¥§éeé 5§§hgﬁb§a%é§%68g ﬁ%?ﬁogigFal
det er m ni ngla peeflepEcdaadgabhf otibnshafbn of a golf club shaft about a

| ongi tudinal axis ther eof, “sai dngehbecehybyshaktoBavhagiod PLaxkrBlaged for
gripping by a golfer and a distal W) 0:7056977 - _63 16 FEB 2005
‘ of said distal end of said golf club shaft, by:
displacing said distal end of said golf
club shaft by attracting said reaction mass with an
15 electromagnet, and
deactivating said electromagnet;
measuring said vibratory motion;
analyzing said measured vibratory
motion; and
20 ~calculating from said analyzed vibratory

motion said preferred angular orientation.

27. 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:
means for immobilizing a first one of

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

10 means for initiating vibratory motion of
a second one of said proximal end and said distal end
of said golf club shaft in each of a plurality of
vibration planes, each lying at a respective angular
position about said longitudinal axis;

15 means for measuring, for each of said
vibration planes, maximum out-of-plane displacement of
said second one of said proximal end and said distal
end of said golf club shaft;



PCT/ USQL/ - 19907 end for attachnent to a golf club head, said netaﬁf
conprising: imobilizing said proximl end of said golf clldoth ;
mount i ng VPEHIPHh mass on said distal 10 end of said goPETHISAL+9hAft ;
initiating vibratory notion, in.a plane, of said distal end of said golf
club shaft, by: displacing said distal end of said golf club shaft by
attracting said reaction mass with an 15 el ectromagnet, and deactivating
sai d el ectromagnet; nmeasuring said vibrategyy-notion; analyzing said
measured vi bratory notion; and 20 calculating fromsaid anal yzed vi bratory

notion said preferred angul ar ofd 8 atdOnA4z MNP H A dSmd sy erm ning a
preferred angular orientation of_a golf club shaft about a |ongitudinal

axi s thereof2? sé}l&%qer%ﬁrifbsisﬁé?q having a proxinmal end for gripping by a
gol fer and a distal end for atieagigrefdr taxlrgeltfinet uhrdeash id aimh ypad at us
conprising: neans for_ i biljzin first,one of _said proximl end and
said distal end W%%%p]ﬁﬁge%ﬁ%ml@ﬁ%éﬁﬁr%gra%ﬁf Fating vibratory
noti on of a seconcmireiain.said proxi mal end and said distal end of said
golf club shaft in each of a plurality of vibration planes, each |lying at

a respective angular position about said |ongitudipnal axis; 15 nmeans for
measuring, for each of saiZf- viBratdrprgatdifeLE mbdim buthereigtane

di spl acenent of said second ongy i Sphdgt PXigwlsLnd Fd i stahg end
of said golf cl usbaisdh%fj:[sitall6 eﬁl OZPOSSaiAA%O%.ZtI %51% 77shp t'{ lJJ!.SSO é;ig 07
proximal end; and
5 said second one of said proximal end and
said distal end of said golf club shaft is said distal

and.

29. The apparatus of claim 27 further
comprising reaction means for mounting on said distal
end.

30. The apparatus of claim 29 wherein said
means for initiating comprises means for applying an
impulse to said golf club shaft in a direction other
than parallel to said longitudinal axis.

31. The apparatus of claim 30 wherein said
means for applying an impulse comprises:
means for displacing said distal end of
said golf club shaft in a direction other than parallel
5 to said longitudinal axis; and
means for releasing said displaced
distal end.

32. The apparatus of claim 31 wherein:
said means for displacing comprises an
electromagnet for attracting said reaction mass; and
said means for releasing comprises means

for deactivating said electromagnet.

[5;]



- 64 neans for analyzing said nmeasured 20 displacenents ’pﬁgqﬁﬁﬁs for
cal cul atin fronlsald anal yzed neasured displacenents sai f

angul ar 38? 7on. 28. The apparatus of clai m27 wherei FEVEEIEr st one
of said prOX|naI end and said distal end of said golf club shaft is said
proxi mal end; and 5 said distal end of said golf club shaft is said distal
end. said second one of said proximal end and 29. The apparatus of claim 27
further conprising reaction neans for nmoug$i+fg on said distal end. 30.
The apparatus of claim29 wherein said neans for initiating conprises
means for applying an inpulse to said golf club shaft in a direction ot her

than parallel to said Ionggtudbﬂgl 8?5§aF§% ogh81§98859tﬂﬁe9£ égh30

wherein said means for applying an i spl aci ng-
sai-d distal endmefnssépd gnLtl@tubgsﬁamprLﬁea @ﬁa@%tf@n @Ppbylnﬁaﬁnparallel

5 to said |ongi {ygihnak 8y §a1§n§'oﬁ§38§uﬁoéh£§£e§§'di§§é9t§b§pbéﬁ€9 di stal
end. 32. The apEaratus of _claim3l wherein: _said nmeans for displacing

conprises an el EPFoﬁﬁﬁﬁ%%e%oFOa???éc??ﬂ%lggﬁﬂn?%a%¥%%n mass; and said
means for releasing conprises neans for deactivating said electronagnet

VD 02/ 056977 - 65 16 FEB, 2005, PCLUSCL| 49907 33, The, aggarat s gf oc1 & m

means for applying an impulse comprises:
-means for displacing said distal end of
said golf club shaft in a direction other than parallel
5 to said longitudinal axis; and
' means for releasing said displaced
distal end.

35. The apparatus of claim 27 wherein said

means for measuring comprises:

at least two energy reflective surfaces
on said shaft at angles oblique to said vibration

5 plane;

means for directing a respective energy
beam at each of said reflective surfaces;

means for detecting a respective
reflected beam reflected from each of said surfaces;

10 means for calculating from said detected
beams distances of said surfaces from one or more fixed
locations during said vibratory motion; and

means for deriving said out-of-plane
displacement from said calculated distancés.

36. The apparatus of claim 35 wherein said
respective energy beam is a beam of electromagnetic

radiation.

37. The apparatus of claim 36 wherein said

beam is a light beam.



means for initiating conprises neans for applying an inpul 4¢ Ef® Ze§d d gol f
cl ub_shaf tyépgesli ection other than parallel to said | ongirtNdhfpbyRXiS.
34. The apparatus of claim 33 wherein said neans for applying an inpul se
conprises: means for displacing said distal end of said golf club shaft
a direction other than parallel to said |ongitudinal axis; and neans for
rel easi ng said displaced distal end. 35. The apparatus of claim 27 wherei
measuring conprises: at Fef§t-two energy reflective
surfaces on said shaft at angles oblique to said vibration plane; nmeans
for directing a respectivé8eneflp apPaFrilisefEh CdRiBapd wWapredn yald

said neans for

surfaces; neanspbafm det actbBarape@spective

each of said surfaces; 10 neans for calculating fromsaid detected beans
di stances of said surfaces fromone or nore fixed |ocations during said
vi bratory notion;

fromsaid cal cul ated di stances. 3 .fThe aggara%us of clain132 wggrei sai
&rF&&t ne

respective ener

and neaps.forhdeapphrgtasi 8 fogladtn psawBerdiapl acement

gy beamis a be&M* ﬁaﬁ effdd PASFATT 7% he

in

n

refl ected beamreflected from

d

appar at us of cl aaid36isheleiendsaifdsabdagoils &llbglshalicams WOi62/ 056977 - 66
16 FEB 2005 PCE%Q§§%@ 93%%-3§ndThe apparatus of claim 37 wherein said
. TH

beamis a | aser
of said proxPma

10

10

eam 9

said distal end of said golf club shaft is said distal
end; said apparatus further comprising:
' a reaction mass for mounting on said
distal end; wherein:

said reflective surfaces are on said

reaction mass.

40. The apparatus of claim 27 wherein:

said means for analyzing comprises means
for plotting said out-of-plane displacements as a
function of angle about said longitudinal axis; and

said means for calculating comprises
means for determining a pair of opposed minimum
displacements; wherein:

a line connecting said opposed minimum
displacements defines said preferred angular

orientation.

41. Apparatus for determining straightness
of a golf club shaft, said shaft having a handle end
and having a tip end for mating to a club head, said
apparatus comprising:

means for immobilizing said handle end
of said golf club shaft and defining a longitudinal
axis passing through said handle end and extending
perpendicularly with respect to a plane perpendicular
to said handle end;

e apparatus of claim 35 wherein: said first one
| end and sai dseéiist gecend enesaifdsgépf perebmgharndi andai d



proxinal end; and 5said second one of said proximal end and said distal end

of said gQld ofdgdshaft is said distal-end; said apparatusg &#ﬁg07
conprising: a reaction nmass for nounting on said distal end; ereéin:

10reaction nmass.said reflective surfaces are on said 40. The apparatus of
claim 27 wherein: said nmeans for anal yzing conprises neans for plotting
sai d out-of -plane displacenents as a function of angle about said

| ongi tudinal axis; and 5 said means for caféutating conprises nmeans for
determning a pair of opposed m ninum displacenents; wherein: a line
connecting &8i d opposed nininumﬁaﬁﬁsﬁpéc@ﬁgﬁF§lﬂéﬂﬂnésS§§F69p?§PéFﬁ§G

angul ar 10 orieggathen. ﬁél@lclﬁ\_@péhétﬁsiﬁoé gdebasersagnehaahghfsass of a
golf club shaft, said shaft having a handle end and having atip end for

mating to a cluB®fead, said apparatus conprising: means for inmobilizing
sai d handle end of saidgolf chehnshébk, afdrdetichi od a pangelidinaf axis

passi ng through sa&d haBdI end ag%nﬁéﬁgagkng a\%(;rpendicularly W th respect
n .

to a pl ane perp%ﬁalgﬁlgrou osgégd e end; 62/ 056977 - 67 10 15

AWMO) Jo7 negans for determni ni ngiapdpring sahdt tap eofl ofi dagdl shaftb shaft
i n a transversecbendiBgoungero andaTeans bREacteintAch aksBaRblr gbbhy of
angl es about said,longitudinal axis:; displacing said tip end of sald shaft
sald longitudinal axis,
measuring a restoring force during said
displacing,

20 determining a difference between said
measured restoring force during said displacing and an
expected restoring force based on said predetermined
distance and said spring constant, and

deriving from said difference and said
25 spring constant a deviation of said tip end from said

longitudinal axis at said angle.

42. The apparatus of claim 41 further
comprising means for plotting said deviations at said
plurality of angles, thereby providing a visual

representation of said straightness of said shaft.

43. The apparatus of claim 42 wherein said
means for determining said spring constant comprises:
means for initiating vibration of said
shaft in said transverse bending mode;
5 means for measuring frequency of said
vibration; and ‘
means for deriving said spring constant

from said frequency.

44. The apparatus of claim 41 wherein said
means for determining said spring constant comprises:
means for initiating vibration of said

shaft in said transverse bending mode;



transversely to, and by a predeterm ned distance from said | ongitudi nal
axi s, nmea I restoring force during said displacing, m ning a
di fferenc g?@%gﬁ sai d neasured restoring force during sarggﬁgﬁgggying and
an expected restoring force based on said predeterm ned distance and said
spring constant, and deriving fromsaid difference and said 25 spring
constant a deviation of said tip end fromsaid |ongitudinal axis at said
angle. 42. The apparatus of claim41l furth& -conprising means for plotting
said deviations at said plurality of angles, thereby providing a visual
representati®n of said strai ghteass 6brsmeasghahg. f18quFheyapfasatids of
claim42 “hereiQiﬁfégioHE?Qﬁdfor determ ning said spring constant

conprises: means for initiating vibration of said shaft in said transverse
bendi ng node; neans for neasur PRAGNEr EQicheylvingaraidyvEBraRfofonaRatreans

for deriving safgompshing eeaghanty.fromsaid frequency. 44. The apparatus
of claim4l wherein said neans for determ ning said spring constant

conprises: means for initiating vibration of said shaft in said transverse
bendi ng node; WO 02/ 0569775P1Taba pdtuROfcbBietBansning BEBsSGhBgekBEqUENCY

requency. 45 Fppararhb FORLGePRf i P oYt int GhEnELes oy nangber By o
shaft, sai d shaind haevhggaahbohdl enénflor anatt hagi hg a ¢clpbehdadorsaiding to a
club head, said, gPPAFALUSoRPFPELL D"

5 ‘means for immobilizing said handle end
of said golf club shaft and defining a longitudinal
axis passing through said handle end and extending
perpendicularly with respect to a-'plane perpendicular
tc said handle end; and

10 means for, for each of a plurality of
angles about said longitudinal axis:
initially displacing said tip end of
said shaft transversely to, and by a first
predetermined distance from, said longitudinal axis,
15 measuring a first restoring force during
said initial displacing,
subsequently displacing said tip end of
said shaft transversely to, and by a second
predetermined distance from, said longitudinal axis,
20 measuring a second restoring force
during said subsequent displacing, and
deriving, from said first and second
restoring forces and said first and second
predetermined distances, a deviation of said tip end
25 from said longitudinal axis at said angle.

46. The apparatus of claim 45 further
comprising means for plotting said deviations at said
plurality of angles, thereby providing a visual
representation of said straightness of said shaft.



5V'neans for immbilizing said handle end of said golf club ?Eﬁalga”d

defi ni ng j tudi nal axis passing through said handle eh xtendlng
perpendicSYéﬁpgg%#th respect to a-pl ane perpendi cul ar E% TESHAAN e end:;

and 10 nmeans for, for each of a plurality of angles about sai d

| ongi tudinal axis: initially displacing said tip end of said shaft
transversely to, and by a first predeterm ned distance from said

| ongi tudi nal axis, 15 neasuring a first festoring force during said
initial displacing, subsequently displacing said tip end of said shaft
transversely to and by a4%ecohdpapatust Eomi detletinghangeaf pomtesaied

Longi L udi nal XL 34,20 TBas Upk 80: 8168000GLES! 81 LBIShOEECapEUEl 90 Sl d

subsequent di spla errvin sal and secan restoring
forces and saldlﬁngstudhda%eééha tbﬁé@@ﬁerﬁﬁh@dgélﬁtﬁh@bsShéféehaﬁﬂpgn of

said tin end 25afﬁ98k§ﬁhﬂ éHHgféHd§9§bp§ﬁg5b§tasébﬂféﬂgbﬁd §6d1¥E§1
apparatus of claim4b f HEFISIn means ott|ng sa
a

devi ati ons aP SEPQ fBFuFEFPFQmﬁFt gl 8sIOLheFehp B?%@rd?ﬁb aappéﬁéFus
representati on ebmpaigiagtai ghtness of said shaft. 16 FEB 2005 WO

02/ 056977 PCT/ USO /49907 - 69 m10 15.47. Aﬁggrgtus for ge%e nlnlng
preferred angular orientation of 8 Q8Ffl@ *shatt9abott *8 Pgﬁg Fudlnal
axi s thereof, saaddgpkbxéinab shdf anflasang daspadxendl o€ndafidr ggiifppilng by a
gol fer and a digﬁg%t end for attachnent to a golf club head, said apparatus
conprising: means tfof immobilizing a first one of said Eroxinal_end and
sai d dlstallénd of said golf chadns for initiating vibratory motion

in a plane, of a second one of said proximal end and
said distal end of said golf club shaft;

means for measuring said vibratory
motion by:

15 providing on said shaft at least two
energy reflective surfaces at angles oblique to said
plane,

directing a respective energy beam at
each of said reflective surfaces,

20 ’ detecting a respective reflected beam
reflected from each of said surfaces,

calculating from said detected beams
distances of said surfaces from one or more fixed
locations during said vibratory motion, and '

25 deriving displacement of said shaft from
said calculated distances;

means for analyzing sald measured
vibratory motion; and
means for calculating from said analyzed
30 vibratory motion said preferred angular orientation.
.
48. The apparatus of claim 47 wherein said
respective energy beam 1s a beam of electromagnetic

radiation.




shaft; neans for initiating vibratory notion, in a plane, 1gffFg ggrond one
t

of said pryigRkissnNd and said distal end of said golf clu £ 1, .oneans
for measuring said vibratory notion by: providing on said gﬁiﬂgogfmpéast

two energy reflective surfaces at angles oblique to said plane, directing
a respective energy beamat each of said reflective surfaces, 20 detecting
a respective reflected beam reflected fromeach of said surfaces,
calculating fromsaid detected beans distdfces of said surfaces from one
or nore fixed locations during said vibratory notion, and 25 deriving

di spl acement of said shaf #5f.r ofhesappagaltes stfedlailat fcade nedans afigh

anal yzing sai d meagurgds YiBiat @yyotion; and nmeans for cal culating from
said analyzed 30 vibratory™notion said preferred angular orientation. 48.

The apparatus of claim47 wherein said respective energy beamis a beam of

el ectronmagnetic radiati oso WOTB2/ @p8A7At1e € EEBiZ0QY RGENIQ I/xi4P907 -
70 49. The apparatus of c¢laim48 erein said beamis a |light beam 50.
The apparatus o e@WaFﬁ1&9&ﬁﬁ§FePﬁa§hid beamis a |l aser beam 51. The
apparatus of claim47 wherein: said first one of said proxinml end and

said distal end of said gahf clyl shatt §58dc1R4xPRlmIL: ANd

: | said first one of said proximal end and
said distal 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; said apparatus further comprising:
a reaction mass for mounting on said

distal end; wherein:

10 said reflective surfaces are on said

reaction mass.

52. 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 goif,club head, said apparatus
comprising:
means for immobilizing said proximal end
of said golf club shaft;
a reaction mass for mounting on said
10 distal end of said golf club shaft;
means for initiating vibratory motion,
in a plane, of said distal end of said golf club shaft,
by:
displacing said distal end of said golf
15 club shaft by attracting said reaction mass with an
electromagnet, and
deactivating said electromagnet;

measuring said vibratory motion;



R

sai d second one of said proxi mal end and said distal end of  $88 d00gol f cl ub

shaft is ﬁ@%ﬁ?&%%%al end; said apparatus further conprisi €$y§né§§ction

mass for on said distal end; wherein: said refle rtaces
are on said reaction nass. 52. Apparatus for determning a preferred
angul ar orientation of a golf club shaft about a |ongitudinal axis
thereof, said golf club shaft having a proximal end for gripping by a
golfer and a distal 5 end for attachnent-teia-golf club head, said
apparatus conprising: neans for immobilizing said proximal end of said
golf club shaft; a reaction nmaasallgrzimguskiikdg meassaied vidrditstryd end of
said golf club shaft; nmeans for initiating vibratory nmotion, in a plane,
of said disf& gﬁ%l ‘sai'd golf club shaft, by: displacing said distal end
of said golf 15 club shaft bycaflcndeting $aioth seddt roalywssl wibhadory

Vi br at ory ot | ot 16 B D065 S 0B 60 GER I T PeTT RS EF 45507 - 71 anal yzi ng
sai d neasured vibratory 20 notion; and cal culating from said anal yzed

vibratory notion said prekerradnranguhar Fehi eRkati@ningda ARREAES fOr
determning a preferred angular orientation of a golf club shaft about a

| ongi t udi nal axP8IHereriedsrdigs PicPuBCdhartWRaPiadt #9916xAml end for
gripping by a gabheritagdnaldiaxial therdofor satidaghrEnt1u® ahgdhl nekubghead,

said apparatus aC% ogi%gqgénd 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;

10 _ 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 each of
a plurality of vibration planes, each lying at a
respective angular position about said longitudinal

15 axis;

. at least one sensor for, for each of
said vibration planes, measuring maximum out-of-plane
displacement of said second one of said proximal end
and said distal end of said golf club shaft;

20 an analyzer for analyzing said measured
displacements; and ‘

a processor for calculating from said
analyzed measured displacements said preferred angular
orientation. B

54.  The apparatus of claim 53 wherein:
said first one of said proximal end and
- sald distal end of said golf club shaft is said

proximal end; and



a clanmp for immbilizing a first one of said proximl end fﬁ? fg@? di st al
end of said golf club shaft; 10 a vibration generator for @ ng

vi br at or y WOPV6WGf a second one of said proxinmal end andPSHU&4%%7al end
of said golf club shaft in each of a plurality of vibration planes, each
lying at a respective angul ar position about said |ongitudinal 15 axis; at
| east one sensor for, for each of said vibration planes, neasuring nmaxi num
~out-of-plane displacenent of said second gpe_of said proxinmal end and
said distal end of said golf club shaft; 20 an analyzer for analyzing said

measured digpl acements; and agspracessehdf BheCalrChatl peokiaENSand and
anal yzed nmeasured  di spl acenents said, preferred an U|%£ QrientatiqQn. 54. The

appar atus of cl 8RAf531fkaterRd 84 §2fFr §PLonELlyP SHAG prSxSAar 8Adtand
said distal endegf.said golf club shaft is said proximl end; and WO

02/ 056977 - 72 5 16 FEB 2005 PCT/USQO /49907 said second one of said
proxi mal end and said distal end of said golf club shaft is said distal
end.. 55. The apparat us of 56l.ai *he3appatrhens ofnplasmng3afnedbeiron mass for

nounting on sai .__end . The a u im5 enel aid
vi bration generg?gk %%%F?eg gﬁggﬁﬁ§psgg?§ gg%dESQFthglgb gﬁ?@taﬁﬁeﬁi
direction otherenlan parallel to said |longitudinal axis. 57. Theapparatus

of claimb56 wherein said

56. The apparatus of claim 55 wherein said
vibration generator applies an impulse to said golf
club shaft in a direction other than parallel to said

longitudinal axis.

57. The apparatus of claim 56 wherein said
vibration generator comprises an actuator for:
: 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.

58. The apparatus of claim 57 wherein said
actuator:
attracts said reaction mass with an
electromagnet; and
5 releasing said reaction mass by
deactivating said electromagnet.

59. The apparatus of claim 53 wherein said
vibration generator applies an impulse to said golf
club shaft in a direction other than parallel to said

longitudinal axis.

60.  The apparatus of claim 59 wherein said

vibration generator comprises an actuator for:



vi brati on gener at or conprises an actuator for: displacing sdibdFth @Rl end
of said gdY® 2% shaft in a direction other than paral | ePCHESHAPHT 5

| ongi tudi nal axis; and rel easing said displaced distal end. 58. The
appar at us of claim57 wherein said actuator: attracts said reaction nass
with an electromagnet; and S rel easing said reaction mass by deactivating
said el ectromagnet. 59. The apparatus of _chaim 53 wherein said vibration
generator applies an inpulse to said golf club shaft in a direction other

than parallel to said longitudiaahaaxhg s§9a &hecaprapat B% 9&191' bMES9
wherein said vibration. generator conprises an actuator _for: 2/056977

- 73 16 FEB 200%upcshpftsan paddyeclispl akhay Shra a%%ﬂe(}na%fsaééi d gol f

club shaft in alghggehagﬁaqtagﬁsthaﬁdparalIeI to said Iongltudlnal axi s;
and rel easing said displaced di

S end. 61. r.atus. o im53
wherein said sensor neasuring Sgﬁﬁﬁﬁggssaé %éﬁg?gg éﬁ@F@g FEflective

surfaces nounted on said shaft at angles oblique to said 5 vibration

pl ane; a respective beam generator _for irectin respegtive_ener beam
at each of said reflectigg'su %chg?a§agggp8%tfv3§ﬁeg cwg?r?ﬁndg?égt a 10
respective refl eehedrbmessnefingctedpiierseach of said surfaces; and a

processor for calculating fromygahd, HetgGt g9 EhSLARGESsRL ALY
surfaces from one or
mounted on said shaft at angles obligue to said

5 vibration plane;

a respective beam generator for
directing a respective<energy beam at each of said
reflective surfaces; o '

a respective detector to detect a

10 respective reflected beam reflected from each of said
surfaces; and o

' a processor for calculating from said
detected beams distances of said surfaces from one or
more fixed locations during said vibratory motion, and

15 for deriving said out-of-plane displacement from said

calculated distances.

62. The apparatus of claim 61 wherein said
respective energy beam is a beam of electromagnetic

radiation.

63. The apparatus of claim 62 wherein said
beam is a light beam.

64. The apparatus of claim 63 wherein said
beam is a laser beam.

65. The apparatus of claim €1 wherein:
said first one of said proximal end and
said distal end of said golf club shaft is said
proximal end; and



nmore fixed locations during said vibratory notion, and 15. T®FEB@I5Vi ng
sai d out - ovopbane7di spl acenent from sai-d cal cul ated di st apegaisopdyopdhe
apparatus of claim6l wherein said respective energy beamis a beam of

el ectromagnetic radiation. 63. The apparatus of claim62 wherein said
beamis a light beam 64. The apparatus of claim®63 wherein said beamis a
| aser beam 65. The apparatus of claim6l wherein: said first one of said
proxi mal end and said distal. end of saru'ﬁhrT club shaft is said

proxi mal end;_and WO 02/056977 - 74 16 rng 2005f PCT(%USO/AQ?QJ]g? 5 saig
second one of° sai d proxi mal endfH SICARE A AT S DPRFHYI $23| b

shaft is said distiadl diennd]l said appagiad wpoffirdingy sronfy iiss ngaidch desical on
mass for nountin cfn sai di st al qu'iéggrein' 10.said reflective surfaces
are on said redttiiorr ThisSPREE AR RS JHF 139 53 wherein:  said
anal yzer plots said out-of-plare thapl aremags s andunicingomfsangl e about

said |ongitudi nalgaxi sspandaaald processor determnes a pair of opposed
m ni rum di spl acenents; Wher el n: a |1ne connecting said opposed mini mum

di spl acenent™® defines said prefsk®dsiifatdve FUERIRT e 69 Fpbar at us
for determ ning dd-HiHH g5, of a golf club shaft, said shaft having a
handl e end and having a tip end for mating to a club head, said apparatus

conpri si ng:
66. The apparatus of claim 53 wherein:

said analyzer plots said out-of-plane
displacements as a function of angle about said
longitudinal axis; and
5 saild processor determines a pair of
opposed minimum displacements; wherein:
a line connecting said opposed minimum
- displacements defines said preferred angular

orientation.

67. Apparatus for determining straightness
of a golf club shaft, said shaft having a handle end
and having a tip end for mating to a club head, said
apparatus comprising:

5 a clamp for immobilizing said handle end
of said golf club shaft and defining a longitudinal
axls passing through said handle end and extending
perpendicularly with respect to a plane perpendicular
to said handle end;

10 an analyzer to determine a spring
constant of said golf club shaft in a transverse
bending mode; and

a deviation calculator for, for each of
a plurality of angles about said longitudinal axis:

15 displacing said tip end of said shaft
transversely to, and by a predetermined distance £from,
salid longitudinal axis,



5 a clanp for imobilizing said handle end of said golf clupFEhage and

defini ng d @g@séxdi nal axi s passing through said handl e ghdyandesnt endi ng
perpendicularly with respect to a plane perpendicular to said handle end;

10 an anal yzer to determne a spring constant of said golf club shaft in a
transverse bending node; and a deviation calculator for, for each of a
plurality of angles about said |ongitudinal axis: is dlspIaC|ng said tip
end of said shaft transversely to, and by7@a predeterm ned di stance from
sai d | ongitudinal axis, WO 02/056977.16 FEB 2005, PCT/USO /49907 - 17

measuring a restoring force duPPR§USARE & SPFLEFARY I95C8eLHrAPHi Agl

di fference betwaespsacdngpasured restoring force during said displacing and

an expecteggrestorlng force ba?gd on_sa rm.n di stance ;,and said
nt

epring cons o Ser Do PARER RIS A PaE L BLALE he i RE BG4

constant a devi measnrefl sasdoripgeﬁdrteodusang shmdgdnapiaahngxasdaansald

oot o e ERBBEELHCr Lo LR BZ-LUT HOEEa SOTRLLS! BO-RoRLOKI Ll 0 Pl ot

sai d devi ati ons ura roviding a visua
representation diSEandesandlgh@ﬂegﬁréﬂgsapaS§hatt aBQ The appar at us of

claim 68 wherein said spring 889§%§H? QBQEY§§EdCQﬁPEb%@ﬁceaaﬁﬂbéQEHO”
generator for initiating vibratign in,said_transverse

bending 5 %ﬁdeSPélFQeagﬁﬁEﬁnEoﬁn@@VlPEF°ﬁea§u??h@ tipeghenEyoBr saafd
vi bration; and aocpgocedsanlfaxideatvisagdsangiepri ng

68. The apparatus of claim 67 further
comprising a plotter to plot said deviations at said
plurality of angles, thereby providing a visual

representation of said straightness of said shaft.

69. The apparatus of claim 68 wherein said

spring constant analyzer comprises:

a vibration generator for initiating
vibration of said shaft in said transverse bending

5 mode;
_ a frequency counter for measuring

frequency of said vibration; and

a processor for deriving said spring
constant from said freguency. '

70. The apparatus of claim 67 wherein said

spring constant analyzer comprises:

a vibration generator for initiating
vibration of said shaft in said transverse bending

5 mode;

a frequency counter for measuring
frequency of said vibration; and

a processor for deriving said spring

constant from said frequency.



constant fromsaid frequency. 70_ The apparatus of clai m 67 1whEiBe?(05 sai d
spring congéant_analyzer conprises: a vibration generator for initiating
vi brati on Y09 %44 shaft in said transverse bending 5 nDde?CgU§WéH3@hcy
counter for neasuring frequency of said vibration; and a processor for
deriving said spring constant fromsaid frequency. 16 FEB 2005 WD

02/ 056977 PCT/ USOL/ 49907 - 76 71. Apparatus for determ ning straightness
of a golf club shaft, said shaft having a handle end and having a tip end
for mting to a club head, said apparatus conprising: 5 a clanp for

i obi i zi ng-said handl e end &fppsaiadt ugoEbrc el estra it ngn o tdefliohitme s

ongi tudi nal  axls pagsing Ly quditcsaid shandle endang eXiendhi0 eng |
per pendi cul arly Wi thoréspect to a pl'ane perpendi cul ar~ to sail andl e end,;
and 10 a devi at kod davdmigarort iforendf foremebion te gl ¢labi hyead, sagides about
said |longitudin I, ic%\&g' Ialds isplacing said tip end of said shaft
transversely to%bgﬁgbﬁysa fi gﬁéﬁgggdeterntned di_stance fro sai_d

| ongi t udi nal 5axis, 15 measuring &1?FPS€°Fe§PWPPH61FéP6éS&&ﬂrh@ndéﬁi&nd
initial displaciofgsasdbepaeertihiyp ¢hafi-aanagdediithinigd aendnefitusdind 1shaf t
transversely to, and by a sec nd gg]reedet ei_lméagd di stance from..said

| ongi t udi nal ax?§952@aﬁ§&§§ri%§°§ Eeng PEBHESS §§% 6Pfe S XEGPPRG s ai d
subsequent di spbeacpegdiamdaddryi witdy, respecsaicd fi pdanangeseeodd culest ori ng

forces_and saidtfigﬁﬁda%% ﬁﬁ%o%%d_pgggeternined distances, a devi ati on of
said tip end 25 frGfisai nIongltudlr]a ,axis at said angle.
10 a deviation calculator for, for each of

a plurality of angles about said longitudinal axis:

' initially displacing said tip end of
said shaft transversely to, and by a first
predetermined distance from, said longitudinal axis,

15 measuring a first restoring force during
said initial displacing,
subsequently displacing said tip end of
said shaft transversely to, and by a second
predetermined distance from, said longitudinal axis,
20 measuring a second restoring force
during said subsequent displacing, and
deriving, from said first and second
restoring forces and said first and second
predetermined distances, a deviation of said tip end

25 from said longitudinal axis at said angle.

72. The apparatus of claim 71 furtherx
comprising a plotter for plotting said deviations at
said plurality of angles, thereby providing a visual
representation of said straightness of said -shaft.

73. 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



72. The apparatus of claim71 further conprising a plotter!§ 6FB pliptti ng
sai d devi gt said plurality of angles, thereby provjding. a visua
representg%}ﬁgé%?%said strai ghtness of said shaft. 73. Apﬂgﬂgﬁﬂgﬂggﬁ
determning a preferred angular orientation of a golf club shaft about a

| ongi tudi nal axis thereof, said golf club shaft having a proximal end for
gripping by a golfer and a.distal 16 FEB 2005 WD 02/ 056977 PCT/ USQ /49907 -
77 5 end for attachnent to a golf club hedd,-said apparatus conprising: a
clamp for inmobilizing a first one of said proximal end and said distal
end of said §ol endl fbr sfifbchmedtatei brgelbncyehehandr £aidi abpPRraatHg

vi bratory notiogg bgig-ggqne, of a second one of said proximl end and
said distal end OP salé olf club_-shaft; a sensor for neasuring said
vibratory 15 notion, sai d sendoflaBRpfpPEi AgnoRiliasBeg fwbilepkrgpe of
reflective surfgees pebxSaiad shaf tnat sangl @ssebli ghe 6@ said gbapeciab
respective beam generator for directing a respective energy beam at each
of said 20 refFBEE§6e surfaces, a respective detector for detecting a
respective nefl ected beamrefl actdbdrbtbonegehepbitsai forsiniatesingnd a
processor for cglkeulating fr sai, 2 ected_b i nges sai d
surfaces fron1o%gggﬁ%ﬁgyg“$F§§é’l8ga ig%gS%Ur%ﬁgas§?g89gb§%€0§§ ﬁ%ﬁgon, a
derivi ng di spl apspsamadf epdi dndhahidf ddatshi endcafcabadedodfscanbes; an
anal yzer to anakyzersaid measured 30 vibratory notion; and a calculator to
calculate fromsaid

nd

a sensor for measuring said vibratory
15 motion, said sensor comprising: ‘
' at least two energy reflective surfaces
on said shaft at angles oblique to said plane,

a respective beam generator for

directing a respective energy beam at each of said
20 reflective surfaces,

a respective detector for detecting a
respective reflected beam reflected from each of said
surfaces, and

a processor for calculating from said

25 detected beams distances of said surfaces from one or
more fixed locations during said vibratory motion, and
deriving displacement of said shaft from said
calculated distances;

an analyzer to analyze said measured

30 vibratory motion; and

' a calculator to calculate from said
analyzed vibratory motion said preferred angular

orientation.

74. The apparatus of claim 73 wherein said
respective energy beam is a beam of electromagnetic

radiation.

75. The apparatus of claim 74 wherein said

beam is a light beam.



anal yzed vibratory notion said preferred angular orientati®hEB 7885 The
appar at us V@ 0205897h 73 wherein said respective energy beanrCwuarb®amm of

el ectromagnetic radiation. 75. The apparatus of claim 74 wherein said
beamis a light beam WD 1)2/056977 - 78 16 FEB 2005 PCT/USO /-49907 76.
The apparatus of claim75 wherein said beamis a | aser beam 77. The
apparatus of claim73 wherein: said first ope_of said proximl end and
said distal end of said golf club shaft is said proxinmal end; and said
second one of said proximal end and said distal end of said golf club
shaft is said distal end; said apparatus further c¢onprising: a reaction
mass nounted on sai d di st 4f-en§hewRBPEFAEUS0°SafdaEBf VE&cPeaetr F4dés are
on said reactiplafBss. a’/BasdéppBeafus for determning a preferred angular
orientation of a golf club shaft about a |ongitudinal axis thereof, said
golf club shaft having a proximal end for gripping by a golfer and a
distal 5 end for attachnent.toThegabbachtishefdclsand7appheatlia:

conprising: a clanp for inmobilizi,ng.said (0)'¢! . s€Nn % [ o] | ub
shaft; a reaction mass for nnuﬁ??ﬁggéﬁséané ﬁ%n%%%?apggﬁ mg? gg?d5%5 f
club shaft; a vebidtdbatgénendtof fefidigplfacing shabtaiergamdtion, in a
pl ane, of said gkgkgﬁ %ngng; agai d golf club shaft, by: displacing said
distal end of said go? . ] )
5 sald second one of said proximal end and
sald distal end of said golf club shaft is said distal
end; said apparatus further comprising:

a reaction mass mounted on said distal
end; wherein: '
10 said reflective surfaces are on said

reaction mass.

78. 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 clam§ for immobilizing said proximal
end of said golf club shaft; k

a reaction mass for mounting on said

10 distal end of said golf club shaft;

a vibration generator for initiating
vibratory motion, in a plane, of said distal énd of
salid golf club shaft, by:

displacing said distal end of said golf

15 club shaft by attracting said reaction mass with an
-electromagnet, and
deactivating said electromagnet;
a detector for measuring said vibratory

motion;



15 club shaft by attracting said reaction mass with an el E@fﬁ%r}@énet, and

deact i vat wgosdker7el ect romagnet ; a detector for neasuring pedhgkoyipat ory
notion; 16 FEB 2005 WO 02/ 056977 - 79 20 PCT/USO /19907 an analyzer to

anal yze said neasured vibratory notion; and a calculator to calculate from
said analyzed vibratory notion said preferred angular orientation. 79.

For use with apparatus for determning a characteristic of a golf club
shaft, said golf club shaft having a proxi®rel and a distal end and a

| ongi tudi nal axis, said apparatus having nmeans for 5 i bilizing. said
proximal emPand for initiatiRf W%riéﬁﬁf N e A TR 22, ‘E‘?ﬁfs‘&f’ég%g a
magnet, and forvipeasety ngotsvdtl; vatd ati on using at | east two energy beans;
a reaction mass for nmounting on sajd distal_ end 1 ;fngaaﬁactigni Ss
conprising: 10 a body having & bote” tTHEr® hrdUgh FHtS rTh T&t9 distal
end is insertednalyiedstibwat ouy frekomtsaiad et farreddnguilanangl es
relative to saig-q Idydinal axis for reflecting said at |east two energy
beans; and 15 an additional surface aligned to engage said magnet. 80. A
nmet hod of determning a preferred angular orientation of a structural

menmber about a  |ongituditngl axds ddereain a%%iackaﬂiﬁélcﬁéh!:&ieﬂ’@éﬂ?ﬁ{indﬂaa/i ng a
proxi mal end and a distal] end, said t had

first one of saFPTHITOEIRALERE dhf '&Jdi%t%faoggl%ﬂgéﬁwc? llﬁlrglg :
: shaft having a proximal and a distal end and a
longitudinal axis, said apparatus having means for
5 immobilizing said proximal end and for initiating
vibration of said distal end using a magnet, and for
measuring said vibration using at least two energy
beams; a reaction mass for mounting on said distal end,
said reaction mass comprising:
10 a body having a bore therethrough into
which said distal end is inserted;
at least two surfaces at respective
oblique angles relative to said longitudinal axis for
reflecting said at least two energy beams; and
15 an additional surface aligned to engage

said magnet.

80. A method of determining a preferred
angular orientation of a structural member about a
longitudinal ‘axis thereof, said structural member
having a proximal end and a distal end, said method
5 comprising:
immobilizing a first one of said
proximal end and said distal end of said structural
member;
initiating vibratory motion of a second
10 one of said proximal end and said distal end of said
structural member in each of a plurality of vibration
planes, each lying at a respective angular position

about said longitudinal axis;




menber ; initiating vibratory notion of a second 10 one of sgimggpy@xi mal

end and S i | end of said structural nenber in each I lity of
vi brat i onw0 2% ggtﬂ each lying at a respective angul ar posﬁé%ﬁsqoug&ﬁt sai d

Iongitudinal aX|s WD 02/ 056977 - 80 16 FEB 2005 PCT/USQ /49907 for each
of said vibration planes, 15 neasuring maxi mum out - of - pl ane di spl acenent
of said second one of said proxinmalend and said distal end of said
structural nenber; analyzing said neasuredsdisplacenments; and 20
calculating fromsaid anal yzed nmeasured di spl acenents said preferred
angul ar orientation. 8l. The nEbhoeach ofasai@Oviheakion paadesirst one of

sai d proxi . I |.Sta d s said
pr oxi mal I%? %%%%?dnéec%ﬁgh%%e$% saiéléﬁ%x?%% E&é%& saié istal end
“of said structLﬁ%ﬂom@n©@¢ ¢f said PE®E¥®$leﬁ@d and S%bdn@@ﬁéaloﬁnéléﬁni80

further conprigsing g@y@ét@gaf hé€RsLLon mass on said distal end prior to
said initiating. 83. The nethod of claim 82 wherein said initiating

conpri ses applying an |npulse %%ﬁ%ﬁfﬁngs%?h@t@?%fuﬁ%@b@%SPﬁaﬁeﬂ?FEEV|on
ot her than parald®l to said Iongitudinal axis. 84. The nethod of claim83

wherein said applying an inpuls rises; dis cing.said distal end of
said structlral nenber in a d??g%?fgﬁl%?hgioThﬁg ga?% XFeaome%sgﬁﬁg
| ongi t udi nal axdssphacemeheassapd sprefeispd azeguliastatientation.

81. The method of claim 80 wherein:
said first one of said proximal end and
said distal end of said structural member is said
proximal end; and
5 said second one of said proximal end and
said distal end of said structural member is said
distal end.

82. The method of claim 80 further
comprising mounting a reaction mass on said distal end

prior to said initiating.

83. The method of claim 82 wherein said
initiating comprises applying an impulse to said
structural member in a direction other than parallel to

said longitudinal axis.

84. The method of claim 83 wherein said
applying an impulse comprises:
displacing said distal end of said
structural member in a direction other than parallel to
5 said longitudinal axis; and

releasing said displaced distal end.

85. The method of claim 84 wherein:
said displacing comprises attracting

tion mass with an electromagnet; and



85. The met hod of claim 84 wherein: said displacing conprisFﬁéng cting
sai d reacty ! wi th an el ectromagnet; and WD 02/ 056977 - l&§ 16 FEB
MG Ve

2005 PCT. 07 said rel easing conpri ses deactivating ¥

el ectromagnet. 86. The met hod of claim80 wherein said initiating
conprises applying an inpulse to said structural nmenber in a direction
other than parallel to said longitudinal axis. 87. The nethod of claim86
wherein said applying an inpul se conprisesi 4isplacing said distal end of
said structural nmenber in a direction other than parallel to said

| ongi tudi nal axis; and rel easi pgigdardidasphgcedmgritak aadctB8atThg net hod
of claim80 erein said__neasurjpng conprises: providing on said shaft at

| east two e er@?lae?iﬁgFFQEagﬁ?kaces at angles oblique to said vibration
pl ane; directing a respective energy beamat each of said reflective

surfaces; detecting a reSE?Cti¥ﬁerﬁ%£§8&egfb8f%%33§6'gﬁ&fgiﬂrggl ach of

said surfaces; calculating from sal et ected : I stances of said
surfaces from ohelbiahdRe FPRBYELISEHcAPPEVISNGURRngmBRLESvEBr 8868y noti on

and deriving saigredtuphiphamiBedi sSR! ACIBAEL 16 Oft BatdtRahCPAR BTl to
di stances. 89. The nethod of,claim88 wherein said respective energy beam

is a beam of el 81 ohAPAeEPeIRrad?%5tFon. 90. The method of clai m 89 wherein
sai d beam : ~

87. The method of claim 86 wherein said
applying an impulse comprises:
displacing said distal end of said
structural member in a direction other than parallel to
5 said longitudinal axis; and

releasing said displaced distal end.

88. The method of claim 80 wherein said

measuring comprises:

providing on said shaft at least two
energy reflective surfaces at angles oblique to said

5 vibration plane;

directing a respective energy beam at
each of said reflective surfaces;

detecting a respective reflected beam
reflected from each of said surfaces;

10 calculating from said detected beams
distances of said surfaces from one or more fixed
locations during said vibratory motion; and

deriving said out-of-plane displacement

from said calculated distances.

89. = The method of claim 88 wherein said
respective energy beam is a beam of electromagnetic

radiation.

90. The method of claim 89 wherein said beam

is a light beam.



is alight beam WO 02/0.56977 16 FEB 2005 PCT/ USOL1/ 499071§ 8 2081. The
met hod of Wi e/4FP0 wherein said beam s a | aser beam 92.paresSemewigd
claim 88 wherein: said first one of said proximl end and said distal
ural nmenber is said proximal end; and said second one of

of said struct
sai d proxi nal

end and said distal end of said structural nmenmber is sa

distal end; said method further conprisingg,nounting a reaction nass o
said distal end prior to said initiating; mhereln 10 reaction nass.

reflective surfaces are on said 93. The nmethod of claim80 wherein: sa
anal yzi ng conprises plotting said out-of-plane, displacenents as a fun

of angl e about
determning a
connecting sai

sai d | ongPtudi B BREBodapd sapdmc8Pcwharral Eaipr Psay
pai & ohsepppsaf. m ni num di spl acenents; wherein: a line
d opposed m ni num displacenents defines said preferred

angular orientation. 94. A nethod of determ ning a preferred angular

orientation of

structural menber having a proxi and a_di st end. id t hod
conprising: imuobilizing a flrgFlga ﬁaPr8ﬁam3 eggean i

a structurap. rrem'hermabnua af tdagmt adi wa_leraxns t her eof

SR br BT

of
end

id
n
sai d
id
ction

sai d
5

i stal

end of said stragidrdistatnbed; of6sEES $8H6cVX82/ OEBDZT BRETSEEA / 49907

10

proximal end; and

said second one of said proximal end and
said distal end of said structural member 1is said
distal end; said method further comprising:

mounting a reaction mass on said distal
‘end prior to said initiating; wherein:

said reflective surfaces are on said

reaction mass.

93. The method of claim 80 wherein:

said analyzing comprises plotting said
out-of-plane displacements as a function of angle about
said longitudinal axis; and

said calculating comprises determining a
palr of opposed minimum displacements; whereiﬁ:

a line connecting said opposed minimum
displacements defines said preferred angular

orientation.

94. A method of determining a preferred
angular orientation of a structural member about a
longitudinal axis thereof, said structural member
having a proximal end and a distal end, said method
comprising:
immobilizing a first one of said
proximal end and said distal end of said structural

member;



- 83 initiating vibratory motion, in a plane, 10 of a sedérfdBoigg of said
proxi mal wod8r@7paid distal end of said structural menbepcrRRIFWIHHHI Sai d
vibratory notion by: providing on said structural nmenber at |east two
energy reflective surfaces at angles oblique 15 to said plane, 20 25
directing a respective energy beamat each of said reflective surfaces,
detecting a respective reflected beam reflected fromeach of said
surfaces, calculating fromsaid detected BSarms distances of said surfaces
fromone or nore fixed |ocations durjng said vibratory notjon, and
deriving di spl acement of said St¥U@tid VIRFATSTY M R d T B ARy

“di stdancels; l&i(;a@itzjiaﬂgsécaforﬂi mwﬁcbadd)rp&;d:mmg(}mtéml;amoba:fd cilsd g fromh
sai d anal yzed vi bratory ., motion said preferred angular orientation. 95. The
met hod of ~cl airﬁrﬁ% %ﬁe%lae]icﬂv%tali"‘bct"}% SR ‘ener gy beam is a beam of

el ectromagnetic radi ation. 96uedkheritet leed ofvidmEm®b miterei bysai d beam
is alight beam 97. The neth . £l al rgl |4 beamnd | aser
beam 98. The nethod of claim 4&;%%@?119%% fsf}drfs]%cs%%galof saléf.paﬁ:oxi mal
end and said dieast terl eexrd orsthaghiyealsurhaneas iat anglepraddiimie end;
and WO 02/ 0569%hb &hid Qikhe,

directing a respective energy beam at

each of said reflective surfaces,

detecting a respective reflected beam
reflected from each of said surfaces,

20 : calculating from said detected beams
distances of said surfaces from one or more fixed
locations during said vibratory motion, and

deriving displacement of said structural
member from said calculated distances;

25 analyzing said measured vibratory
motion; and

calculating from said analyzed vibratory

motion said preferred angular orientation.

95. The method of claim 94 wherein said
respective energy beam is a beam of electromagnetic

radiation.

96. The method of claim 95 wherein said beam
is a light beam.

97. The method of claim 96 wherein said beam

is a laser beam.

98. The method of claim 94 wherein:

said first one of said proximal end and

said distal end of said structural member is said

proximal end; and



15 ~4 FEBwWRPOhscf7/ USO1/ 49907 said second one of said proxﬁb%ﬁg%ﬂﬁ&gnd
said distal end of said structural nenber is said distal end; said nethod
further conprising: nounting a reaction mass on said distal end prior to
said initiating; wherein: said reflective surfaces are on said reaction
mass. 99. A nethod of determning a preferred angular orientation of a
structural nenber about a | ongitudinal éx?g thereof, said structural

menber havigg a proximal end andda distgl endb sagd met hod o] risi@p:
i mmobi |'i zi ng~sai d proxi mal end®3t s§FHC t?ﬁ%tuFaF ﬁ8n8§931W8 nti ga
reacti on nmass osasdi didtslaéndeoll shidastrstturailr mkmbemrbédss; sadidti ati ng

vi bratory notiog;.iLn-a ang, : 10 j i e .said . structural
menber, by: digbfgg}nagééigaé?s%gﬁﬁgﬁdg%?ggérqe???%é?%Pgr menber by R
attracting said reaction nass WYhAt1Rg 2| EearbaRgnBRSSanl geadt dvgtiedg said

el ectromagnet ; eﬂ&aﬁﬂibﬂgtéaégi&iPﬁ@%?éﬂi ti QHeredfal yzi ng said measured
vi bratory notion; and calculating_fromsai@ anal yzed vibratory 20 notion

sai d prefert8d angul ar orient affdf. rebbechppar SHEEAFBF BECePR ArAd a
preferred anguta@aceibgnhatson of a structural nenber about a | ongitudinal
axis thereof, said structural nenber having a proximl end a distal end,
sai d apparatus conprising: WO 922/056977 - 85 16 FEB 2005

99. A method of determining a preferred

angular orientation of a structural member about a
longitudinal axis thereof, said structural member
having a proximal end and a distal end, said method
5 comprising:
immobilizing said proximal end of said
structural member;
mounting a reaction mass on said distal
end of said structural member;
10 initiating vibratory motion, in a plane,
of said distal end of said structural member, by:
displacing said distal end of said
structural member by attracting said reaction mass with
an electromagnet, and
15 deactivating said electromagnet;
measuring said vibratory motion;
analyzing said measured vibratory
motion; and
calculating from said analyzed vibratory

20 motion said preferred angular orientation.

100. Apparatus for determining a preferred
angular orientation of a structural member about a
longitudinal axis thereof, said structural member
having a proximal end a distal end, said apparatus

S comprising:



PCT/ USOL/ 49907 neans for inmmobilizing a first one of sai& Fg&¥W%I end and
sai d di st ¥0BMHF%GF said structural nmember; means for i ni G MOBr at ory
notion of 10 a second one of said proximl end and said distal end of
said structural nenber in each of a plurality of vibration planes, each

| ying at a respective angular position about said |ongitudinal axis; neans
for measuring, for each of said 15 vibratgon planes, maxi num out -of - pl ane
di spl acenent of said second one of said proximal end and said distal end

of said structural nenber; neansah®r fenalyadpYL 524 fg NBasUF€€ one of
.di spl acenents; and.20 neans. for_ cal ulatén%.fro sqad gnaléged measur ed
di spl acement s S REPEFFRY QAT SHHT Rt atF b4 03t SHtdapparat us of

cl ai m 100 wher edttructsatal fngmbevne of said proximal end and said distal end

of said structural menber is said _proximal,ends .S al cond. one of
said proximal end and said di'’s %_Se%%Foqg%%}%g%%gﬂg %f%ﬂoﬁgﬁg%gl?% %gid
distal end.1002 Steongpenat®s oii¢|proxninol fend wrd sohprdsstrygl readtion

means for mountdfngs ongsai dudistd néftkr 103 Jie SPPArELYS. Pfe gl g m 102

wherein said neans for Initiating conprjses neans for applying an inpulse
to said struct (FErr¥HehPerPiarnes dif2ehi DAL Rt 2 tFRFPHRF Ve aAndelahi d

| ongi t udi nal axpss i bolrERSPOSsa D DnPEOSTInLCTAE01/ 49907 - 86 104. The
apparatus of claim 103 wherein said _nmeans for.%gplging a igpulse
tf

conprises: means for displaci MEE3%T dff SEEFSERPGs LoT eac sald

15 vibration planes, maximum out-of-plane displacement of
said second one of said proximal end and said distal
end of sald structural member;

means for analyzing said measured
displacements; and

20 means for calculating from said analyzed
measured displacements said preferred angular

orientation.

101. The apparatus of claim 100 wherein:
said first one of said proximal end and
“said distal end of said structural member is said
- proximal end; and
5 said second one of said proximal end and
said distal end of said structural member is said
distal end.

102. The apparatus of claim 100 further
comprising reaction means for mounting on said distal

end.

103. The apparatus of claim 102 wherein said
means for initiating comprises means for applying an
impulse to said structural member in a direction other

than parallel to said longitudinal axis.



‘ B 7005
said structural nmenber in a direction other than 5 paraIIeﬂBJg g%”

| ongi t udi NP 94956877 and means for rel easing said displ aced BECHUSI/4M. 105.
The apparatus of claim 104 wherein: said neans for displacing conprises an
el ectromagnet for attracting said reaction nmass; and said neans for

rel easi ng conprises neans for deactivating said el ectromagnet. 106. The
apparatus of claim 100 wherein said neans initiating conprises neans
for applying an inpulse to said structuraF nenber in a direction other

than parallel to said Iongbgud@ﬂgl %ﬁé%atﬁg7 ngqaggpabgtwﬁeg%l%i i3l 06

wherein said nmeans for ap an“inpul se conprises: neans |spIaC|ng
‘said distal endm8RRSs&PH §PP EﬂﬁﬂaﬁnnéﬁﬁéﬂsﬁnCém@Fﬁééﬁion ot her than 5

parallel to said |ongitudinal aébgﬁ e a@gpgaEthrgbgasaagtgai@n@i@glaced
distal end. 108. The ag aratuit | ai m 100 .wherei,n Salg ngg for
measur i ng conpr P&es: FERLe L ME™REr g7 PefitEeCEtRRsBFREEeSER N said shaft
at angl es obBiqparhml&aldovsbﬁdlu@mgatmhanel arass kad directing a
respective energy beam at each of s ective surfaces; gns for

detecting a respective reflecF@&nﬁegkfrgFﬁ$3Fé8gfFSﬁge ERPSRCS

surfaces; 16 FEBigba% ewd.02/ 056977 PCT/ USO /49907 87 10 neans for
calculating fromsaid detected beans distances of said surfaces fromone
or nore fixed |locations during said vibratory notion; and neans for
deriving said out-of - pIané05d|?bﬁaé@@@ﬁ?tﬂﬁoﬁis§ﬂél@aﬂéélHP@@EGPStances

said means for displacing comprises an
electromagnet for attracting said reaction mass; and
said means for releasing comprises means

5 for deactivating said electromagnet.

106. The apparatus of claim 100 wherein said
means for initiating comprises means for applying an
impulse to said structural member in a direction other
than parallel to said longitudinal axis.

107. The apparatus of claim 106 wherein said
means for applying an impulse comprises:
means for displacing said distal end of
said structural member in a direction other than
S parallel to said longitudinal axis; and
means for releasing said displaced
distal end.

108. The apparatus of claim 100 wherein said

means for measuring comprises:

at least two energy reflective surfaces
on said shaft at angles oblique to said vibration

5 plane;

means for directing a respective energy
beam at each of said reflective surfaces;

means for detecting a respective
reflected beam reflected from each of said surfaces;



109. The apparatus of claim 108 wherein said respective enkl §iB Bamis a
beam of eM& oY@t dgnetic radiation. 110. The apparat us of RITAU$MEOB7Wher ei n
said beamis a light beam 111. The apparatus of claim 110 wherein said
beamis a | aser beam 112. The apparatus of claim 108 wherein: said first
one of said proximal end and said distal end of said structural nenber is
said proximal end; and 5 10 said second opnne of said proxinmal end and said
distal end of said structural nenber is said distal end; said apparatus
further compgising: a reaction,duss for SRMOAIL0i0Y 220l <dig!@bcelfea
wherein: said reflective surfaces are on sald reaction mass. 113. The
appar at us of clhear3odieharephA: ofardifdeansiaeers ahPPzPhy ebnpPrseSinedns

for plotting sajd-QtioRk- BL2RRgdsapha¢enBat SrPsm@c 164NChih@n of angl e about
said | ongitudinal axis; and saird nmeans for cd cul ating congrlses means for
r

determining a pair of opposed REARAUAPT diehluteFersd ARerefrPla®s 02/ 056977
- 88 USO /499 dEsprdébébht. F2oid/sailli 6gl condesd | Adssahdespposed m ni mum

di spl acenents defines said preferred angular 10 orientation. 114. Apparatus
for determning a preferred angular orientation of a structural nenber
about a |ongitudinal axi30PheThkef apparatssrattctaimneddevherein said

respective energy beam is a beam of electromagnetic

radiation.

110. The apparatus of claim 109 wherein said
beam is a light beam. ’

111. The apparatus of claim 110 wherein said

beam is a laser beam.

112. The apparatus of claim 108 wherein:
said first one of said proximal end and
said distal end of said structural member is said
proximal end; and
5 said second one of said proximal end and
said distal end of said structural member is said
~distal end; said apparatus further comprising:
a reaction mass for mounting on said
distal end; wherein:
10 said reflective surfaces are on said

reaction mass.

113. The apparatus of claim 100 wherein:
said means for analyzing comprises means
for plotting said out-of-plane displacements as a
function of angle about said longitudinal axis; and
5 said means for calculating comprises
means for determining a pair of opposed minimum

displacements; wherein:



having a proximal end and a distal end, said apparatus means
for i nmmobwo @inagp7a first one of said proxinmal end and sm%t@%@ (ﬁnd of
said structural nmenber; neans for initiating vibratory notion, 10 in a

pl ane, of a second one of said proxinmal end and said distal end of said
structural nenber; nmeans for neasuring said vibratory notion by: providing
on said shaft at least two 15 energy reflective surfaces at angl es oblique
to said plane, directing a respective éhé#bY'beanlat each of said

reflective surfaces, detecting respective reflect am .20.refl| ected
from each of said surfaces, ca?a£+%?|ﬁ%n??%$+§%lﬁaﬁgtangﬁegeQﬁE T4t ances
of said surface@iéplmn@menbs dof tnés xsaid | prafeonsd dangnyasai d vi bratory
not i on, andlgeré géf acenent of said shaft from 25 said cal cul ated
dlstances neans or analyzi ng said neasured vibratory notion; and neans
for calculating fromsaid anal yzed vibratory notion said preferred angul ar

orientation. WO 02/056977, 18 FE&,200eus PEJL l@%éﬁ@@&inéf? ﬂ%éfe?@@d

apparatus of claim 114 wherein said _respective ener beamis a beam of
electronagnetlcan$%kﬁ%ﬁ?¥ﬁﬁnﬁﬁ%;°ﬁh% a%p%ﬁ%%%%uﬁﬁ CT%?H?{lﬁbﬂHEréln sai d

beamis a |ightideantudidal TAei appieepéss, oéamasmdd@uml:rﬁembéﬁl d beamis

a laser beam %%? 1§§eaa gﬁf&a eﬁdcégén1¥&fsggfr

said apparatus
5 comprising:
means for immobilizing a first one of
said proximal end and said distal end of said
structural member;
means for initiating vibratory motion,
10 1in a plane, of a second one of said proximal end and
said distal end of said structural member;
means for measuring said vibratory
motion by:
‘ providing on said shaft at least two
15 energy reflective surfaces at angles oblique to said
plane, ‘
directing a respective energy beam at
each of said reflective surfaces,
detecting a respective reflected beam
20 reflected from each of said surfaces,
calculating from said detected beams
distances of said surfaces from one or more fixed
locations during said vibratory motion, and
deriving displacement of said shaft from
25 said calculated distances;
means for analyzing said measured
vibratory motion; and
means for calculating from said analyzed

vibratory motion said preferred angular orientation.



said first one of said proximal end and said distal end of 44&ildBsiguctura
menber i s ye@hgosepr0xi mal end; and 5. said second one of sap@rpEetlosy end
and said distal end of said structural nmenmber is said distal end; said
apparatus further conprising: a reaction mass for nounting on said distal
end; wherein: 10 said reflective surfaces are on said reaction mass. 119.
Apparatus for determining a preferred angular orientation of a structural
menber about a |ongitudinal axis thereof, 88ard structural menber having a
proxi mal end and a distal end, said apparatus conprising: 10 neans for

i mobi | zi ng sai d proxi mat1énd Thef 2prpgastisuetuFdR ifeAdér WheredacSied nass
for mounting onrggpdctiestakrgfdoehmsakdasbeust bifak 1eRERemagiedis f or
initiating vibratgng notion, 1n a plane, of said distal end of said
structural nmenbBFi2byO™WO 02/ 056977 16 FEB 2005 PCT/ USO/499(17 - 90

di splacing said distal end of said structural nmenber by attracting said

reaction mass wth 15 an_el.ectraonmagnet,  and deacti.vating said. .
el ectr omagnet ; neasuringlggrdEéFbF 8F?t%§tfgnfiaéﬁaﬁ;§ingESFE ﬁgéébred
vi bratory noti oheamnds26 dabbtl deamg from sai d anal yzed vibratory notion
said preferred angul ar orientation 120. Apparatus for determning a

preferred angul ar orientation of a structural nenber about a, )
117. The apparatus of claim 116 wherein said

beam is a laser beam.

118. The apparatus of claim 114 wherein:
said first one of said proximal end and
said distal end of said structural member is said
proximal end; and
5 said second one of said proximal end and
said distal end of said structural member is said
distal end; said apparatus further comprising:
a reaction mass for mounting on said
distal end; wherein:
10 said reflective surfaces are on said

reaction mass.

119. Apparatus for determining a preferred
angular orientation of a structural member about a
longitudinal axis thereof, said structural member
having a proximal end and a distal end, said apparatus
5 comprising:
means for immobilizing said proximal end
of said structural member;
a reaction mass for mounting on said
distal end of said structural member;
10 means for initiating vibratory motion,
in a plane, of said distal end of said structural

member, by:



l'ongi tudinal axis thereof, said structural nenber having g ﬂ’gal end

and a di stah oBhgde77sai d apparatus conprising: a clanp for %HFB?&Lb j-ng a
first one of said proximl end and said distal end of sai ruc uraI

menber7 a vibration generator for initiating 10 vibratory notion of a
second one of said proximal end and said distal end of said structural
menber in each of a plurality of vibration planes, each |lying at a
respective angul ar position about said | eng@audinal axis; 15 at |east one
sensor for, for each of said vibration planes, neasuring maxi num

out - of - pl ane displ acerrent of sHisblserigryl saial olistdld gdxafedaishd  and

sai d di stal end tr I 3 id
measured 20 di sp“l aceman ang 2B Br ocessor'?lfrhocf a%/c%%{eagtﬁl&i]?%%%ésg?l%
anal yzed nedsur édt cﬁlsﬁﬂt‘atcémﬁesf-:sa’irdi preferred angular orientation. 121.

The apparatus of claim 120 whergidst 42 Q% Cg%ﬁi?el%&cma{gs{e@ne of said
proxi nal end and said distal end of said structural nembér, is said

proxi mal end: and sai d second SKESHIDG £ RA Y Ml%’m d distal end
of said structural rrerrber i s sairhlythisiglseintl meadfired iidika ey appar at us
of claim 120 furtoq__lln c{l sing a reaction mass for nounting on said
distal end. 12% e ap ratus of claim 122 wherein said vibration
generator a@dlies an inpul se tcalaulatsingiciromalsatshizeraliyeead di vttty

other than paral]gli &P 58 GdHdiddtflifithu @4 Srientation.

120. Apparatus for determining a preferred
angular orientation of a structural member about a
longitudinal axis thereof, said structural member
having a proximal end and a distal end, said apparatus
5 comprising:

a clamp for immobilizing a first one of
said proximal end and said distal end of said
structural member;

a vibration generator for initiating

10 vibratory motion of a second one of said proximal end
and said distal end of said structural member in each
of a plurality of vibration planes, each lying at a
respective angular position about said longitudinal
axis;

15 at least one sensor for, for each of
said vibration planes, measuring maximum out-of-plane
displacement of said second one of said proximal end
and said distal end of said structural member;

an analyzer for analyzing said measured

20 displacements; and

a processor for calculating from said
analyzed measured displacements said preferred angular

orientation.

121. The apparatus of claim 120 wherein:



124. The apparatus of claim 123 wherein said vibration gendrgafgy pgpnpri ses
an act uat ey §rsse7di spl aci ng said distal end of said strucgtygkon@eger in a
direction other than parallel to S'said |ongitudinal axis; and rel easing
said displaced distal end. actuator: 16 FEB 2005 PCT/USQO /49907 125. The
apparatus of claim 124 wherein said attracts said reaction mass with an

el ectromagnet; and rel easing said reaction mass by deactivating said

el ectromagnet. 126. The apparatus of clarnP120 wherein said vibration
generator applies an inpulse to said, structural nenber in adirection other
“than parallel to said |ongitudphadl £axss. owp 0f/ 65697Pr 251 RER 2005 and

'PCT/ US01/ 49907 5,94 aid¥alTBRgappacatissetuctaianlabmpber eknssaigd
vi bration generator,hco es ag actuator for: displacing said distal end

ri
of said structBFEFRBMHERY n28%i rection other than parallel to 5 said
| ongi t udi nal saxi s; and rel easi sgigakcdcdhdpbasedfdsaidl peotimnd28endhand

apparatus of claim,120 rein said_.sensor asuring, conpri ses:, at | east.
two energy ref|8%%?v§l§§$$a88§ O%Dﬁﬁ%édsgﬁuggﬁﬁaghg? gfngﬁgﬁgédobquue to
said 5 vibratiodiptaheend.respective beam generator for directing a

respective energy beam at each of said reflective surfaces; a respective

detector to detect a 10 respective reflected beamreflected fromeach of
sai d : 122. The apparatus of claim 120 further

comprising a reaction mass for mounting on said distal
end.

123. The apparatus of claim 122 wherein said
vibration generator applies an impulse to said
structural member in a direction other than parallel to

said longitudinal axis.

124. The apparatus of claim 123 wherein said
vibration generator comprises an actuator for:
displacing said distal end of said
structural member in a direction other than parallel to
5 said longitudinal axis; and
releasing said displaced distal end.

125. The apparatus of claim 124 wherein said
actuator:
attracts said reaction mass with an
electromagnet; and
5 releasing said reaction mass by
deactivating said electromagnet. A

126. The apparatus of claim 120 wherein said
vibration generator applies an impulse to said
structural member in a direction other than parallel to

said longitudinal axis.



16 FEB 2005
surfaces; waghReprocessor for calculating fromsaid dete 1507
di stances of said surfaces fromone or~ nore fixed |ocations HUI’I ng said
vibratory notion, and 15 for deriving said out-of-plane displacenent from
said calcul ated distances. 129. The apparatus of claim 128 wherein said
respective energy beamis a beam of el ectromagnetic radiation. 130. The
apparatus of claim 129 wherein said beamis a |ight beam 131. The
apparatus of claim 130 wherein said beamis a | aser beam 132. The
apparatus of claim 128 wherXin Th&)a(pﬁiﬁﬂﬂ?s? of 38laimd R&GﬂﬁfﬁaﬁﬁlOﬁaid

PCT/ USO1/ - 19907 Jir.st Fmacl %HQ:I?:{(}Q: d| stal end of
sai d structural Vi rrr%éld’f %eal g aoJOera(t% an second one of said
proxi mal end and said distal edﬂc‘ﬁmlfa@aigj Ssitlrfluciltﬂtaﬁl bt isabdid distal

end; said appar %ttli%cfﬂ{{xtallerm&ﬁ&“ﬁl@ didrd @A YrHBSSch M pﬁ@f@iié‘ﬂ 120
sa23 distal end; wherein: said reflective surfaces are on said reaction

mass. 133. The é&&é]r MBI IR 2P atddtki n:  sai d anal yzer plots said

~out-of -plane di spl acenents as adusdimn ga‘lcanﬁ]gp]mu &Giadteth1 | @i t udi nal
axis; and said processor determ nes a pair of opposed m ni num

di spl acenents; wherein: a |line connecting said opposed m ni nmum

di spl acenents defines sai d.3® ef®re exppamater of claim 120 wherein said

sensor measuring comprises:

at least two energy reflective surfaces

mounted on said shaft at angles oblique to said
5 vibration plane;

a respective beam generator for
directing a respective energy beam at each of said
reflective surfaces;

a respective detector to detect a

10 respective reflected beam reflected from each of said
surfaces; and

a processor for calculating from said
detected beams distances of said surfaces from one or
more fixed locations during-said vibratory motion, and

15 for deriving said out-of-plane displacement from said

calculated distances.
129. The apparatus of claim 128 wherein said
respective energy beam is a beam of electromagnetic

radiation.

130. The apparatus of claim 129 wherein said

beam is a light beanm.

131. The apparatus of claim 130 wherein said

beam is a laser beam.

132. The apparatus of claim 128 wherein:



orientati @roodeddo77Apparatus for determning a preferred q%éb %%z%&n
orientation of a structural nmenber about a |ongitudinal axis thereof, said

structural nmenber having a proximal end and a distal end, said apparatus
S conprising: a clanp for immobilizing a first one of said proximl end
and said distal end of said -structural nenber; a vibration generator for
initiating 10 vibratory notion, in a plan2 of a second one of said
proxinal end and said distal end of said structural menber; a sensor for
measuring said vibratory noti8&aids&idsEeABBrotofpidsPREXiTaIFERI2888 WO

02/ 056977 PCT/L%éiald&séaﬁozna4of15a@a seastttyel enenbyrr ekl egtive surfaces
on said shaft at an |que to said plane, a respective beam generator

ob
for directing B it?98 i eABF gy beam at each of said reflective
surfaces, 205a respectlve det estdd Becodétenti off aaidepperimad erfll entied

bean1ref|ected L%9§1§§ggagfeﬁga§f ggiﬁage§%cggg?gcgé8§g§sgg ;ggdcalculatlng

fromsaid detecC ans drs ces © rom oneé or nor e
fi xed |ocationsddiatehgesdi dseidr arpayabesi turthad CG@Prwsmggdlsplacenent of

said shaft fromsaid calculated distanggesmadh 202! Y28kt tRy28A! ¥283said
neasur ed V|brator¥ notion; and 30 a calculator to cal cul %te from said

anal yzed vi br at 8§ ﬁ%t?éﬁlsﬁbérﬁﬂéferred angular orientation. 135. The

appar atus ofiocl ai m 134 wherei nssaidrefesEEYE VOUEPEEQY REanbhSsaiheam of

el ectromagnetic .
reaction mass.

133. The apparatus of claim 120 wherein:
said analyzer plots said out-of-plane
displacements as a function of angle about said
longitudinal axis; and
5 said processor determines a pair of
opposed minimum displacements; wherein:
a line connecting said opposed minimum
displacements defines said preferred angular

orientation.

134. Apparatus for determining a preferred
angular orientation of a structural member about a
longitudinal axis thereof, said structural member
having a proximal end and a distal end, said apparatus
S comprising:

a clamp for immobilizing a first one of
said proximal end and said distal end of said
-structural member;

a vibration generator for initiating

10 vibratory motion, in a plane, of a second one of said
proximal end and said distal end of said structural
member;

a sensor for measuring said vibratory

motion, said sensor comprising:



radiation. 136. The apparatus of claim135 wherein said bebfnFEg sg5! i ght
beam 137wdisapparatus of claim 136 Wwherein said beam igcaut@sg®bobeam
138. The apparatus of claim 134 wherein: said first one of said proxinal
end and said distal end of said structural nenber is said proxinml end;
and 5 said second one of said proximal end and said distal end of said
structural nenber is said distal end; said apparatus further conprising:
WO 02/ 056977 - 95 16 FEB 2005 PCT/USC174%@(17 a reaction mass nounted on
said distal_end; wherein: 10 sa d refg gtlve surfacegaar .on said reaction

nmass. 139. Apparatus for deter n}ﬁﬁs VR 8PFEEY ARGLPSFLBPi BREARFSR of a
structural nenben abmdtshaftoaglhngnealohkiquéhéoes&idspﬂdnetructural

menber having a proximal end angd_ gégigé gggm #grggggrﬁg

conprising: a clanp. for |nnnb|I|z g sal sald structura
menber; a reactﬁbneﬂassgf@rrﬁapﬂctmgeoﬁnsagﬂ baﬁmtat eadhobfsapddst ruct ural
menber; 10 a vipraih Blggngﬁgggéegor initiating V|bratory motion, in a

pl ane, of said distal end of said structural nenber y. dis Lacing sai d
‘distal end %® said structural 2nERBeeChyvat ErheEFRY §8FddFE§€€FBﬁ frass with

15 an el ectronegaspectivle deacl b¥BtiNPesai de £l g6t EANBYOAL cadhdeEeshon for
measuring said g&bEQégéy motion;
a processor for calculating from said
detected beams distances of said surfaces from one or
25 more fixed locations during said vibratory motion, and
deriving displacement of said shaft from said
calculated distances; ;
an analyzer to analyze said measured
vibratory motion; and
30 ' a calculator to calculate from said
analyzed vibratory motion said preferred angular

orientation.

135. The apparatus of claim 134 wherein said
respective energy beam is a beam of electromagnetic
radiation.

136. The apparatus of claim 135 wherein said
beam is a light beam.

137. The apparatus of claim 136 wherein said
beam is a laser beam.

138. The apparatus of claim 134 wherein:
said first one of said proximal end and
said distal end of said structural member is said
proximal end; and
5 saild second one of said proximal end and
said distal end of said structural member is said
distal end; sald apparatus further comprising:



an analyzer to analyze said neasured 20 vibratory nDtion;1@pg3§m§alculator
to cal cul Me02foseHTvsai d anal yzed vi bratory notion said prefGarosd/4aagul ar
orientation. 140. For use with apparatus for determning a characteristic
of a structural nmenber, said structural nenber having a proximal and a
distal end and a |ongitudinal axis, said apparatus having neans for 5

I mobi lizing said proximal end and for initiating vibration of said distal
end using a nagnet, and for neasuring said vibration using at |east two

energy 16 FEB 2005 WD 02/ 05( 9;7r-aggéy§%éé9§9§%$%§60n 1$ap<§a5§ét§l

reaction mass for nounting on sard distal end, reaction mass
conprising: a b¥ety: HvePLRA: bore therethrough into which said distal end

is insertedjgat |least two surfages ALriespecti ¥errobld qie- angl gsigel ative
to said longitudinal,axis for reflecting said at | east tw energy beans;

and 15 an addi tY3A2F 1% rTa%%- al i gned to engage sai d nagnet .

139. Apparatus for determining a preferred
angular orientation of a structural member about a
longitudinal axis thereof, said structural member
having a proximal end and a distal end, said apparatus
5 comprising:

a clamp for immobilizing said proximal
end of said structural member;

a reaction mass for mounting on said
distal end of said structural member;

10 a vibration generator for initiating
vibratory motion, in a plane, of said distal end of
said structural member, by:

displacing said distal end of said
structural member by attracting said reaction mass with

15 an electromagnet, and

deactivating said electromagnet;
a detector for measuring said vibratory
motion;
an analyzer to analyze said measured
20 vibratory motion; and
a calculator to calculate from said
analyzed vibratory motion said preferred angular

orientation.

140. For use with apparatus for determining a
characteristic of a structural member, said structural
member having a proximal and a distal end and a
longitudinal axis, sald apparatus having means for

5 immobilizing said proximal end and for initiating
vibration of said distal end using a magnet, and for

measuring said vibration using at least two energy



16 FEB 2005
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beams; a reaction mass for mounting on said distal end,
said reaction mass comprising:

10 a bbdy having a bore therethrough into
which said distal end: is inserted;

at least two surfaces at respective

oblique angles relative to said longitudinal axis for
reflecting said at least two energy beams; and

15 an additional surface aligned to engage
said magnet.



