WD 2006/ 069251 PCT/ US2005/ 046631 1 METHOD AND
APPARATUS FOR ELASTIC TAILORING OF GOLF CLUB | MPACT
WO FOeEORSITHE | NVENTI ON The present invention pROEE/ES2085/046631
to the field of advanced spdrting equi prent design
and in particular to a golf club head systemfor a
putter, driver, or iron designed for control of spin
resulting frominpact between the club head and a golf
bal | through elastically tailoring normal and
tangential inpact conpliance. WO 2006/ 069251
PCT/ US2005/ 046631 2 BACKGROUND ART CROSS- RELATED
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Provi si onal METURD AbD AERARMTUE KBk EfpSTIc fAkdfing
filed Decenber 22, 2004oF hOLP'CISUBIMPAOINt i ON
pertains to achieving an increase in the accuracy and
di stance of a golf club (e.g., a driver, putter or
iron) through the application of structural design
techni ques and el astic tal|0rlﬁﬁ of the club and in
particul ar to enhancinf ﬁl'QIMEI'ﬂIQQI | spins.

There have been many i nprovenents over the years which
have had nmeasurabl e i npact on the accuracy and

di stance Whe presenpipveationceantainshiodbe fieldwf @dmcqga%w equipment
Perde r%gﬂ%‘ﬂﬁ‘?n h?ﬁfcgfé? E@Q%}Bh‘ ehibth é}g&% fraRsut@R driver, or iron

vol u striBution an sulting conponents
of dehigneh ﬁmqoatrolewfmn resulting fientianest befweenipe Riyb digad and a golf

o Lol ouy EERS LA AT RS refifialnd GAGHARN modt coRRlte!
mat eri al paraneters for the golf club. The inpact
between the ball and the head can be nodel ed as an

i npact between two el astic/ deformabl e bodi es each
having freedomto translate and rotate in



space i.e., full 6 degrees of freedom (DOF) bodi es,

each having the ability to deformat inpact, and each
WERMEO69RI |y popul at ed mass and inertia tensorRCT/T$R805/046631
typical initial condition f2or this event is a

stationary ball and high velocity head_ inpacting the

ball at a perhaps eccenBﬂiCd(ﬁﬁglﬂNBL&gﬂ'anti ally on or
substantially off the face of the club head. The

i npact results in high forces both normal and

tangential to the contact surfaces between the club

head and the ball. These l\Iﬁorces integrate over tinme to

CROIBrIREEATID ARFIGAHOPNS rection, fornming velocity

vector and spin vectors of the ball after it |eaves
the face, hereafter called the inpact resultants. )
These Thisapplimatibordamsaprioriy frormPredsiongl Reatept Application Serial No.

ropertj includin I jcity of the two bodi es,
%éi‘i ﬁ%rdog@??mbgp%ﬁof&g'ssi pation, surface friction
coefficients, body masses and inertia tensors. WO

2006/ 069251 PCT/ US2005/ 046631 3 The present invention
pertains to the design of the elastic structural

bt acn it BepfEfy o ABflaing ( Hehidiign ntfeass in the acouracy and
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response are sel ect ed to maximze or mnimze ba .
hape had eneasunadle inpact ke theyeesuracianddistanageehichacgolfer can achieve.
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O i j | such t hat
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of the ball. The goal is to increase flight distance

Oh ¢ o TER ok BB et e Feld b o ol as an impact
h&R¥ddn Avo &R34c/ deformable bodies each having freedom to translate and rotate in
space i.e., full 6 degrees of freedom {(DOF) bodies, each having the ability to deform at
impact, and each having fully populated mass and inertia tensors. The typical initial
condition for this event is a stationary ball and high velocity head impacting the ball at a
perhaps eccentric point substantiaily on or substantially off the face of the club head.
The impact results in high forces both normal and tangential to the contact surfaces
. between the club head and the ball. These forces integrate over time to determine the
speed and direction, forming velocity vector and spin vectors of the ball after it leaves
the face, hereafter called the impact resultants. These interface forces are determined
by many properties including elasticity of the two bodies, material properties and
dissipation, surface friction coefficients, body masses and inertia tensors.



di scl oses a cl ubhead designed with a thin

Vi sco-el astic sheet sandw ched between a face and a

WO WW6/A@3A8 f or i nproving i npact perfornmance andPGEES2005/046631
There's no nention of spin3 but the patent describes

an elastically supported face. United States Patent

No. 5,316,298 to Hutin issued May 31, 1994 di scl oses

a cl ub.ead de W t h
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advanced anal yti cal nodel s WO 2006/ 06925
apttessigiokaibiight. 4 (1-d) normal inpact only to

determi ne the optimal support stiffness in the nornmal

direction to maxim ze ball velocity after inpact. The

pat ent Uaitewstaws R&ehlgNe 83498, 6 7200l Bellh tssuddiPalr 42, 1985
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desi gned
bail. a‘s‘lne @alal is toandrease flight ehstae@e by amnagaaq the me&c!mt of Restitution
(CQZ rebound factor and/or feel/hardness. There's
ntlon of spin, but the patent discloses an

elastically tailored face. United States Patent No.

5,697,855 to Al zawar issued Dec. 16, 1997 discl oses
cl ubhelnited StatesRatent Ner 5, 2@8&%‘*@&%@ issayed April 5, 1904
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esire here no men
fabetandrm clmmt lesad ﬂhranbrmmg inmpactipesiarmaince andofeet.t There’'s no mention of

spm Sut tﬂser t’[ent describes an elastically supported face.

United States Patent No. 5,316,298 to Hutin issued May 31, 1994
discloses a club head designed with a constrained layer visco-elastic damping
treatment mounted on the face and or the body for noise tailoring. There's no mention
of spin control or control of impact resultants, but the patent discloses an elastically
supported face. '

United States Patent No. 5,505,453 to Mack issued April 9, 1996, perhaps the
closest to the present invention, discloses several (2) designs for an elastically
supported impact plate whose support can be tuned to maximize normal response and
exiting ball velocity for a given player. [t essentially uses advanced analytical models



United States Patent No. 5,807,190 to Krumme et al.

i ssued Sept. 15, 1998 and United States Patent No.

WO 2970033 to Krumme et al. issued Aug. 21, 200ACT/US2005/046631
di sclose a clubhead (iron and driver - 190, and

putter -033) designed wth an elastically tailored
(1£bercreapimeadi ondy indelermie theantinal seppod siifness froine normal
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eI ?Stl cal I B,ore ce. desi gn United States Patent
5% P&’E&W@P i ssued Dec. 14, 1999
di scl oses a cI ub head, (putter only) designed with a

face insert construct ed "with controlled
conpr ed¥itga StatescPatent Nay St 7at32 torfiaher isaued Oct. 7, 1997 discloses a

ofl et oS BPOLA EaSHRRlD lcresRBGbert PeBbds Hgve an desiec

retsourttofactor dndWermfeel/Hamdser Therss tnol meativeof sginebat the patent
no. nention of s but the patent discloses an
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PCT/ US2005/ 046631 5 United States Patent No.

6, 302,807 to Rohrer issued Cct. 16, 2001 discl oses a

gol f clnitedHdteirateat hlal. §,607,855 Jo Aezavgamsbuadtlec 16, 1997 discloses

2 AR T BB SIRRY wittd eRaRuEay puSiactithiass insert designed
todhawe Baesirad damplﬂgil’écthl't Fhérdss h@‘?ﬁéntﬂjrﬁéf ﬁﬁﬁ ' tﬂ.& th@ patent discloses

off center m ss-hi here's no mention of

ap plasiigely supptedfacs inged! astical ly tail or ed face
design. United States Patent No. 6,328,661 to
Hel nstetter et al. issued Dec. 11, 2001 and United

St at esURitbé State. Paﬁeﬁt?&o69@ovm9@tdmrmhﬁ@et@| aaé.ued Sept 15, 1998
e Material ol f
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am@i@“\%ﬂ&%&l&%ﬂ%m ﬁs%77t 0%@&!‘!@11% gkal. issyed fL\ug 2d, 2001 disclose
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club head (preferably

United States Patent No. 6,001,030 to Delaney et al. issued Dec. 14, 1999

discloses a club head, (putter only) designed with a face insert constructed “with
controlled compression”, i.e., a rigid face impact plate elastically supported where the
support is designed to provide a certain normal motion behavior depending on impact
intensity and/or impact location. There is no mention of spin, but the patent discloses
an elastically tailored face design.



driver) designed wth a viscoelastic nenber supporting

the face and connected between the center of the face
wansds2iiack of the holl ow body of the cl ubheadT/US2005/046631
United States Patent No. 6,354,961 to Allen issued

March 12, 2002, "Golf Cub Face Fl exure Contr ol

Systent’ di scl oses a golf club head (preferably driver)

the. 1 aoatedateled R Ne o ae oo HonpE Rougd i 1b o

didfdséd e dmu@heba??MéHaB ;E’m’é’rt) desighedatittoiadsble Bhergy absorption.

pi ston i's desi maKe contact and chan
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in; @%%j‘gts tlﬁ%ﬁ?%tﬁﬁcﬁ%ﬁf é\%teﬁn'ﬁg §g'll'é losﬁﬂ‘?ﬁgﬁtlon of spin, but

theqidten discibesdad efasgically tallbkecafawmélgm defl ecti on
enhancenent nenber di sposed between the club head body

and a stiff face. The stiffness of the annul ar nmenber

is pr f t19e
e Feg&t)ﬁg%bétgtégﬁ%ﬁ?rgtgg@adt Bgs eggtetoan C’ﬁié‘?étﬂﬂfr%t al. é%%ued Dec. 11, 2001

. | NCr ease
argb0eited States Raremssoosmamto [Belomsteder altalt issuedNow. 12, 2002,

i@ it Celr bttt & n@ner T 8RR cinfige = oolf lub head

(pteTERiY pottar) @"ekslg?fedQMth b%&yrﬁ@ﬁfameiﬂsm ‘of careflpy definel hardness and
t hi ckness face wth step chan&es inmultiple tiered

rebauiat hes anrelgstingdly tam,red drgart i ebeeimpaet (L9
desi gned and | ocated to maxim ze the region of
uniformty of strike response - i.e., increase the

sweet Umted biades PatentdNo.i6)pa2,8490oiBemtlet elt adsisBaed Dec. 25, 2001,

, 8,594 rd et
G b BT itr Geb Bbedi of Fege Al discises pgalbdib head (proferably
driveh) Gdsigies] ARG Vfb&&’elésﬁ@ﬁm%rhﬁ?% dpp@)@tﬁ#g?f?\%cfacé @nd connected
maxi m ze dissipation in 1deal hits an ower
beafiveen jthe center of Hief faceranst thei backofithe holfberhody efdhe clubhead.
mention of spin, but the patent discloses an
elastically tailored face design. United States Patent

No. 6 lﬁﬂ%d@&té@l%émm ;854061116 FUlRA idsllad Mércfi@932002 “Golf Ciub
"Golf Club Head' discloses a golf club head desi

Fagerfrlexurg Gontegl ysteny” discingesast oell clunkead (rreferably o drlver) designed
WIiI‘PQ gﬁ%ﬁfgﬂ%ﬂc%ﬁoﬂﬁﬁﬁh&@ dupphritiFinePite dhd hridct between the center

of the face and the back of the holiow body of the clubhead. The piston is designed to
make contact and change effective stiffness in a predetermined impact velocity range.

United States Patent No. 6,364,789 to Kosmatka issued April 2, 2002, “Golf
Club Head" discloses a golf club head designed with an annular deflection
enhancement member disposed between the club head body and a siiff face. The
stiffness of the annular member is preferably lower then the face to enhance deflection
of the face at impact and increase COR.



United States Patent Nos. 6,595,057 and 6, 605, 007 to

Bi ssonnette et al. issued July 22, 2003 and August 12
wR0G/0eeEgpect i vel y, "Golf C ub Head wi th Hi ghPCT/US2005/046631

Coefficient of Restitution"édiscloses a golf club with

a face whose thickness is tailored to nmaximze COR

The f ablpitbd Statds Rdtent Nbi 64785603 laiunagaastahdssued Nov. 12, 2002,
B el SRR S Bhllre SoRbsTo) desioned i
va#able thitRhdss %cbl itk étbb'dPﬁnﬁ%é‘ i§ Iﬁﬁ'le‘tbeécf‘leél{lLess regions. The
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of the head and face during i impart a benefit to
feel adpited Steies P&teﬂmocﬁﬂ%@ﬁ tc’l\f@‘a?\’é‘i gjral; igsued Dec. 3, 2002, “Putter

flast | C’E&éﬁﬂﬁ&uﬂ t%bsdlé%ﬁ}&%ﬂée S@ﬁ%ﬁé%ﬁWéﬂ% BlcelifSert designed

ynam c es pons
foahBzintize elnmip‘aiioai indded] thitis an‘d folaesr hﬂaéshpatm in.oftpented miss-hits.

@'%eﬁ%ﬁiéﬂ 1004y SpiRyg A 1@%@% ucﬁcgﬁ}é Igagf @al\fgg@rﬂoreg face design.

cl ubhead designed with a ci rcuI ar shape cont act
surface to effect spin control, but does not teach

t he usténited Staten federti Ne1 6,692 68d0s\éncentital digsuedissly 15, 2003,

"SRR Tand BFRHFER A Sut SR hebd o it A QirBctifptaly supported

insert fdrinateasing iheaiarapingdi lvitgahmb psthelviib bansed by dabhst.
address control of spin by elastic/structural design

of the clubhead. WD 2006/ 069251 PCT/ U_82005/ 046631 8
SUMVARYhifdd Stked W?é\ﬁ'f'l\f& ﬁl@gﬂ? (1554 ‘r%ﬁfd 6 guts,r@fgﬂﬁ Bissonnette et al.

pertains to a systemfor the cont
isguashduly 2&; aeea aﬂdeﬁ\lhmlst 122003 sespadiivelys éGolflGigb Head with High

 CG&MBbhfof RELAULEY 85cibiSs ba5dir ciBB Witfl face whose thickness is tailored to
maximize COR. The face has a higher stiffness central zone and a lower stiffness

surrounding zone.

United States Patent No. 6,602,150 to Kosmatka issued August 5, 2003, “Golf
Club Striking Plate with Vibration Attenuation” discloses a golf club with a variable
~ thickness face (thicker central portion) on which is disposed a viscoelastic material for

face vibration attenuation.

All of the aforementioned patents deal with clubhead designs such that the
elastic response of the head and face during impact impart a benefit to feel and or COR
of the clubhead. None of the aforementioned patents has addressed the design of the
elastic/dynamic response of the clubhead so as to effect beneficial control of the ball
| spin. United States Patent No. 5,193,806 to Burkly issued March 16, 1993, discloses a



I ntermedi ate support of the face to influence the
progressi on of the inpact event between the ball and
Wohwod/eoest | n particular, it pertains to the daiTHS2005/046631
a face nounting systemintérspersed between the
cl ubhead body and the face and specially designed to
clbheéid diealgngdi with a@l'rcalarlshapeldonmmit sutface ugteffet spin control, but does

tio nd defo sultln from,.i ct. _Jh .
B RO s R BB R S G esbied bR RS ThEece is assumed to
béeigiciNNamdroas hitptd Radd Atte MGt a8 RSP @6ntHIQhrough surface
system under i npact Ioadlng conditions. The elastic
)

tra%neni? Phhe ce@tgpm bodies; hut nenediteeibt addreascontrol of spin by
e the ball inpact
e‘?%@‘ﬂf’?gﬁté’?(@éwd%@&a@w and directions). That
i nfluence can be used to derive beneficial control of
ball spins. It is well known that elastic tailoring of
the normal face stiffness can influence the COR of
t he cl ubhead-ball inpact. This invention pertains to
control of the system response in the transverse
direction rather than the normal direction. Control of
the transverse deformati on of the system can be used
to influence the ball speed, direction and
particularly the spin of the ball resulting fromthe
impact with the face. Ball spin is determ ned by the
tangential forces (along the face rather than norma
to the face) which arise between the ball and the
face. These forces are determ ned by the coefficients
of friction between the bodies, the normal forces
between the bodies (ball and face/ head), and the
relative notion between the ball surface and the face
at the area of contact. This last contributor (the
relative notion between the ball and the face) can be
i nfl uenced by appropriate design of the elastic and
dynam c response of the face under inpact |oads, both
normal and tangential. This invention pertains to the
desi gn of the clubhead so as to create beneficia
tangential notion between the ball and the face at
i npact by tailoring the elastic and dynam c notion
response of the face under the inpact |oads. WO
2006/ 069251 PCT/ US2005/ 046631 9



To denonstrate how tangential face notion can
i nfl uence spin, consider an idealized nornal inpact

wioeoe@a2a cl ubface and a ball, (i.e., the i npagTAS2005/046631
vel ocity vector is normal 80 the face) Thi s type of
impact will normally result in no ball However,

if the face is rmveSLWQR\fQHTIyIEdeEfg IOM i mpact by
i npact forces, then spin can be induced in the ball.
This spin can be positive or negative depending on the

dl r eCtTNél fésent ﬁtﬂr@ﬁﬂbh Plertafis 1o §fstehefor dee contetstiof the impact event
ke manner, face tangential npotion can

beéwgﬂn ﬂh% Qﬁl[ |agzd the cliiniaseniging slgstic aautsmgd?f thefang. Redy and

mt}@gﬂegjla\?\%er ép%é}? Itl‘g%g:{&%' t\f}epflﬁﬁﬂder{ﬁg c[{ra@e% tﬁéﬁrﬂpac event

betwiden tlaen oen@ndlthecﬁamnmmlcnlat iiapéntaingte tlnmdeslgnauﬂ a face mountmg
oG e b o BTG a5y ciesigne
to 'bbﬁéh{:ﬁal)y* ?]Hfhhgh ghé Ebﬂ‘%gg\gthl}glﬁﬁ%c Ztlog@ﬁ 'aﬁﬂ dbehﬁﬂﬁ%'h resulting from

impagtacthe epotsel of hgileamin ipyachievedhthreugh tspeclﬁowrslgmgaﬂthe elastic and

L

dydamres;mrfse%ﬂthe fgd ﬂn@er\/mliﬁct/@@ldm IQfshomﬁt@Hbﬂtmnce the ball

. onses and | nduced_ (or dim nished) _bal |
'mWﬁ%‘J_Z@SHEﬁn Qse@édvelecw@s, anch dirgetion Jmagtﬂt@ﬁp%gan be used to

de Uélb%gere%gc&ﬁw%?b%g%#e fcrease spins in iron shots.

n an alternate enb the design of the elastic
support, face, and body can be selected to decrease

rpactt S el kg i 3 BlofpiEof e nitRid feed s cgn influence

thed €QR bp el Cilibhaad Lisall AR NTTRA ThvEsliaT bbbtalrfs% ¢bhfrol of the system
al ong the face but still tangential to the face nornal

rewqr@@tm dhe trengversedirasliep rathesthan the nermaaldiirectien wentrol of the

traﬁévér%g g%ngéﬂbqﬁ") %@@%&qrﬁ?ﬁ%ﬂ&e é@@@:ﬂgggﬂgg%ﬂ I Sed, direction

and éplalrticrutaw thengpihrofithe bafeésuliliefrondihe irpars withrithe face.
dramatical |y effect hook and slice trajectories of
subsequent ball flight. The side to side notion can

be acpig\eih ErHéiéﬂﬁlr%Hﬁ iHe 15 Qﬁ idl Qoﬁ%ts"@gﬂ‘}lgrlﬁé ‘F?ée rather than

forces on e face an angen not1 on
noymnal tobe éac@)wmbarlsalhetweep e ba& andrthedace. Tnesd fovoss are

det%ﬁﬁﬂ{)éjy ?ﬁggeeﬁ%efp%@bg ofc zlncp ion %eﬁween {he 6’ editeg1 {he normnF?orces between
the bodies (ball and face/head), and the relative motion between the ball surface and
the face at the area of contact. This last contributor (the relative motion between the
ball and the face) can be influenced by appropriate design of the elastic and dynamic
response of the face under impact loads, both normal and tangential. This invention
pertains to the design of the clubhead so as to create beneficial tangential motion
between the ball and the face at impact by tailoring the elastic and dynamic motion
response of the face under the impact loads.



prejudi ce. WD 2006/ 069251 PCT/ US2005/ 046631 10 BRI EF
DESCRI PTI ON OF THE DRAW NGS The vari ous enbodi nents,
weaheneesand advant ages of the present inventi®gw/usiohs/o46631

be understood nore conpletel%y hereinafter as a result
of a detailed description thereof in which reference

wll be nade to the foll ow ng drawi ngs: FIGs. and 2
ventlon

wher o1 10 SRAOrERAE RWAanaeh A insdion ' Ry bflEte &in, consider an

Idéammmtﬁmpaﬁt b&eveinud clibferdd @lﬁﬁl b}baHQ Ofee%eﬁmpabheelomty vector
FIGs. 3 and 4 are detail

he b
S OFa [oaedASe bf THA (YPOAT ETRANGH NOHBRI: oo Sl spin. However,
if ﬁ%c@"ié’ pf(ﬂr%ﬁ t&hﬁéﬁtléﬁy dur thle‘ilg{p%ﬁ Sg‘tﬂﬂgéﬁafce%f #ispin can be

astic face nouffin man
indugrgbin ihe Hallc el hlslsm 081 he gositiverat @aﬁwe depeadlhgobn the direction of

tahbg 8P RGNS R o8 Bnber Kiedling” Ao ik Harpes, g tangential motion
ca‘nasigmf'Eéﬁﬂy infl16AES biak ispih dBovNer Hdidw Whéﬂﬁéuléltcﬁchh@wth K rigid

flexure nodul es and face interface in an iron;

in¢lingslfiecs i(fage axith ledt) sehere ﬁbwmmctcwamwa\eemrdmamb@thvnqrmal and
9 (conprising 9A and 913) is a
ta@ et?ragtco&l ?ﬂ%bﬁsémnt@dlg‘ used for sinulation of the
bal | - cl ubhead i npact event with tal I ored face body

elasti.gity, ball el astlc:lty, and _ ful
(conpr %&eﬁt@(’ spreerppyhe gesion afithe ﬁ'aﬁt@\ﬁéﬂppﬁﬂ@f ttﬁﬂé@ce (0" the

clic ogpb e T BUACHI YA ] L ol motn
behgesn tendeh et arsbtiesiaseds Briuced by the ball lmpact forces. Depending on
the elastic coupling in the system, the tangential motion of the face can be induced in
the upward, downward, heelward, or toeward direction resuiting in a wide variety of
possible responses and induced (or diminished) ball spins. These can be used to for

instance decrease spins during long drives and increase spins in iron shots.

In an alternate embodiment, the design of the elastic support, face, and body
can be selected to decrease or increase the side spih on the ball resulting from impact.
In these cases the face motion is tailored to be perpendicular to the dominant velocity
resultant along the face but stiil tangential to the face normal direction. The face moves
from side to side (heelward or toeward) under impact rather than up and down. This
type of face motion can infiuence side spins on the ball resulting from impact. The side
spins can dramatically effect hook and slice trajectories of subsequent ball flight. The
side fo side motion can be achieved through elastic coupling between normal forces on
the face and tangential motion of the face. All these cases pertain to putters, drivers
and irons equally and the term “club-head” will be taken to mean all of these without

prejudice.



11 FIG 12 (conprising 12A, 12B, 12C, 12D and 12E) is

a graphical presentation of the tine histories of key
woexoasreoesis in the ball to club inpact derived KOTOmS2005046631

simul ati on show ng A) i npacté nor mal force, B) inpact

tangenti al (frlctlonbﬁorce rel ati ve tangenti al
vel ocity tine HBRBIRF CR‘PTHQ&HOEpTHEtQMVW Sries,

and E) resulting ball spin tinme histories; FIG 13
(comprising 13A, 136, 13C, 13D and 13E) is a graphical

pr eserfthet varipusaémbodinients, features aed aﬂVahﬁgeBajf&hEtp?e&nt invention
[ ed from

Wi@ Bel i P%ﬂogl }q@%%lrf%:%le Y Legqnag% rca%@{@%g’tt q)foq] detgiled description
thér@oﬂrl Wﬂcﬁ%f@énéé‘@ﬁll g8 iooﬂﬁe f@!owfn@'cﬁé@%ﬁs. -

tangential face deflection, tangentia
velocity tinme histories, and E) normal ball velocity

time 0 4 14C 14D .
and 145571 o507 Ohfirat'a G5QRiS Agodert GE tag fiyention wherein and
eld’st@tmf)urﬁSs disposied RtWash ehé fdde ériius b8ay bf tﬁé ¢llb *élaéﬂé@ﬂy connecting
varying flexure angle derived fromthe

th%fﬁﬁﬂ rgtativg e fePRgYA) i npact normal force, B) inpact
tangential (friction) force, C relative tangenti al
vel oci t% time histories, D) head spin tinme histories,
and EFl esfﬂjandma!teadietaﬂq:d illustratioms ef an iren cluB@adlshowing placement

sidk gRElaoR e Sfn naftieuiAr einhpapRncat e Slsjio fafm Aunioa system and

eldsfichings olrterOI’a@bUb i mpact with varying flexure angle
derived rom t he sinul ati on showing A ball elastic

defl ecti on, relative normal face deflection, O

rel at C f.] t enti a .

bal | eﬁ'g‘?t%tﬁ &hq b8 ?e{es‘f%?f%i"'”ﬁ‘i‘iﬁt“}é} e Hﬁﬂ'%‘iﬁr jembodiment of
thevelastic punting nodule Toiean efdsticalhPsimsoriid facBg 16A, 16B,

16C, 16D and 16E) is a graphical presentation of the

time histories of key paraneters in the ball to club

| mpacg@y {;b é:ﬂ AP 7B Mustratd {ﬁ&r\‘f‘e%ﬂr% W%gﬂ& face interface

derive rruatlonsovvlng
in groirew;, B) [ rrpact tangential (friction) force,

relative tangential velocity tine histories, D) head

spin time histories,.and E) resulting ball spi ntime

hi st oF 28 (comprising 8A and 8B) show the clubhead and face with seated

flexures;
FIG. 9 (comprising 9A and 9B) is a schematic of the mode! used for simulation
of the ball-clubhead impact event with tailored face-body elasticity, ball elasticity, and

full 6 DOF;

FIG. 10 (comprising 10A and 10B) show further views in cutaway of the face
cap and flexure interface;

FIG. 11 is a schematic edge view of the facefflexure interface;
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(conprising 17A, 17B, 17C, 17D and 17E) is a graphical
WO #ee09ait on  of the time histories of key parBOEU085/046631
in the ball to club inpact Wth varying tangenti al
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of 1 e R et kEH hefatets [Tt talfto e tipadiqae from the
sirilatic Bﬁ@wu@ﬁﬁl) Eblpémrnﬁiﬁhabﬂirbe VB) ispdcy tdrigential (thc!i(brﬁ)SfOrce C)
FIG 18 (conpri si ng 18A, B, 18C, 18D and, 18E)

re'gi“&biﬂ”@&l"tlﬁ!‘r\é%l@ﬁi}a e rlmst@fle$ HR) head spindiras .héséoms kq,rgﬂ E) resulting
baﬁgéiﬂqﬁ'ﬁgr@s’cbﬁeé .he ball to club inpact with varying
rc

1'on coefficient derived fromthe sinulation
showi ng A) inpact normal force, B) |rrpact t angenti al

hi <t oF|@e13 (gorhataint 43R Ak 136y du0r4neL 19ERls prdptidprosentation

of fetithé 'hftﬂoﬁéé bf RV Baltdnﬁ@tef’é i @ 1941 to B indPact denved from the
(conprising 19A

B, 19C, 19D and 19E) is raphi ca
smmlém;hsmwm Abalt elastic deflectian B)aelative kl@ympht%m%d@‘legtwn C)

rolafsr EFaBBie! e EGHRCATE RN Rlibk AR ER Vel & tetdres, and E)

nob*&hl|b£|m¢¢|tytﬂﬂé|r%tbn&] B) relative normal face
deflection, C) relative tangential face deflection, D)

tangential ball CG velocity time histories, and E)

nor megchad 4 (é%i%éﬁ%m‘%g@‘@ gh@r H 39 adg ﬁE?% a grap%hmal presentation

conpri si ng
of {hedivam histories obkey parametersinstherbalido @iummypqntrvwﬂ'ewrymg flexure

e i1 SR ER il P BB ot angort

(fn(f:twn} forcB) Cl) igiatie tangdmal fblockty finf Hu@t&heé oD% ﬁea@)spm time histories,
relative tangentl al velocity tine histories, D)

and ) fesyltirg bak spin téve histades) resul ting bal | spin t| me
“histories; and FIG 21 (conprising 21A, 21 B, 21C, 21D
and 21E) is a graphical presentation of the tine

hi st oF st &(cdnwusm@g agA} 5B, 15Ct heDkid 15[K) S'&Qr&ﬂﬁhﬁlbresentatlon '
tgl%w in ce nass derlvedfromthe sinmulatio
of 18 %SJ ﬁa &Y Rarametae indbeibal to BBUbr'EP%ﬁqt\V\@tWﬁ‘Wﬁ‘lg flexure
anélé‘@l@g\éé’cfzﬂr?ﬁ?%@?gnnté%t}]c{rfglﬁé\gﬁﬁ Afé‘%&i %om g&ﬁ?&mn B) relative normal
face deflection, C) relative tangential face deflection, D) tangentxal ball CG velocity time

histories, and E) normal ball velocity time histories;

FIG. 16 (comprising 16A, 16B, 16C, 16D and 16E) is a graphical presentation
of the time histories of key parameters in the ball to club impact with varying tangential
stiffness {uncoupled) derived from the simulation showing A) impact normal force, B)
impact tangential (friction) force, C) relative tangential velocity time histories, D} head
spin time histories, and E) resulting ball spin time histories;



histories, and E) normal ball velocity time histories.
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objective of this inventionizo provide a nethod and
apparatus for controlling the ball spin resulting
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surface hereafter the face, relative to iIts pol nt
relafiver ARIMalifane deflewian, O)aelaiive tangantiabfaascdefiactioneD) tangential ball

O RERT N RS, A P Rl b vae by Errishibtoriss

conprises a nethod and apparatus using face elastic

decr 2%@%21%@5 G106 (8% 1PB; 18 1AG ST BEh e graphioal presentation
of ttﬂéft ERidiGri&S @%Hbt APFRKE t%g%%hﬁfﬁﬁ% B’ﬁﬁ 'lféfging face friction

pot ent I a I que | act et ween
coetfh@ehtedeh\tetbfrermthe SImu@mohca’rmmn@A)impapbmmWMIcforoayBD impact

cont act  bet nd. the face. e N
tanp 3l e SPRc T (Ao EE OeRDelvelpsty e fistaiiend) lead spin tme
hisforiee, and B reslngng bkl epinhetisiogeses) and those

corrponents tangential to the hitting surface or face

(hereafter tangential forces). The normal direction

can r e C n h I
can blge@‘ a‘ﬁj éﬁ?ﬁ%ﬂéf@ ? ﬁé’ ??ghgg%é?%%ndl c@%ﬁ b aﬁ)@f&a?ﬁresentatlon
of the tined h:sitorf&st ofdcey ﬁdraa'&aténsrmetlae bah td elubpimpdot \Aim:mrsuhg face friction

or heel endi n the face.. .
codfEnt AR o/l thASImulation SHBBTRLAY Bal SHastle datation Brelative
f
ot e 0t 1 U RAAF 8 e il
Vekmbtygafn@mtoﬂqs,u@d Binoimalttallsvelpgityi trae inistoties; a curved

hitting surface. The normal conponent of the force
acts through the CG of the ball and accelerates the

bal | FI@. 200 compaising 0w, 268.020C; 20D apdEUEYS aoérabhi%al presentation
ces act, at the point(s) of contacts between t |

of the inesigiaries orey ReERmetREdn the babbiq eubrimnast With Varying face mass

deri96d §dnh e simulation showing A) impact normal force, B) impact tangential
(friction) force, C) relative tangential velocity time histories, D) head spin time histories,

and E) resulting ball spin time histories; and

FIG. 21 (comprising 21A, 21B, 21C, 21D and 21E) is a graphical presentation
of the time histories of key parameters in the ball to club impact with varying face mass
‘derived from the simulation showing A) ball elastic deflection, B) relative normal face
defiection, C) relative tangential face deflection, D) tangential ball CG velocity time
histories, and E) normal ball velocity time histories. |



and therefore can be resol ved into equival ent torques

on the ball about the CG (affecting the ball spin) as
Wigelooe/aa92310r ces that contribute to accel erati onP@f/U$2085/046631
CG directly. The tangenti al3 forces induced by inpact

t herefore have conplete control of resultant ball
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rotational velocity of the ball. The torque overcones
ball rotational inertia as is well known in the art in

the Eulig hn%ﬁ&ﬂt@cﬁﬁﬁ%ﬁﬂv@%n%@@%@%ﬁﬁa‘thodénd apparatus for
Equations for the 6 degree of freedom (DOF) equation
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I's an 'S 1 nvention
impdot dmad mckmeed dmadrdj-zforrmatinn byd au!nsemjemtmomsp@mem contact

surfiie AREORAY thidScd. CBIARNS A0 fis PO GF LR WRLNe bRlhas profound
eﬁéarMe%ultUmélt spn‘%’éﬁd %ldﬁﬁles%f%é HeRbteitef tf impact resultants.

determ ned by a nunb factors |nclud|ng I niti _
Thig dnitianeeorspriserea m@ih@@ |&ﬁ'@l apparaiys using Ecegglastiand dynamic

resEBﬂéS?hataci%nh {)e(gr%a%g%ﬁ%%sﬁgdﬁéﬁ%%%m@f ﬁf%ag}hod can be

adagfted the cohtrol madopsmntmldlsndmt can be inproved by
tuning of the normal dynanics of the system This .

invention pertains to optimal selection of the

”eggsmgﬁﬁg th@h?cﬁ ' 'eﬁ‘r'lfbli@%%‘ @aét?x%%%éﬁ tﬂé b‘éﬁ%nﬁ'tH@ head there are

highi éereeniat éhe peint émrtmfarlthe anga)taf rcpnthntlbeyweermmi tand the face. These

for@ 1345 66 résdivet o Ridecmiaeti il thedfiide ipTing faerepgapermal forces)
andﬂh@&e@@im;ﬁb@nté Ehgeptiablo mérmr.g StrfaReorTaEE (hereafter tangential

defl ecti on between the face an he i npacting bal

forC@lsp}e Theworawd giraeticmesn bearbitmey in@mqe apd e t@ngentlal direction can
e $741 12 OSB3 APk 4l S8 oroes canbo up

the f?cfd oedownptoeherd @rf’ie@hrgéhm?tieperﬁfng @?ﬁe%bebﬁ@n@%&ﬁ and ball and
n o act . wi angential forces as

faod pitan o @cbet ese dimsins e seinad ralpte a erpegigommal and

tandSHIRA Blalrid) fof ARAVED hitfthg URabd™BAG ho generality is lost in this application to

a curved hitting surface. '

The normal cdmponent of the force acts through the CG of the ball and
accelerates the ball during impact. The tangential component of the forces act at the
point(s) of contacts between the ball and the face perpendicular to the normal direction
and therefore can be resolved into equivalent torques on the ball about the CG
(affecting the ball spin) as well as forces that contribute to acceleration of the CG
directly. The tangential forces induced by impact therefore have complete control of
resultant ball spin as the torque integrates over time to create rotational velocity of the
ball. The torque overcomes ball rotational inertia as is well known in the art in the Euler



vel ocity vector that occurs in oblique inpacts. Wen

resolved into the face coordi nate systemthe point of
woRtbaEEo291et ween the ball and the face is novi METHEE2A5/046631

in the normal and in the t®ngential direction. The

tangential relative velocity between the face and the
Eqpationsiforithe Brdqglsemof meedmm(ﬁ)cQF)geq@mnsgg motion for the dynamics of a
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tailoRNg o e ksansverse:slasiscue ey rquonaﬁeowwecomhead face during
&Qﬁpes bet ween two bodi es depend on a nunber of
actors including the normal forces between the
bodles the friction coefficients between the bodies
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ﬁ[|Jro uct of ~the Friction Coefficient and the nor mal
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dyrmmpsrméthe wsteme Tmamednoa oo toldgtirmal sitectitesfithe transverse
nitude as as, the direction of the
ela§téq ﬁ’f‘ﬁ?@@“g@ﬁb’@ﬁppéﬁe&mﬁﬁwpé?a%tvveen the two
bodies. In any nodel the relative tangential velocity
between the two bodies plays an inportant role in
det er o ae@ @omhtﬁlelﬁgaticitydﬁ adotydcame determiné thenferce time history during

 imegBaRP6IdEr 2 il o, b P B peRlpes suPhat g norma direction.

Duri nbhal impéct Oﬁ)rf-aﬁmueift‘l@e b@ﬂéﬁ@&cﬂgﬁtﬁ’a BM6WS nitite déflection between

all acts both as a force at the tangenti al

the &FQ%@W e {mradting ball de fave defanpsmyvaniomahe dinpacting ball),

o g el oo . el 5 5 Arospon

hasmerrmdnﬁmme oo firoetindhistorieml and the tangenti al
velocity vectors. This equivalent torque acts to

change the spin of the ball.
Consider the case of an oblique impact with tangential forces as well as

normal forces. The tangential forces arise from the tangentiai component of the impact:
velocity vector that occurs in oblique impacts. When resolved into the face coordinate
system the point of contact between the ball and the face is moving both in the normal
and in the tangential direction. The tangential relative velocity between the face and the
ball at their point of contact gives rise to tangential forces from the friction between the
face and the ball. If there were no friction between the bodies, there would be no
tangential forces and no change in spin of the ball from its initial condition.



In nost scenarios the ball is initially not spinning

at inpact. The tangential velocity froman oblique
wopmeewast wel | as the normal force act to crealr@I/ES2005/046631
tangential friction force that spins up the ball. It
creates ball spin since it acts not at the CG but at

the contact points between the ball and the face
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generally determ nes the flnal spin on the ball as it

Ieaves the face In this |nvent| on el astic design of
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for and ball spins. This is the core concept of the
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'In most scenarios the ball is initially not spinning at impact. The tangential
velocity from an oblique impact as well as the normal force act to create a tangential
friction force that spins up the ball. It creates ball spin since it acts not at the CG but at
the contact points between the ball and the face. So at start of impact the ball is
essentially sliding up the oblique face and the sliding forces act to start the ball spinning.
As the tangential forces increase the ball spin, in many cases the ball spin can increase
to the point that at the point of contact between the balt and the face there is no longer
any relative motion. The ball is rolling up the face with no more sliding (and no friction



This increases the relative tangential velocity

between the ball and the face and the ball: nust spin
wenoes/eeapitdl y to match this higher relative tamyamys2a05/046631

velocity before it reaches.16the rolling condition and

no | onger accelerates rotationally. In another
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muyséepinonpie rapidiydo metal thigi mab@r iglativsttangentia Veﬁ)cﬂy befors it reaches
the AN Edilitish LG Ho9Bngdr SEUSEESRAGHEAAY.

In another manifestation of the invention, the face can be elastically mounted
stich that it moves in the direction of the ball tangential velocity vector under the impact
loads. This decreases the relative tangential velocity between the ball surface and the
face, resulting in a lower spin necessary to reach the rolling condition.

It is important to consider the time history of the face motion and therefore the

" time history of the relative tangential velocity vector in determining the time histories of

-the frictional forces between the ball surface and the face and therefore the final ball
angular velocity vector (spin rates). In some scenarios the velocity of the face relative



forces on the face produce only tangential notion of

the face. These notions are understood to be elastic
waefoos/ermeiions of the face and not those associ #CIASWEID46631
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fo@wlﬁgrye@%hgte design of the elastic support (for
exanple by the tilted support described in FIGs. 2 and

3), this coupling can be nade to produce vari ed
uhd qrse notiomr of the face under inpact | oading,
-—uﬁ%&ﬁé— downwar d, heelward and toeward, relative to
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between the normal deformation and Ioads and the tangential deformation and loading.

The system is said to be uncoupled.

In the design of this type of system, shown conceptually in FIG. 1, the club
head designer need only consider the transverse stiffness and transverse response of
the club head system under the transverse loads and the design is greatly simplified.
The transverse loads are typically lower than the normal loads, however, and so the
available forces and resulting deformations of the system can be lower, all stiffnesses

being equal.



face and the ball and therefore a w de range of ball

spi ns. Face coupling can be used to create topspin on
wianeogadokst nul.l out the ball spin, or increase RUTRUS2A03/046631
spin as described in the ft4low ng sections.

Preferred Enbodi nent One specific nmethod and apparat us

Colupledichieving the effects described above consists of
a cl ubhead conprised of a face and a body wherein the
face is supported on elastic nounts in a nunber of

possi [ ﬁll&&ﬁ%é S’f‘égétia%e #f]&‘ﬁge ISARAGEs lri)?fdr? e sug)port of the face

relative Itting surrace ace
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deﬁgﬁ W EE ERSLIE buﬁﬂ?@ﬁ@fo?@%w@l@ {gh@e hﬁé&iguggoz@ﬂeémed in FIGs. 2 and

supports and e backsi de of face
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an%@?@r’egggéﬁﬁn ﬁ%@ggﬁg@ﬁgﬁ%%l 19 interconnection

ween t ace a to achi eve desirabl e
feel in the club head. One possi ble formof the

suppoLt. as d cri»bdaov s.as f.beans, [ri
o PPoTiis ToyBRAd can iy B ol bt s dRsigPRRID tiegting a wide range
of b“é[lUébm FESUISAPREAT ﬁmeciﬁ’fbé%? sindethé Ifacsé ﬁfbti%ﬁf(ﬂﬁfinétaﬁcé aper down the

surface to tailor the face notion durin as
clukyermbe easity @ntrqllqgh@sglltlrgdn g wg{earmetc%g?la@gﬁ nmtlons between the
facd 'aﬁﬁrthgﬁa‘ﬁ%fnacggggégé‘élv{ggg r%r?d?of‘ @'E*)lggatﬁag:%rb%% ing can be used

to dreatedopspia af thedhall ewil @uithe ball S|bihn es incrsase thertell spin as described
|n'pact | ocation of the club. For instance

mt%@lﬁ@r SSEURNS. act softer in the normal direction
al ong |ts perlphery In addition, the supports can be
arranged to allow only nearly pure translation of the
Prefegred Emboedimententi al .direction as

One specific method and apparatus for achieving the effects described above
consists of a clubhead comprised of a face and a body wherein the face is supported on
elastic mounts in a number of possible configurations. Under impact there is relative
motion between the hitting surface (face) and the body due fo the elasticity of the
supports. In one manifestation, the supports form an elastic connection between a
- backplate which interfaces between the clubhead body and the backside of the supports
and the backside of the face, FIGs. 2 and 3. The supports can be screwed, welded,
press fit or otherwise attached to both the body structure and the face in such a way
that they are closely mechanically coupled. In the preferred embodiment the support is

elastic and has low damping, but there s the possibility of introducing damping in the



shown in FIG 2. The beans, ribs or posts can be
aligned so that their nmajor axis is parallel to the
Wi 2006069251 of t he nornal inpact forces, FIG 2.PATU$2005046631
case these normal forces ar# taken axially by the
supports and transverse inpact forces are taken in
inteecatinagtion beheees tipptacesandhe bty tol achigvesdesirable feel in the club
h c%nfi guration the elastic support is in the uncoupl ed
€ “ass and normal forces do not produce substanti al
transverse deflections. In this type of support, the
bendi ng stiffness of the supports can be tail ored such
t hat t®re pagyjble foam ofdbe sHppert astiescabed gboye inagerige of beams, ribs

or g@&é@@%&?ﬁ@ﬁ i) i?aﬁétaﬁd1 tgﬁlbodﬁl%f'?hé%ldﬂ "i‘héJSU%p%rts can be

ern € naj Oor axes ca
dlgrfbgm:il across t['m)‘fabecsnrfehe o wlhmthel Ifacaa:modmn slaring m1pact as shown in
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coup ng bet ween ace nornmal [ oadin face
- stlffaa@%as edunelian efthethwagt lpcationof ihe cIUbf Fandnstange making the face

aof Bftanf 4t DfhaPGuich aibip e o BuBHECH 4hutdH 488 sHfBOrts can be

artahgetad ullewdbriy hicarg paratrdfsibaog of te fErsRi i thrfgié?ﬁial directlon as
notions_under 1npact loading. In particular the til

shQwpiBR!S &1 1 ow a normal force to create a |arge
tangential notiomin the direction of the tilt of the
supports. This can be wused to launch the face in the
par t i dinedreanas,gibst omposis can hiecatignaid| sn/\thagthe]r ajorexis is parallel to

the BT (18 SN TdRel T ceRer Lol s cRtR EsSayaal forces are
tak'éhl éxnélﬂlb)bme' SEBdriand fansvetrst M BE foRtds s tﬁk?h i Bﬁndlng of the

th act event when norna OTCGS ar e
SUIPFPD@ éclﬁaﬂl)f b’sthis configuratior thaiplastic suphertiisi theduwoupied class and

I Y WM T N ——
thel reriding tifffiesy etitherdupponietandse tdiloYéd sOchiHas thet n‘ﬂlal motion of

E)Jhere 1S, a ﬁ_&ellne separation of the face fromt
thejacriacts to eithardnerepse or klectaasedhediallsinas Wit betdsscribed below.

range from0.25 to 4 nm that allows for a |large off

center hit without any face tilting and
Alternately the major axes can be slightly tilted from the normal direction sc as

to take both normal and tangential forces both as axial loads on the support as well as
bending loads. This inclined orientatioﬁ shown in FIGs. 2 and 3, leads to coupling
between face normal loading and face tangential motion. The degree of tilt of the
supports and the direction of tilts of the supports can be used to tailor the elastic
coupling between the face and the body and achieve a wide range of desirable face
motions under impact loading. In particular the tilted supports allow a normal force 1o
create a large tangential motion in the direction of the tilt of the supports. This can be
used to launch the face in the particular tangential direction, allowing it fo return to its



contact or interference issues. There is also the
possibility of introducing nechanical stops for the
Wioeapes/ooeiion in either the tangential directi orPCTHS20054046631
normal directions (or both3 so as to limt the
defl ection and stress that the elastic nounts wll see
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ctur own in FIGs. 5 In this
200 NJparE Bus doigedné miintsif bR aeliarud rehgopskmipes
connect ed to t he body backing structure. They project
bel ow t he backing structure to a connection stage. The
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face. Normal direction | oads and deflections

40/&0e (foadpw/%mm rgwhgs t showse EnEIGS e 11.nAbis allows the mewnis to be

marfSturlead SR AsEohRRIF of 20 mm and 10mm mounting modules arranged such

that there would be 2-20 mm units on top, and 2-20 mm units and 1-10 mm unit on the

bottom row to support the face. The elastic support modules can be allowed to butt up

against each other. It is possible fo narrow the ‘moving' portlons by a few thousandths

‘of an inch to mm:mlze rubbing.



conpression while the outer beans take the inpact

normal | oads in tension. Both sets of beans (the
wores/o@sl out er) take transverse | oad i n bendi OI/TSE05/046631
long as the entire nodule 26 aligned with the nornal
direction for inpact loading. It can be tilted as

described previously to create an el astically coupled
_beam is connected from

R B OHE B & e Sl rd~Facksi de of the housing
formng a single el astic nount nodul e which extends

as a prlantIC extrusion in a direction perpendlcular
to thé thenprafemed eqhdidiraent, dhe afastio oveLntrmed@es{EMM)Econsist of

BB B0 QLA e Sen S Y A G, 5 ant

In ﬂﬁ@agangémfehﬂ @ﬁéemd on&oH\e@tlé o@fertthe rd=ans i conmted to the body
nodul e 1's i ntended Brow e3|gt nor mal and
baFkalF\@ éFTPPH—IrestTmNrFEQJ@C @lo“(:ﬂ)’\?dp%ikir& P '#(F*EE%BO g Gonnegtion stage. The

coﬁﬁ’@ctﬁﬁsétéﬁg?hﬁfg %%S rhova tﬁ??é e Hxﬂ??ﬁhtbmgebg?g%’ﬁn is attached

scenari os escri be
onmonstsidd.e Bestuse the eormnextiom stage insqgporiedehy twm beamsfgymmetrically, it

S ruct ral inteqrity,und that |0adi i,s, th .
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FIGs. 5 and 6 neets these criteria. W 2006/ 069251
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appr oxi nmat el ntial stiffness
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rerpiicUiTTo 155 Benfr Binciop cireflioR 85 5 ﬁwwaﬁ*fﬁ%? Ti& wodules can be

maHofeturad ||9@1Q§Hr@$6f Blctrgaell RiotOg ohatﬁgfﬂ&elirélj)modulanty and
the deflection of the ESMis (0.042 0870m1) or a

desighatifReRPeSxt r usi on of the cross sectl on show in FIG
5. The nor nal

The design of the elastic support module is intended fo provide a design
normal and tangential stiffness {(our coupled stiffness) such that the desired motion is
achieved under impact loading scenarios. The desired elasticity (described below) must
be met with a system that meets the criteria for structural integrity under that loading.
That is, the system must take the loading without permanent (yield) deformation or-
buckling. The design presented in FIGs. 5 and 8 meets these criteria.



di spl acenent is quite small due to the high nornal
stiffness of the design while the tangenti al

Wil 20pd/@cedtent under the quasi-static 2000N | oadPGMMUS2005/046631
almost 1 mm The challenge 3 this design was to
achi eve these elastic constants in a structurally
robust design. The materi al sel ected for the el astl c
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ocesses, such . as cs)l unge

machi or form r
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requi site strengths. The design presented in FlGs.
7-11 has an overall depth, front (face) to back
( conndéeichallengg of this tles@nnwas wlablraevmiaEkse)élaQﬁc oonstants in a

Ao T o i off g oo v

AARBV anateriah i iRt HigR sﬁéciﬁﬁ%tnfeﬂgm aid hithh GbitPsipess, "O®iér materials such
stiffness in the nornmal or alternaté€ 2006/ 069251

as pierl o528t dkmiumzalioyageid baused: dindesieombined hermal and
arBERAN o) el 258, Bl e Byl o 0 P i
beloat ﬁheasheldeatmlstfolaihef mat‘armcw additioe to ttrees PRI, Hie elastic support

mog G EES IR st e dlores vt RPKISHOH & (e Sblbiin under the
corﬁﬁié@éf \)enirr‘iﬂ!ﬁ:t fRfels. AndlPsib 2808416 BhatThe HURRRSy Iddd Adrgin for this

cond
design (buckhng load/ peak load) is 3.6 for this design. Thus the module meets the

~ desired elastic behavior without compromising structural integrity.

The preferred manufacturing process is wire EDM (electro discharge
machining), with standard surface finish. Although other standard machining or forming
processes, such as plunge EDM, could be used as long as they produce parts of the
requisite strengths. The design presented in FIGs. 7-11 has an overall depth, front
(face) to back (connection stage), of 19 mm, and a total of 90 mm extruded length in
modules of 20 and 10 mm length arranged in two rows on the face of the club. This
allows transiation_ of the fac_e up the club and high stiffness in the normal or alternate



A critical elenment of the preferred design is the
attachnments between the body backing structure, the
wicezoes/eweiict ure and the El astic Support Modul e R(HBI§2005/046631
In order to achieve the de3i gn elastic constant for

the system there can be no extra conpliance at the
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turimee tenditidn ésbestiribent belbe ie thiks sec¢tiarhen banganiial stifrassNyning
are designed with wedge shaped dove tails which fit
conditi8N%or r espondi ng mat ching groves in the face and
backing structure. A cross section of the face, ESM
and body nounting structure is shown in FIGs. 7-16.
It shéviticabelement of el prafemeE desigsis\ibe attaghmgats between the body
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the ESM and the fa nd body. The ES ave, beam, .
thesiniqrEacesestyeey she End arﬁiteﬁﬁ%%%aaﬁ EH%NEPH&?’ ThisdRtpligs that the fits
muE LA (pctoid)lyBoffied it EpERPIAE, dlabrt SitaeRcUggther so that the
systam acts exsta enitary hadyoignbttle ipday atr addidosabeempliancetaidbe joint. Inthe

f thickness i ation:. .S . appr | a e :

ories ot e, Sl g PR OF S ESN SR igned with wedge
shapadlioe: tilsivihiod fib #aocbereBsididing makchirggrovedimthe face and backing

angul ar deflection at the ends only slidin . )
stryGthres | AtGress $$Ptﬂﬁb°ftt5ﬁd’éﬁﬁ,i%$Mcﬁl?€ééWb AoUring stictupgds shown in
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FIGL 2981, AEPSOMLSo I ESS ' 8758 Sl to th backing
structoreeand Thefaoent Ehie tierfaddsarat be dieltbpemamantiysvitic epoxysor simple

material is only lightly. stressed. addi,t i pnal
sel{emys 1o prsloa e InfRaed beMeen G S and liiq BeRerd hosly.
allow for additional clearance between the face and

the backing structure at the outer edges of the club.
Thi s ThetESMs banedeane structyrasolcariahle thicknesssalong their length

t.he normal. l.oads are tak [ 0 ' |
coed 3 PRbyrba8 i BOSete i Bonbis 0 ub 5BAEARR0E] T feaur
thirlsthielbesarf ¢rRAaRthdlr Eddird ang thiskermntHdre veteslendd. Thistthse of thickness

two ESM rows_ and o . .
variation is appropriate to beams undergoing this type of motion, i.e., a classical sliding-
sliding beam boundary condition with no angular deflection at the ends only sliding
translation in the tangential direction. In this type of motion the peak bending stress is
born at the clamped —sliding ends and there is litile load at the center. The center can

therefore be thinned since its material is only lightly stressed. As additional design

features, the face is tapered in thickness to allow for additional clearance between the
face and the backing structure at the outer edges of the club. This is fo accommodate

highly eccentric shots where the normal loads are taken far from tﬁe locations of the two



appears slightly softer in the normal direction. In
the preferred enbodi nent the backing structure is very
wgi 1obé/o@nst provides little additional conpli araE/ws2005/046631
the system A central rib notrinally 2. 0mm w de at base
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excess lift in the high velocity inpacts. Nonlinear
System Modeling In this section a nodel for sinulation
Putter Appligatieei between an el astic deformable ball and
a clubhead wth an elastically tailored face support
between the face and the body will be described. The
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Driver Application

In driving it is known in the art that the key to increasing ball flight distance and
reducing cross range travel in high velocity impact scenarios is to reduce ball topspin to
avoid excess lift in the high velocity impacts.

Nonlinear System Modeling

In this section a model for simulation of the impact between an elastic
deformable ball and a clubhead with an elastically tailored face support between the
face and the body will be described. The geometry for the model is shown
schemaitically in FIG. 9. The system conéists of several components including an



to rotate and translate in space. As for the cl ubhead,

the body is represented by a full 6 dof (3
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Vi sco-elasticity nDdeIs and a single conpression node

Oy ST Rliially oLel W & i eiiPheap T 8E5R8A Read speed
whiclo ediridsdn Tontu With the bl ad e cxaﬁﬁeétﬁaék/avrﬁiééc | Thfﬁwa@ﬂconsiders

orientations. The tine history resulting from ese

co @ﬁ@r@gs inthe n@@al@ndgﬁﬂgeaﬁdadlr@ﬂgnam@eg@ the tengential direction is
cef4Yy 68 ik o RISl P 504 TP B i
C!uhmadlormlﬂtaims mweioemesrasofuell he te geometryesfithe face. NThe ball starts
'“'“%'B{e?fﬁéﬁ oL %"ﬁ&aﬁtm%%gt torges, Ad Lt%ﬁ@?{t%gmq%@urfafq%gduce velocity
to tHerbalhCE uedd spif S5dut e 8] Bl dbinpression and losses are modeled using
accepted visco-elasticity models and a single compression mode representation of batl
dynamics. The model represents a system of nonlinear equations with initial conditions
consisting of ball and head velocities and orientations. The time history resulting from
these coupled nonlinear dynamic equations are solved numerically as a function of time
using numerical integration techniques in Matlab Simulink toolbox. The model allows
exploration of the dominant effects in the ball head impact and its results highlight the
optimal design qualities and preferred configurations for a given effect on ball spins.
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nunber of case studies were preforned, varying
wozoasredoesis such as face nount elasticity, facCmes®05/046631
and ball/face coefficient ofsfriction. When not

otherwise stated the results are for a nomnal 5 iron
wWth 27 degree of loft at 10 gramrigid face. FIGs. 12

and és _Eresent the tine histories of the inpact
C IP®ns for 3 cases described bel ow. For _
reference in the curves in the figures, dash/dot = |

dashed = 2, and solid = 3. Dash/dot represents a
coupl édnimber oftade studidswere pmfoimedSivarying péesmetérs such as face

Knt = 5.5e5. |t {s. it .
R S5 PGB S TR CE e TTARSE A iRol ABben SRt otherwise
stdbed freslrastdteldre fdr P ominats Roh With27@egreieldfi 168 204D gram rigid face.
| ower transverse stiffness. Knn= 1.8e7, Knt = 0, Ktt

= 7.2e5. This systemcorresponds to an elastic nount

o | IOE12 8d 39St PR Y BB Fiobc? pifertons for 3
casd desorineddsslows For'refeyente frethe curves in thiedigures nddshidut = 1 dashed

_dransverse_stiffness. This verifies that the inpact
'épﬁngrﬁéﬁgr‘sﬁsuch as spin approach the nom nal case for
asb

iron. The nom nal expected spin is therefore

-6400_RPM The increased spin Case 1 (dash/dot) and
t he dPapb/sotreypsentsa codpled fagetawitb@tiffapss matris iinnire4.4e6, Kit =

) X . f or T
2.5 REFRLs s 508804 o i B3 BB ol anc
tangentiairdirectibas! Dashgd aaguith frent & epstefn Witk noeutgsivgtbut fower

[ orta{f and | ead to ttl]g expl oration_and tailoring of
trangETse SH Nessa MR {BaTn Kl mpihdfit =of. 26544 i sypterregtesponds to an
lsS5 R SASHRIGIoPD Y B nbl By 351 iy Weres ana

mnalofgesupmorting adPeagram facecritical in determining spin.
The face mass in this series of cases is 10 grans.

Solid represents a "rigid" face - very high normal and transverse stiffness.
This verifies that the impact parameters such as spin approach the nominal case for a 5
iron. The nominal expected spin is therefore ~6400 RPM.

The increased spin Case 1 (dash/dot) and the decreased spin in Case 2
(dashed) arise from the movement of the face from its un-deformed position relative to
the body of the club under the impact loading. The timing and direction of the
~ movement is important and lead to the exploration and tailoring of the mount elasticity in
support of a desired effect such as decreasing or increasing the spin. The timing of the
face motion relative to the impact duration and event is especially critical in determining
spin. The face mass in this series of cases is 10 grams.
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i ncrease or decrease in spin can be achieved with the
vwappoapsnest e face coupling. These results are MEF/YS2005/046631

sensitive to actual face tuRfng versus the inpact

durati on CaseNunbers: 1 dash/dot 2 dashed 3 solid

HeadVeé\ sightﬁﬁenmhy:rem cr3let9edd: i&%pﬁ& can be achieved with the appropriate

Bal | V ] oc:| é 130. 028 127.08 @ﬁ? th
“l?a?‘r“t 'lﬂ‘ﬂch JEEHILS 209 Yy sensifived s I tuning werpus the impact
duBgldnLaunchAngl e(yaw) (deg): 0.0376313 0. 159735

0.0747685 Ball Spin(top)(rpm: 8327.01 3198. 94 6410. 85

Bal |Spi n(side)(rpn: 44.6463 125.551 68. 7056

Tangential Stiffness (FIGs. 16 and 17) A series of

cases exploring the tangentjal stiffness tuning in the
Caaebiumbefsl cases Th¢ thdastl/dote cgsbdashedCase | 3solgn =

on7 pt—= 0 {dash/ dot) The—si-i-ff-ness

oot

FoY PO EPaY ¢ ?EE?e«&ﬁéé by: CASH48 it/ 2 [89dfed)

*Z2 (SOl Ktit asi/a
Baﬁ@é&nﬁ%ﬁ)i Ktt *32 (gggg%lqne " |1c%736§§nqent HJ?S%QS
Ba&ltaurfomlgle(aw )Idég) RGGBVHWZSl F’QE/ PEgD05/ 04 56875228

Narbet Head-\eloci-t-v—Lnph) 80 48
Baljgnins gieévgwﬂgsgbg BOTTBAD vell 1597 H0ron, || 69747685
Ball@ginBBR)(Fhh): 297 126. 58827 6A- 2974 | 3198.04 6410.85
BallSpin(side)(rpm): 44.6463 125.551 68.7056

Tangential Stiffness (FIGs. 16 and 17)

L

A series of cases exploring the tangential stiffness tuning in the uncoupled

cases. The baseline case is:
Case 1 =Knn = 1.8e7, Ktt = 7.2e5, Knt = 0 (dash/dot)
The stiffness variations are represented by:

Case2 = Kit/2 (dashed)

Case3 = Kit *2 (solid)

Case4 = Kit *8 (dash/double dot)

Caseb = Kit *32 (baseline "rigid tangential stiffness case")



Bal | Launch Angle 16.7354 23.1676 15.7433 18. 4742
18.5917 (elev.)(deg): Ball Launch Angle 0.064 0.2062

wa B284/860261. 07313 0. 07265 (yaw) (deg): Ball Spi rPCT/52005/046631
(top)(rpm: 8406.61 2845.1128206. 93 6691. 47 6658. 87
Bali Spin (side)(rpm: 62.7807 151.819 41.5697 72.12
69.7804 It is evident that there is a tangenti al

St iN‘ ness Ry ){f‘C'”‘ repa-A-zes—the ef*.e:tés teath g
Ca[s% Lncreased bal| 'spin. Th (,g | ogi cland analysis of tlhe
Headyaloeitt(ma®):  hi st 894&s | 5 8vékri beBW® ow. | 948 he | 8948

Baﬂ&e%ﬂft(ir@h): STITTNag6785 [[0OR41058V (G 407, | MBD6a61C | 126.404

ponding-to-the frictilon

AT ct-Ho
FWERA Y Re bal | %@ﬁihe 12RJE76 S AP iR ot 139748ss || B-9917
(elb\o)tde(gétnd the face is Iight - 109) [the face speeds ﬂp_

BallEéUrf&h)Anﬁ!é‘” EXCEEYD6h e JPFSsbzat ‘6'03‘18‘7”“0.'9 15 \'3’0.6’?265
nslating across the fgce - resylting in|lreductiagn
(ya&f B®e bal | spin, Wen tlhe tangemtial stiffness

Bafl Spial(fop)(pmpses t osme toz&ﬁﬂn ng mmtssalt eemms t Ne6658.87

II g G0 e e hen
BaSI cé iﬂ(e' |!|mact| evenq? 1 1%& ()\‘/Ilz\r56 -'Iaow,g |1 f neds 69.7804

nmeans | ow face response frequency for a give face
mass). This effect can be used to decrease the spin.
If the tangential stiffness is about right (cases 1, 3

|11 usty gtevidert thatwerdls a ?A?@@ﬁhébétﬁ‘fﬁé%bltﬁﬁﬁw? wm@w midkmizes the
face noves up the club at a velocity a littl'e sl ower

effepts leggingdotinereaseaed ballispins ohvetagip andtanalysis of the impact time
hls‘fﬂjﬂ,gé ggé%ﬁ%}lbbg%ﬁ the face - so the ball continues to
spin up ITe the 1 [ '

ace is also noving up the cl ubhead.
The tangential stiffness and face mass is such that

the f rlnsbakvvhlle he bal | acti
ongoi i{ﬁl 35 WA\%B nessisdAa vg(?@ﬁeha) a thedl @rmms upward

raélgfygr@? oﬁcﬂng 'ﬁgmé g"féﬁég?&;ﬁﬁ@éh Eﬂ%’ﬁﬁﬁ antﬂﬁtfééﬁﬁs $ﬁ1|§e the stiffness is
love (and ﬂ'@:facansihglutm 10g)ethetfacesspeedqaum;2i6@6drﬁ5@ﬂﬁbds the speed at
th%T{h qp éé IS Pa%%latmg across the face - resulting in reduction of the ball spin.
When the tangential stiffness finally causes the face to spring back, it spins the ball up
again but its too little too late by then since the impact event is almost over (low stiffness
means low face response frequency for a give face mass). This effect can be used to

decrease the spin.

If the tangential stiffness is about fight (cases 1, 3 illustrate the range of
acceptable values), then the face movesﬂup the club at a velocity a little slower the
speed that the ball contact point is sliding/rolling up the face - so the ball continues to
spin Li'p while the face is also moving up the clubhead. The tangential stiffness and face
mass is such that the face springs back while the ball impact is still ongoing (still have
reasonable normal and tangential forces) so that the face springback increases the
relative tangential velocity between the ball and the club face and continues to spin up



the ball well beyond the normal anmount ( -+3000 RPM).
This can be used to increase the ball spin over what
woozbetogesiur wi th a conventional untail ored fadeCT/US2005/046631
nounting. If the tangential 25tiffness is too high

case 4 , the face tangential notion doesn't matter

tférbalhwelhbq)amﬂd theanermal@naunt (cas¥900t RBMba| This siandeupsed to increase

4Bt e BV S SRl s rounung

the baII is essentially rolling up the face with no
slidi nlgtat the face/ball interface. s the s
r

spi n rihine @ngential stfiesais ';Pocfagbdp%%& 49 herfecs ta .tweéﬁ!al motion
d@ﬁ' Mattet B |§¥ﬁ§| 15&‘1’[” &% EASKE She BRI sﬁﬁ‘fémspé | Pﬁl the ball rolling

'i'ng™ spin v ue as ace tangent
mgtehesiing lmgem:a! Welghity compenept bamtesst ﬂ'néﬂzaﬂwd tiueg”ace and the ball is

depends to first erder..on 1) .ball e f o
eiebfinfiraifhd U Be BcH R R Sinh At th8 THotrbaf Intdface  This Is the same
spimesie that i |s %ﬁiéélly éél@ui%@é@mrtﬁémﬂér rﬁbé@l@gT'h@ éy'%ﬁem spin resultants

tangential loading as well as the degree of

anpaﬂg@lhthl%i rojlingd ﬁn@ vaiye a8 tlae facfeh@gag@@tralaﬁiifﬁa@s&mts;bwer and higher.
by very conventional (uncoupled) flexure
arrangenments. This would consist of a series of
el onga'Ermjom[meumffness rangé degehds toofisst srdenmpm) balivface friction

conffet Gl DBee doft Bnd i asiliae s, albeseafatethe Taoe response
tinﬁg?}ﬁé Wﬁr@eﬁﬁapﬁbﬂﬁlgé—s WEII l:@1tHe dEifed Eﬂmié entlal Ioad:ng

ctions are not too large (approxi mately
the baseline and 2 mmfor case 3) which is good for

desi ' til | f
these THae LEMSRESY bal el difey VinisariBhtondLffigo Biea) feure
armrmn’mrw Fhisavouldcaiit lof byserlBesafadonddied BREGRI or rectangular posts
taniumor steel alloys, other potential materials

SUEBQMQ the faerplt ceitbalsodie Hang sieellinseriscatmpumber of locations. The

sokbircilde e LSl LT 5G|,

next few paragraphs a series of cases expl oring the

descr Tedenaphlal e sia Mok ion 1 aad appiRgmately 3 mm for the
baseline and 2 mm for case 3) which is good for design but the mount strains are still
very large for these modules and it is desirable to select materials with high strain
capability. Besides the normal titanium or steel alloys, other potential materials could
be shape memory or pseudo-elastic materials (iike Nitinol) for the modules or entire

face assembly.



FI Gs. 18 and 19 show the effect of changing just COF

on a 5iron (27 degree loft) all else being the sane
Wioobdie9tsmo cases shown. The friction coeffici @UI/ES2005/046631

doesn't have a dramatic in¥d uence on the ball spin in

this case. For given loft angle the spinis
rel at il0dhg neﬁts’éave paiageaphs 8 seres oh cawrst expjodng the effects of loft angle

RS, hed is 0.8 - very different
a nplgé?@é%é@ﬂp%gd%%m%%sl s simlar. If the face angle
i s changed from 27 degrees (5 iron) to 47 degree |oft

anq -1 f the COF is increased from

i or present with the | ower

Ioft |rons/clubheads can be recovered even using the
same stiffness. This is a COF readily achievable with
a sandlGsaldemndsif shaw theraé‘ecfe@fmngmg just GQFhen d Hiron (27 degree

ol 88 bR iHelsar i T el SRt Tod et St meient doesn'

haverxg@'ram&ﬂc ihfigenderon dise Ball spidsinlthis dakehiFBrey gﬁ/éﬁ%ﬂ angle the spin is
velocities/ at the same_approxinmate ratios f ace

relaiyelx ingesisitive t@cfrlﬂi@‘ssm@ﬁment aRgshidobis Q8| and da@aeda@ 0.8 - very
dl%@ﬂ%%@ghme‘ rRUER id %@H@ngl e clubheads with | ower

escri bes paraneter (relative
face/ball tangential veI ocities) that should be

t d f di f
O B datd aibRuPRapgst siom 27 ebthas oo A goaree loft
(mbb&krg a A a%%l)—f He GUFslsﬁﬁ&'thQd fidn6! r2' 1%50 gf *Héri fkSehavior

exam ni ng fect of nmss increase of
pregent wifh t Qﬁﬁp\&e'él@ﬁ inns/cdubheads @a:abefred:d\med e@eneusing the same

58l Srio 808 ool AhikFdEBhs 4 3850 Blaghd ASBe. Tho roason's

at hngbm ioft angiﬁftﬁéré iChoverfate mhﬂé) fort@bihd hlthﬂtaﬁbentla! velocity. The
fac ?1t iff ess -

higpr res,qygtln i ﬁggen f:—;ﬁg@ceat%r@fs gnd gqsqllqsﬁg Eh;gher)@‘gce velocities/

at t?ﬁ??saﬁ?%gu a3 doﬁ)éﬁll%gjof ?égé] b n;\lﬁéﬂfeﬁ@&ﬂey%adﬁ%ﬁﬁeﬁhai velocities as

is feund imiheslower Ioft axgledldbhazadsewih idmértC@FSo nt. !maldesi:abes a key

par%?ne%gr 8ela§|tv«'aff£&§l%all tangentla?vélo%s) that should be maintained in designs

for differing face angles but similar desired ball spin effects.

Mass Variations (FIGs. 20 and 21)

In this section, a series of trials examining the effect of mass increase of the
face will be explored. The cases are as follows:

- Case 1 (solid) : nominal & iron (27deg) - face at 10 grams similar to all previous
analyses), stiffness - nominal, COF 0.2

Case 2 (dashed). loft - nominal, face at 20 g, stiffness - nominal, COF 0.2

Case 3 (solid): loft - nominal, face at 20 g, stiffness - x3, COF 0.2



Resul ts and explanati ons bel ow. CaseNunbers: 1 2 3 4 5
HeadVel oci ty(nph): 89.48 89.48 89.48 89.48 89.48 Bal

WO 2086/0@0R%ly ( m ph) : 126. 374 125.401 126. 093 125.PROI/US2005/046631
125. 833 BaHHLaunchAngl e(el &v.) (deg): 15.904 17.3999
16. 6756 18.8698 16.5546 Ball LaunchAngl eéjyavv)( ):

Capech (Uembédauie dsgo doft - ooated favecat 2076 St ress7—3>gg COF 0.5

cogis; St gé‘?ﬁ’%ﬂf f%?.ag%@(f?é%‘ﬂ% 38 -Thpnar: S0P gs e

58. 7473 45.2584 An interpretation of the results

foll ows: The nom nal cases have been run with the nass

at 7 grans. Dash/ dot is nom nal with a base stiffness
Re@hlt&ﬁaﬁde glé}%tﬁ bt t = 1.08e6 Knt =0

(uncoupl e his iIs acconpllshed with 24 1.5 cm | ong

st eel flexures of square cross section at 1.5 mm

A A Thao ot HEZ - =0 ] al + a

PO I 1mTUS, T II’JUI IIl. 'JI U 1 U I UU N O.l. I O l.l <

Caélelg\uHEfb%ﬁrf vel ocit1\:/ pl ot % FILG 21 C._Wen the 5
Headyslgeitv(meh): sur f acleM8I oci | §0-4oes [&.9%ro | B4Rl i 9948
Ball\l@%&nt)f(rﬁﬁ'l)r e att Ve 1581s04 T T y1Edore e igial atg28sl {11825 833

stface—has—gone -t o i
Bal 8‘1"1°Fﬁ'§9*%(ﬁ8" Ylgo)+ [55:90¢ noﬁk%gsucﬂi?iﬁgt 1?@8'&%t 4p-5546
BailpainsbAigie(yeot)(dsbY P 047 1288 (.0GB8T | 0.0483663 04B476P | OIOAE7321
Balﬁﬁfﬁﬁo%l?’%ﬁ)’ L 9054!? 2%“ T?éfg.z(:)e' < 819? fathe ei&?()ﬂ(ﬁé;’t/ i‘a'gﬁz.az

WNW start] ace

BaliSpia(sifleMipptt i ve of| 49Hi797 cur86778nd | 4P-2#68h (B%.&473 | 45.2584

I mportant than head position I determni ng the Spim:
As the face reaches its nost upward point and starts
Aniirjerpretatioovefithe destltssfoflewat i ve vel ocity increases and
it starts to try to spin up the ball - this is
evidenced by the rise in the "Tang Surf Val" curve in

ThéhEmidlCdeeb Were boen raidwith theRfast @89 Yraais.| i ne). This

spring back keeps the ball spinning up and is the
source of the increased spin. WD 2006/ 069251

FSL/ Hggtglﬁ)@ég;é%ma?%ﬁhrh 95&9 ﬁtf@]éesté{qgnlggrﬁ?ﬁ a(fi?ﬁ%%ﬁﬁ Kit = 1.08e6
Knt = 0 (uncoupied), this is accompilshed with 24 1.5 cm long steel flexures of square
cross section at 1.5 mm thickness. The most important plot to look at is the Tang surf
velocity plot in FIG. 21C. When the tangeniial surface velocity goes to zero it implies
that the relative velocity between the face and the ball surface has gone to zero, i.e., the
ball is rolling and the face Is moving such that the contact point is not slipping. FIG. 21C
"Tang Head comp" the face moves upward in the first haif of the impact then downward
starting at 1.55 sec. The face velocity is the derivative of this curve and is much more
important than head position in determining the spin. As the face reaches its most
upward point and starts to move downward, its negative velocity increases and it starts
to fry to spin up the ball - this is evidenced by the rise in the "Tang Surf Vel" curve in
FIG. 21C between 1.5 and 1.8 sec (dash/dot line). This spring back keeps the ball

spinning up and is the source of the increased spin.



to be roughly tuned to the inpact tinmescale so that

the face can spring back in the second half of the
Wio9aee69zilent . The cusp in the dash/dot curve CHER2005/046631
"Tang Surf Vel"™ graph in BXG 21 Cat -1.8 sec is the
effect of the face slowng down as it cones to the
furthest downward extent of its springback. It is

\ . X oAl ¢ . e . '

ocbur Jgereh tplsTbags, ' Sohe BRNGIECHAES st 96 WP e ingential DOF
to ﬁeawgh{yetuhgd It?] /ﬁg& ng;%i@étdn?e?dates@ it éhleaa%@ céiy epﬁﬁg“ly: ??ECK in the

as .|L.n S ou e Ine 1.n In In
S%@n@)h.a'fﬁﬁzh% irdRaet %{Weg‘ %@@@e ipfhe @aglé@@hguwrbmé@ang Surf Vel"
. . ;

orSTFISPH O s 86, I oy 19 ld gl i 38Toomes to
furiihest dovenwardrepterfitaafdts sprivigback. this important that thds end of springback”

fad Slgiod bebe e Bl e of il Qitierisfieh ft Mows freyball spin before
thd Ball fdaves the f@@@ﬁ i thB&lashitublReast fie IFPSaIESSRBINSIFIA! 21E).

up after the rol oint 1s reached. This is because it
is noving nore slowy -it has a |onger tine constant

ot | e Esld e (Gt S PRARI S KBb Y Thgrea{l the face mass
to 2ag allidsafsosambe ront thet tand Suﬁr}/él'_t tplﬁit ﬂ] mc:;.om C figeeens that the
Wi e larger nma

lorpg Tl et Stk adus the tads, ekl I 4ake lansies i Spredup to match the
balPL s Seihs rblifg And4b 'sWBFE@bﬁFﬁbamg:g{Bﬂgﬁ it Lbddtathat the

the spring back occurs late in“the
heavier stassesiowa spin yp pftenthe ol paintds reachach e Thigds becawse it is moving

38ttt s PhEF iPie. st S 19815183 SR cdmSspondingly stower.
Thé haiiespée dpiattodouss whilefit i8 rbﬁiﬁ% o tﬁléafét@% is abdacidtad with the face

oeﬂlly asmall effect but it did spee he systemup to
acegeraiionntSippathe aecalaationstare nopas highhwith tbe dargeemass (and same

G S g e e e oo
in thet thef $prirgebacicecarsiatetin the impastemdtherdfers s aspleaty of time for

th %g,og sqin - testifying to the robustness of the
CHSIYR . CRIIDEB6/ 069251 PCT/ US2005/ 046631 33 Case 4

(dash/ doubl e dot) took the | ast case and raised the

COF to 0.5 (the
In an attempt to speed the system up, the stiffnesses (both normal and

tangential) were increased by a factor of 3 (solid curve). This had only a small effect but
it did speed the system up to the point that the end of the spring-back occurred right
before the end of the impact. This allowed the oscillating face to de-spin the ball slightly
before it left the face contact. All three of these cases had good spin - testifying to the
robustness of the design.



expected value) this had the effect of causing the

ball to roll much nore rapidly. The rolling condition
wos2086869e51at ed with | ower friction forces so thECT/HEX05/046631
is accelerated less dramatBxally up, leading to a

nore rapid spring back relative to inpact timng. The

nore rapid spring back runs its course and starts

]9 ?IC glt ?%fﬁsté A %ég{g&ﬁlﬁ?lé %Qetggk ﬁ{)e h%g ciagg%@@'rgisg %% dé‘lg to 0.5 (the
expbetedoatus)sthis hbtiehé Bifett dijatisingrthet balmoﬁbﬁm% llﬁore rapidly. The

dash/ doubl e dot). Case 5 attenpts to fix this
Folf“é@ GPA 'H@nﬂ%aﬁw@eﬂwﬂmowfmmfm%go mﬂ:‘@cewaccelerated less

dr&nétrcém%ﬂd o ﬁﬁ?o E kfé’ﬁpld Qﬁnﬁé\})faf: i§é’t& iﬁ‘?ﬁac& Bfhing. The more

face
ragidisprog bachwsnswts lcodrse amtbstartsrdecmlempag tbedhrbyhe Iead of the impact.

f ce, Movi.n " "
it tibtor RehiB R tead¥ o PELPREHERORalHous M e "Bal Spin
ploe s FIG] 21 & Ydautpdotisiedot).ng in little to no de-spin. It

appears that the baseline stlffness |s an accurate
value for even a larger 20g face. is al so

7 oo 455 i e, cor

even as
= (nfs Theddéa wastiodswar thesstiffnkes sblthabttd facenvaduld spnng back more

slofiganit yaltel yiher-{ This wo 'osﬁgevlﬁéy'ﬁ%ﬁ%m%"r@%% 8ifjah fiotion keeps
the@é@étmé\ﬁgé u War@Bh8 ¥ncy i? Fﬂ wers t | Vbﬁ?%tu[‘rﬁ?éﬁer the impact is

describ erern are on

essgenfighy pver@@uﬁmis.liﬁle:tmmjde@pym the scope hereof is
not to be limted by the above disclosure but only by

the clains appended hereto and their equivalents. W

cl ai aaﬂean@-thbt/ﬁ;elbas%lﬁ@s‘uffﬁb% |§‘§ﬁ%c€ﬁfdt@9§lu@foﬁeven a larger 20g
ball hitting face and having a top, a sole,

faceo it is Alspaighificantthabiie QQR af:tbe feee dida Cb@mﬂ e¥emgs the mass
|n0|‘3>*asle@‘5‘5’*l’f p%éﬂgfé @’é‘é’ié‘r AR L' WS EIPARSS PaFAE R RE'6 kinetic

face and.
energy.

Having thus disclosed various embodiments of the invention, it will now be
apparent that many additional variations are possible and that those described therein
are only illustrative of the inventive concepts. Accordingly, the scope hereof is not to be
- limited by the above disclosure but only by the claims abpended hereto and their

equivaients.

We claim;



surface of said body for controlled tangential notion
of said face relative to said body wupon inpact of
said head with a golf ball; a planar backing structure
behi nd said face and substantially parallel to said
face; and wherein said at l,gast one flexure nodul e
conprises a folded beam having a face nount affi xed
to a first elongated fl exure beam and at | east one
backi ng structure nount affixed to a second el ongat ed
fl exure beam for tangent crlalgigasti c novenent of the
face relative to a fixed backing structure. 2. A golf
club head defined by a ball hitting face and a body
having a top, a sole, a toe, a heel and a rear

ur f age; e, hea rising:. .aL. | east one flexure
Toaur & ool 8Fip De3 BARRALY 11 Thing 3864 AR 5 e e isbiho a top.
surface of said body for controlled tangential notion
sole, aotPes%i?‘&ek%ﬁfgaF%?ra‘-N e't%'e&ﬁaﬁl RIS Ebon i mpact  of
said head with a golf ball; said head conprising a
pl ur alet tapsbeng Hexire neodifie ineipgsed behwesipeiid dacenendsaid rear
said face and said rear surface of said body for
surface ohsaidlHosly foracmdelled tangsntishmofion shsaid ffacserataiivattosaid body
sai d body upon inpact of said head with a golf ball;

upon impdc3& saihkesd withacdolfisalll f | exure nodul e conprises a
fol ded beam having a face nount affixed to a first

el ongatshdrlRiking shepfirabehid dtdfdceir] aulidtdrtanbarallel to
nmount affixed to a second el ongated fl exure beam and

said fab8; &% d body for tangential elastic novement of the
ace relative to said body.

wherein said at least one flexure module comprises a folded beam having
a face mount affixed to a first elongated flexure beam and at least one backing structure
mount affixed to a second elongated flexure beam for tangential elastic movement of

the face relative to a fixed backing structure.

2. A golf club head defined by a ball hitting face and a body having a top, a
sole, a toe, a heel and a rear surface; the head comprising:
at least one flexure module interposed between said face and said rear
s__urface of said body for controlled tangential motion of said face relative to said body
-_ep_on: _impact of said head with a golf ball;
o | said head comprising a plurality of said flexure modules ihterposed
between said face and said rear surface of said body for controlled tangential motion of

_.said face relative to said body upon impact of said head with a golf bail; and
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wherein each said flexure module comprises a folded beam having a face
mount affixed to a first elongated flexure beam and at least one additional mount affixed
to a second elongated flexure beam and to said body for tangential elastic movement of

the face relative to said body.



