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wO 2b0sahghsef the Invention The present inventi oprT/US2004/026461

pertains to the field of advanced sporting equi pnent

design and in particular to the design and operation

of a golf dub 10 head system for control of the

i npact between a club head and a golf ball. 2 6 JAN

2007 WD 2005/ 016458 PCTI US2004/ 026461 2 BACKGROUND

ART Cross-Reference to Related Applications 5 This

appl i cat | METHOD ANIPAPPARATUS PORACTIVE CONTROLA!
Patent Application _Serial No. 60/494,739 filed August

14, 2003 and U.S. UQR PLFELUBIMRAGT cation  Seri al
5 No. 10/915,804 filed August 9, 2004. The present

i nvention pertains to achieving an increase in the

a&ild of the Inyeptigngi st ance of a golf club( e.g., a

driver) through the application of controls

techni ques and actuation technology to the design of
t he cl k2 Presenidnyenlien ipedains i ﬁe%@fcﬂﬂymﬂdssmmg t he

y - - A

1 SSpmE! AhiOTi) Ve 46 91 desidiid ottt 2 goff dud
10 Theadsysism fergantal ofithe tepack letweanEaiulbsadyanda gplibsi.ve
systens; those which do not have the ability to change
15 any of their physical paraneters under active
control during the swing and in particular -during the
I npact event with the golf ball. Typical passive
performance inprovenents such as head shape and

vol une, weight distribution and resulting conponents
of the inertia tensor, face thickness and thickness
profile, face curvatures and CG | ocations, al

pertain to the selection of optinmm constant. 20

physi cal and material paraneters for the golf club.
The present invention
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pertains to the devel opment of an active system wherey g JAN 2007

critical paraneters of the golf club and head (for

wexenphessur f ace position/ shape/ curvature or qidethiMkRreist
coefficient of friction, or face stiffness) can be

sel ectively controlled in re€ponse to the actual
state of the physical head-ball system Such states
can be head 25 velociiy,..] rce, intensity,

i npact duration and téﬁﬁ@@@iﬁ%ﬁ| ocation of the
head or relative |location of the ball on the face,
orientation of the head relative to the ball and
CrossiReference tpRekated Applicgtippscal deformation of the
face, or any of nunerous physically or electrically
measur abl e conditions. 2 6 JAN 2007 WD 2005/016458

PCT/ v pli0Zhctbdlains pHErit) Fome UL S1 Preeitidsdl RaténieSpmication
of controls technol ogl es and arti

the fiel in ular .
SetipkNe. AQIISH7 38 Tled AUokFisie ROBE e Y-on UtiPatentfaefication
I i f h t . See f
S30, SO0t0s AN WFhslPzoBh systers. See Tor
Vi bration Academ ¢ Press, San Diego, CA 1996. A
partjicul ar erir‘oodi ment one,  cont r ol

f 5 Led syst
el i B3 prESSTt dIVERORGSTIAR tRACHIEG 2 SRS NS AcsHracy
akdf@is®hce of g CRINIALE, 8 @fﬂ?ﬁﬂ% Wg%,l?ﬁfth@ BBpRcHtiohdflcesitrols

systemrelies on changi ng ective stiffness of
te_p%@lquag @ndoaddeatiarolechnplagy tavfterdesign phihe cluine Theekave been
mgily %@kﬁ%rﬁé&go&a i ysats WP R LG MeddURANS ifiF4ét dn the
enér gy harvesting and/ or ~ sinhul taneous energy
ataurses bhd distance whithas tolédriocan athievec HEmeseahawsy/typieatly focused

o 1 655 Oreosvmcumetts Isonoh o oS sbilyd Hange
o GGl el a0 e cyRBYING 0 oo SR

ey L Aersr e e
MRy Sats s RGeS sbadong JOL e, Srait Astlange 3 suting
cSRP6Rerts ®F thalInerfa aEbr Facethidkrred emd(iPidkhebwgidiite, face

each having the ability to deform at i ngact, and each
cygiURgs RO ?%G irssticas 2l Perkin ining srlpelion Ok piiseE congiant

Pl BhalrfeL ! paREblTer U adibior d erSodt inventian,
pdrddihs & the gevdiapmentofart activepsyistem swiese anticallpayametars of the
golf club and head (for example surface position/shape/curvature or effective
coefficient of friction, or face stiffness) can be selectively controlled in response
to the actual state of the physical head-ball system. Such states can be head

: veloci’ty, impact force, intensity, impact duration and timing, absolute location of

the head or relative location of the ball on the face, orientation of the head
relative to the ball and swing path or parameters, physical deformation of the
face, or any of numerous physically or electrically measurable conditions.
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20 substantially off the face of the club head. The
i npact results in high forces both normal and 7 6 JAN 2007

wbangaitdsgl to the contact surfaces between thgfwaeuso26461
and the ball. These forces integrate over tine to
determ ne the speed and diréktion, forming velocity
vector and spin vectors of the baII after it |eaves
ace, hereafter ed the inpact resultants. i
ThedbB Hpartis e ton eiSups e terial coaaly REMPIREES and in
paPHcRie dth RErbNGH éigsﬂ@sﬁt@rﬁtdc?uéﬁbn%cﬁﬁﬁo%% hadiopo|

mat eri al properties and dissipation rface friction

algasdhms foresiiak syistaiys.nBeeder @ramplae uller,tGrR.etal., Activa Rontrol

of Yo ReASGiHle R SATASGH WAaoPa. & edifoie’ subefifont o
onemhtr@llé& dysteim redes bﬁ fHORARCEortR? ubhgﬂﬂtraé.brﬁ@mbrémﬁ(w&oh)
control over the inpact resultants. For exanple

Ay Eﬂ"%“%*ﬁeﬁm‘?%m@ﬁﬁ SEPRR R Rentrelies system seliespn seanging the
eﬁébﬁ\fd@st':tﬁme‘éélo‘f Yhe'tR6ab %SPHBHH@P@ {.S [{e"rﬁé\'kzgsem

Ion SO as to create an
inviention iatep reties bhdhe oondestvet prezbb&dtm énenggl hamadhagandlor
decrease spln

| f
Sin A REU SreT e VS GRBIaEb R aronol DechakarySRe
P:esédiéiéétrré gﬁ@r"qu%‘i“@ééﬂ Ns g@b&ﬁnhhs%lwgﬁ; e Péat@ﬂ?é“

forces and rmation catln

1SN 8,572 2.7 OB BO5H50. AT 318 0% B02 569,963,

am t,_produci ng a decreased flight
’mgﬁgggﬂrﬁrﬁlﬁ*hg‘l nbodi nent, the position
and/or orientation of the face can be actively
controlled relative to the ball and the body of the

cl ubha aeactRatweep tiaei bal and e head ganibeHntaspreied th terms of
BB B RGERY AR R REch Tk Bl nsies

andyotatein spaaetiien guicd dbgimcbff&edoh'a(m@ﬁ) Uuuilea,geach having the
e Y BAsar o e el oplod B8 Sibeta
terhbres)m@ Npi&aﬂﬂmﬁ’ﬁ c%%ﬁﬁi%h%r s efeiios wétﬁfhaﬁf BaM bﬁd %h

the face "or angu ar accel eration sensors

velgpibhheagh sapadiingribie ball et lacoarbaps eceenide poist aeb%tantlaibr on or

suﬁ%@pﬂhﬁl&eﬁt@%gg%) ﬁ%g&%ialh%ﬁg% Tl‘g]%%mﬁa%ﬁf Pé@lﬁg?r%%h%fjces both

normal and tangential fo the contact surfaces between the 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 inciuding elasticity of the two bodies, material properties and

- dissipation, surface friction coefficients, body masses and inertia tensors.
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I n anot her enbodi ment, the effective stiffness of thgeﬁ JAN 2007

face during inpact can be controlled so as to produ

wa 2003/0ec48$si r abl e i npact event. For exanple, gdiAus2004/026461
system can be designed to rrg_llf(e the face stiffer during
a hard inpact and neke the face softer during a |ess
intense inpact so as to tailor the face behavior 25

undgpnidier th%??;gﬂ%gﬁ%éa&? OGN 51; t%'f e ‘é%(ﬁ Bk- ac-{t}éﬁl

can be acco exa e,
compfdlad@nngstheéww’tyresaltlpgem eetneaneamrercﬂ rmsdtrobmvenﬂhe impact

ol R R A O R B e TR B
ultrrmdnicaﬂ¥ vihgRdiundes s@he%éaetamhheawm%nasaﬁaﬁd éﬁ‘eete an

fective nodulus) when it is open circuited. A

effe%twebf loser Figtion mﬁtm@tm@@@ea@twaimmeefa@eqawm in

defeBREN shffVted fhd RREEL might Gk i & GRS goption js

prasleat @aec‘éhchltnggm&mndttima mightrbe Ih}ghsh@aid bdll Rnﬁadﬁcbtcé@q&nd
WD, 200 /016458 PCT/ US200 /026461 i ezoel ectric

larg.f fofrpatinn) elpdicsiing 'gfh@elp&wa agtidiere fpe muc Spin

co@@fc?é‘éte@xbésé Sél‘ﬂotynahﬁ% rcﬂu& 4 db&RUEEY filghe distance.

pi ezoel ectric In circ |ted condition an
therefore |l ess stiff. 5 The trigger can be prOV|ded by

b
TR, o BERGRlerE B s Bo B it oiDehde, oan be
activiely @ntkdiedaelationto ey baPARRER HEKELT 1R fa;lweddémsdnhe
t ransducer prl or to the tri gger1 ng event.

pregigtamired epndition 59 apde clrata & hatter mreieﬁatm ef tbeéaeﬁ-*rmhe
balffor oS R R B e ?oiae@ﬁfcé"’sz&bi%b%y RErleapat EEb nead
rotanomdumngacnémrm rrm;gam eednishiCrire sicicviggerng cohditibradight be
highlyeenicoAAct YNt (of Ceniesits) BALe bp Selriad By«
defbAnSHOH 56hsdr8®nithb ade gfd% q;ugﬁ oefe rhfih 88hddbin thet Body.

actuate the syst emin manner. Sl nce
Sugfeaensoicignals cauld he mrocesssickini deigrnsips themecessarg mqiidrsof

the e B BonRRhYE e R0EEL I ESufba g iBone  rmchan cal
physical attribute. The present invention pertains

principally to nmechanjcal_ actuation techniques.
in another embodiment, the effective stiffness of the face during impact

can be controlled so as to produce a more desirable impact event. For example,
the system can be designed to make the face stiffer during a hard impact and
make the face softer during a less intense impact so as to tailor the face behavior
under the impact loads to the particular event. This can be accomplished by, for

example, shorting or opening the leads of a piezoelectric transducer which has

been surface bonded or otherwise mechanically coupled to a face. The
piezoelectric is softer (low modulus) when it is electrically shorted and stiffer
(high effective modulus) when it is open circuited. A sensor attached to the face
can measure a quantity proportionat to impact intensity (e.g., face deflection, face
strain, head deceleration etc). In the "hard” hit case, the normally shorted
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United States Patent No. 6,102,426 to Lazarus, et. 3(@ JAN 2007

di scl oses the use of 20 a piezoceram c sheet on a

womfoiss its dynam c perfornmance such as | i micirit@oos/026461
unwant ed vi bration at hi gher, speeds or on irregular
surfaces. The disclosure nentions the application to
golf clubs to danpen vibrations or alter shaft

. stiffpes r "to affect.its head!. 25 United
piegbblsqi gy B5 opb] Btk DBE meg o hiE gt s resu
in fheaeUR ledling e pidzesibaie i i $158t ifculiedZpgtian ahd

sheets on golf clubs to alter stiffness and to effect
theselgr{RssiStiff. of vibration. FIG 9Gillustrates the

pl acenent of piezo elements on a golf club head to

capture strain energy to be dissipated in a circuit

f or The ddggerriancbeepriozided (B dn ARIREGen¥d AUHHhR DTS
. PCT/ US2004/ 026461 6 ni t ed Stat Pat ent. No
PiogORES TS RRORIRAHECD thafaresiealcpy Higomgad i of the current

hIERAL0SI 4d ' ' )| As an
o DR pIE A foSErort B itk iobt Blor Bftne iderig el A
exdmple, sifcdtrytiteusingthe piszaéleciricslement asd gbargp $ariser can be

ettt top ARl bordpBdd Wity Ba Bl BRLR e BiBeldls
cirddif ¢zAP8 tiggéréd ahiaMdiscHRRARNE TR 1884S fran ik cliculvgl sitsctively
Vol . 38 No. 8, (1993) pp 1019-1025. See al so K. Adachi

‘enfgfeing thergpenceWhe@Miiitnsm of Friction Drive with

U trasoni c Wave", Wear 194 (1996) pp 137-142. 2 6 JAN

2007 WO 2005/ 016458 PCT/ US2004/ 026461 7 SUMVARY OF

THEA IcktiENTél@Nemhef theability to cortrdlitee bpidhead impact ia the ability |
e.contro '

t f h .of th t b
to 4iaeBahe Salent rea BeuBToiaLBRem S aes the Pert 3s CELALe &
mehathiBal $y2%8m, hiPesisjls e 8ppIREA6S oF b&ﬁletfﬁrdﬁrtfﬂ tgﬁfﬂﬁﬁn%d@gy

i
progression of the Inpact event between the be )
to thasystare solas lparestew ehanga insemaimeshanicahRhysiaat attdbute.

Thé B?és@ﬁt FRIEREBh %%rtains principally to mechanical actuation techniques.

United States Patent No. 6,102,426 to Lazarus, et. al, discloses the use of
a piezoceramic sheet on a ski to affect its dynamic performance such as Iimitiqg
unwanted vibration at higher speeds or on irregular surfaces. The disclosure

‘mentions the application to golf clubs to dampen vibrations or alter shaft stiffness

. or*to affect its head".

25

United States Patent Nos. 6,196,935, 6,086,490 and 6,485,380 to
Spangler et. al, disciose the use of piezoceramic sheets on golf clubs to alter
Stiffness and to effect a dampening of vibration. FIG. 9G illustrates the

placement of piezo elements on a golf club head to capture sfrain energy to be

dissipated in a circuit for a dampening effect.




and converted to electrical energy fromthe mechanigcal JAN 2007

energy of the inpact event. Such reuse beneficially
woQuisraéssst he i npact event. In a particular pcT/wS2004/026461

enbodi nent, the energy converted frominpact by a

pi ezoel ectric element is 10 @onverted into ultrasonic

face deformati ons/oscillations which have the ability

bot WG Hleia Pt Siila hiARA1E A WenderBlt R § the use of

piertetiietlavidegeo stifféd fiRSshatf oftah§olP cRBGIRP @BEEJﬂi nbarergy from
under inpact is controlled to a certain behavior upon

the igwinging nelflexing ofghe 4B8%r mi ned i npact  paraneters.
For exanple, the face is made stiff under hard hits
and soft under 15 lower intensity hits. Al these
cas efhgsstaiof rédugng frietion dsingeultsasomic viboatondgaigdugsed by

KPES a0 PR st “Aduertiga & FRRher Usidtuteggiis vigration”

Japenass Jelirm o afh@é:&?y YRRIHSNS 8 (PR bt 1M®-e0 28t Sesdlso K.
. energy to nechanica eneg%¥ﬁ These include 20 -

Adachi et shdiedviiccomeghanisn stien Bisivevgthilltrasonis) Waxg”, YVear

' ion technol ogies using electric and
14%33?@??@£ﬂ%§%ﬁ@% fields to effect material size

changes; electrostrictive, piezoelectric,
magnet ostrictive, ferromagneti c shape nenory all oys,
shape nenory magneti c and shape nenory ceram c
materials, or conposites of any of the above.
I ncl uded i n the possible actuati on schenes 25 are
thermal actuators using resistive heating or shape
menory al |l oys which use applied thernmal energy to
i nduce a phase change within the material to induce a
resulting size change or stress. Al can be used to
convert electrical energy into face defornmation or
face positioning in a controlled fashion. 2 6 JAN 2007
WO 2005/ 016458 PCT/ US2004/ 026461 8 In such a system
using a pure actuator there nust be an electric energy
source, battery or other electrical generator
converting notion or inpact energy into the
el ectrical energy which is used by the face actuator.
The system can include a power source, electronics,
and an actuator nechanically coupled to the 5 head.
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In a further definition there is alternately a cl as§ ¢ JAN 2007

of systemin which a transducer is coupled to the
wbOaows/0164s8r ansducer i s capabl e of generation @ict/us2004/026461

el ectrical energy from nechanical energy as well as

vi ce versa. Exanples of 10 tfansducer materials

i ncl ude el ectronmagnetic coil system piezoelectric and

el ectrostrictive [l r a biased
electric field, ﬁmpﬁﬁkqé‘%ﬂéﬁg
magnetostrictive materials and ferromagnetic shape

memory alloy materials, and or conposites of the
abovﬂ"%'ﬁiﬁeﬂh%@ﬂ%ﬁe'@@méﬁ@rSY&} qritipe gestrol of flag npact

R L

pasitidnl o propertmyto trefluemice nhasrdgrﬁssmm of tﬁ?nmt evr:mt between
0 SUC trans ucers, the transduce
th§ Bl e SPeR! ARG JpSriaine e ToUSH 6f sroy gaperated

ari@PédrRRriel thitfeic HRARS RERIhE hRSdhahial eﬁ@@?gﬁf M ifPact

can be used via the converse actuati on tion to
eveoht Buth mb@neﬁcnaw@m&ab‘rtbahmpami roa particular

act r re the st_comon of the .

engp SRR Wb i S e Sty REER '%cﬁ'we%)ement s
cobilenee irtbAMtradorieRReRforihtatRPBlJsellafbRsWhich Have!tHe aibflit
conversely they generate charge in response to applie

efiestvgly dpwersihedgstionrersfficients hsdweer thabalhang the face. Inan
alt%#ﬁaﬁerén%dl%fgnf &\{)Srétlﬁr‘?é 3 tlhép —@C{L&l%& %@'under {I’{IpaCt is

ener at or |nvo vVes
cohtmlim tha ctekte:rhlaehémrd.lpmn thamceneme of preuetwﬁwmedairmgact
chan rope he |ch i.nfl uences, the
pararatars. Eob vamiels, Tas ke s Tde HHbURGRT (R P 280 Sod under
ioWé@uﬂ%ﬁdﬂ?’Fﬁt's 1A thBse fc§§@s. éér%h % BUteR drivEReihd iéns equally
control acts to apparent i ncrease the nass or

andrelvie-headiwit! e teken tmmern alldxwmeaelw@hm;t prejudicgg t he
same force on the head that a mass at that |ocation 30
woul d put under that particular face notion. The

apphedate=etuatancdrebapny ofd numbe?fdf ectuat@isycapblet of
forces which mimc elastic and di ssipative as well as

conygiting flecirigal prerayteymeoganioalnsigw s ghese include
t t = :

oK SRR 0304 s LRI oI Y B P
techmotogies ulsmgpeleqatuciandrmdagﬂeﬂctnh@c&d ftelds o aﬁfebtmmiesialrﬂgjze

the velo ecetrofth then it wo
chnges earapidive, Bz oehlso fagnstan s tredrestrisbe
metidry alloys, shape memory magnetic and shape memory ceramic materials,
or composites of any of the above. Included in the possible actuation schemes

‘are thermal actuators using resistive heating or shape memory alloys which use

applied thermal energy to induce a phase change within the material to induce a
resulting size change or stress. All can be used to convert electrical energy into
face deformation or face positioning in a controlted fashion.
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create a viscous danper at the center of the face. ¢ g JAN 2007

Simlarly, if one could apply a 5 force which was
wes®enhéas | y proportional and opposed to the dgfine@bismRssst

of the center of the face, then it would look like a

spring applied at the center8of the face- effectively

stiffening it. Likewwse if the force was proportional

and ,in the rection of th def ection.then i u

ool Rkl & Rl sl B ABEr 1o il o8 Sh bl fbroy
sduRés, ToRfitery oebdther biecaical @Qﬁér‘é&brﬁﬂmﬁ@ﬁinb&ﬁ@tionTbﬁ:mpact energy

actlvely controll ed system 10 (if one can control the

infodhe @lectderl emerﬂx:wh@hys sEed by dhe fappretvators TBesysiem can
méll]8§ a%ﬂ%é?"%?uﬁéﬁ d &fﬁlc{rﬁéoég gnh t%npe tL‘.i’Q(%SF kr%%ggg%%ny Eﬁléﬁ\@g {o the
h@ﬂst emeven if some other constraints prohibit that.

The idea of applying sone forces that mimc other

types of forces that 15 would result frominertias or

TBsIR % fuhgepa@rrn@&; frievd o alfé?nae‘em a%:a‘se I §§sﬁeham HiEh a

be applie I'n such control syst'ems there” can

transgucenis cophlasidortvé fadenA triepsduceanie capsitie oégpneaﬁlon of

elordieel ey EBUmBRtRric ansRab e FRR eicd Paine, HEftioge br

irdris@08sr MatchilE inBRee éidﬁﬂimﬁgndwsdcﬂmybmqﬁézééléﬁnc and
sensor and the output force ap gl i ed the actuator.

elwir%tmswewa%t@rlalsmﬁramg vdenapiaged @iﬁ&tréc figldgand madnetic

fefy B g etod 80 RPN Ko R Y fpry oy

mgenersabnd ar eambsdgmaﬁﬂm amsiefmm ihenissblesaordbtirer eonstituents.

eci |caII cturec rol for, elastic s
RRE il et e e i masgialy GeASaly @nadhe negief the
wcfrﬂ%ﬁﬂﬂ’é/otn@%éﬂ ‘ b%ftaR@ﬁ‘b@‘EFﬂll'i}ﬂ:{ SK dyatdtfis effploying
resul t [ ower e fec ive coefficients of friction

subbttmducekre thedransdugeeelenemé can bei cdupladiesthamfaee guchythat

asfitlnr ma ot PR Grnd B AR Sherb et an e used

vid e edverde d610ates furlclibh @ corlthblaspeeskdfige hbadcbmtaarmct
lowers the effective coefficient of friction. @& Z

JAN 2f U7 WD 2005/ 016458 PCT/ US2004/ 026461 10 An :

act

oAt 8 el A el
materisisn Imigeheldl ghef chenge sizedh eespransaltoiapplied electnc fleld and
conversely they generate charge in response to applied loads and stress. They

can be used both as electrically driven actuators and electrical generators.

Control of the impact involves putting forces on the head and/or face so as

o beneficially change a property of the system which influences the impact
~‘event. For example, if the force applied is proportional to the face acceleration,

then the controf acts to apparently increase the mass or inertia of the system. It
does this by putting the same force on the head that a mass at that location
would put under that particular face motion. The applied force can be applied to
effectively create forces which mimic elastic and dissipative as well as inertial
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If the excitation occurs at a frequency at or near

resonant frequency of the club/face body, then the82 6 JAN 2007
wanpisionesde can be nmaxim zed. 5 In scenarios syeh/ia20@/026461

golf ball inpact where the normal forces are high

during inpact, the key requi?errent Is that the

accel eration of the face away from the ball during

folsef T o Yl R theCoR® AU 4T S8y b Bl were
to Heepr@poﬂioﬁalaib tha viefodity ep@rddpesitly the velteity @t awpléritardef the
the oscillatory nmotion nmultiplied by the square of

fagadho et SHOCHABBEL 9 2 GRRITESL e § % BoRiGH ST i Bgs 2nd
h
créétglﬁ {is @é@éhﬁ)ﬁ@étath%ﬁ:le?ﬁ%e gf?é)facﬁ llgfll oﬂt ¥ glﬁe could apply a

stem nce OSCi |
fora:etwdamle Wesysdsentidipnorepodional andbpposhdtatbesiefleetion of the

oI TP B ok S bR TS e

faé@%ﬁécﬂﬂ@l%ﬁét:ﬁ@iﬁ’ihgw dekeviiae iffthe%r@ewas prapBRIdal aﬁa R¥the
bal ance these to maximze the friction control effect.

direstior phihsl deflection then ibmeiuist lool likeBawigative spfing ta@plled at the

ool Bhe AR el s BN QIR TSR S0 TR hfratied system

(if opelzdccdntrol ﬂ!@ faﬁde) atarpmirdlid meny difesaritidye@mic effects in the
herei nafter. %ysterrs where an external source of
E

sypiéier The Ch@ﬂerw%lﬁma ¥elop R \icHANS FYSIEREWBICEY AP it those
yﬁ trans uce%@%ﬂ%‘gtéy he Tac 6 eggzﬁn Hﬁﬁ%srdd rﬁgibltﬁgaﬁ‘

returned to the face in the form of ultrasonic
os TSR AL BR Y Pigchbri o ek TG oty hsts s darces that
wdule réd N TRsH GErtiad B? rr%l%@é@%s %ﬁ@ rﬁ@’uﬁis@it% cbf‘"thé 'T@m’é@ that can

transducer material itsel for exanpl e in the ch k#
besapplied. iim sulke calatp@dystﬂm%ﬂ“@re can pegro@bicary iphasetelatianship

beffesr F2epHBaToRe S plERN ok Po i b Bl ftilegey

dependerti rEsﬁehﬂa!I}em conliviot furatien ehe dera iraddror noplipésddyramic
the transducer. After a triggeri ng ef f ect re%eases t he
syglgat Bgtwesh samne sepsrandihe iRyt ferseranplind by theactuatpedin a

s Ry R s i) SO ARTEN s ddneor uturs
andfpiute faroes gn rtlmjboéys to atlieverparne dasired ieffiect o“"ématfa:ttergeneral

bet ly\ﬁf D gesyg ems on rgf I?a(?':dfmcn% specq’rcahy,tstigu%tu contlro'l Por

e!astlc systems and is well defined in the art.

Ultrasonic, or high frequency, oscillations of contacting surfaces can result

. inlower effective coefficients of friction between the two surfaces. The

oscillations must be of sufficient amplitude and frequency such that the surfaces
lose contact briefly during at least one portion of the oscillation. This breaking of
contact lowers the effective coefficient of friction.
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the i npact event such critical point in tinme bei -
weebesmiendsby a control algorithm The face osqdi@hi@ameist

and controlled friction result in a control of ball

spin which can be sel ecti vel13p triggered under certain

i npact conditions (such as high inpact force |evels).

5 Th j L I .
ppl 37 BctuplotbaBled BRAE YRR B ol toféteé hion
fretpidreytasoifiatioh bhtheface wheat drivenositt highdreooenes eleftrical input.
ffect.g Y.el § soften the face by increasin %he duration
I e e¥ritalion BeUrs At AdERALenY 4 A REAt AESSaRBRLTreHiuaRmG the

CIgae Al idh PR dmiARLAE Ebh 0B mARRbger bal I 10

defl ect sults in reduce I'ssipation by inelastic
deformation of the ball and i ncreased recoverable

coerPeoPRRes dfn 408 B peeryaRie HaR! BLris are high
duripigdfmipace 3he key vfuh@inent iisBRE the 8ORINEALIER BY 81d ReeiaWdy from
el ectrical enerﬁjgtgcan be di'ssipated to decrease the '

the el ciuring tarseillateey metied shaglsldie kighieaongh thatghepall cannot

"Bl oGP bRt [hioRSa ” ' dckeRraton' S oirfiphdo the

am;alii_uu@ osmmdilmry riwetiten inaltigdie g bntiges square dfitlag e_xoitétwrﬁ

flrdur|n_ eurr‘pact eyent thuys cpntrol_llr]_gl;the exi t .
RUCBEY. Shisran b cengideredipiiowsiaf nggritaf {igydesign of the actuation

syg@hﬁ.r Bﬁﬂ&?h??ﬁ%ﬁ@dé Bﬁogéile[’azi'oggért %ne \ét?iu%fécf é’ys@érﬂ‘?@ﬁdé&ggolf off

I rection determn or ces “gener at ed

duerte sylstem ineriiahsffiects, trare és adefdeoifidictween dfivingeat highesr

e S AR NE e sy PRERBI SRt i iRy ahfigure of

mérittallpglbalante dibselte mMdtimizd iHe FEROEtonttd! effeél. tF & exdniple, in
this direct control of ball direction, indirect

the prafeard smissiiment ofdbe insasar invantioachwes seung advantagegus to

ox$8 8 BEE LGB ROPE RSP B! B on rver

deactitvesy bereinefieect i vel y positioning an actuated cl ubface
during inpact in response to sone neasured inpact
variabl e such as |location of the inpact or angul ar

acc e ysbindRvittre i8R 668285t peWer is not available, a portion of
the energy of impact (converted from mechanical to electrical by a transducer
coupled ta the face) can be stored and returned to the face in the form of
ultrasonic excitation of a high order face mode, high frequency oscillations of the
face which are well coupled to the transducer. The energy can be stored in the
transducer material itself, for example in the charge stored in the capacitance of

~ a piezoelectric material or it can be stored primarily in auxiliary circuit elements
- such as storage capacitors or inductors or tank circuits, etc, which are electrically

coupled to the transducer. After a triggering effect releases the energy, an
electrical drive circuit can be configured so that when connected to the
transducer, it induces a high amplitude face oscillation which effectively reduces
the impact friction cc_)efficient between the' ball and the face at a critical point in
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eccentric inpact). 2 6 JAN 2007 WD 2005/ 016458 JAN 2007
PCTI US20041026461 12 Forces can also be applied 208

woheosmaessst o minmic the effects of a higher nomaANtS2064/026461
inertia. In other words, the forces would be simlar -
to those that an additionalllmass at a gi ven | ocati on
woul d exert on the head during inpact. Such forces

. ! ° neat aur . €
tirfi Buifig i AR Subih dle bR RineS REDaop RS o
conltral alyorititbahbdacy esdilkatdon SHECCorrbllel ridtRACebDIt 118 Bontrol of
bq@Ct Lon Wt h a reaction mass. The actuator reacts

SR BiRIGTheahbe gelgrtivaln Biggesse under eritaln impadt sapitions (such
: ity M ni M zes head rotation under
a%ﬂé@?@fog@év%%)effectiveI y increase the nonent of
inertia of the body and therefore keeps the face

el St b ekt e
fa?é pRipctidndlitd facdetobfdh. PHG éﬁﬂ?o?r{i’%te (ﬁél‘i"ﬂ'\e@é Sr}g%& can

orce-on the body within that fin ation
effectivelrisofies thexfagedry inereasingrtheidunatitin ofithg impadtdhereby

. Wl v .d
oA R et KBS LRT ARy e CReE TRE R B,
deffestion Mseith & raduced dissipatidn\wy, inkRiktic eforing@fibn of the ball and
the face is rotating could be used

) baSiCcil”%)é{\Ahi h wa { 1l d i
INCIRAZLQq EPCONR ?? QY o e iprach s¥edh thismchigving higher
L . (0] .
coBIToRiS O MR oRICOR S oS IARIBL g cCohiEsgly, impect
energyf ¢eweateddnts alédtticahdnergy ear beclissiplted tmdecrebsgltive
8720 tri | eent woul d. all ow detection of a
eﬁ%?@fd@b%?ghﬁéeéiegi"ﬁﬁ%‘g@?n@ﬂ%s-can actual |y deternmine
where the ball is inpacting on the face and use the
to conpensate 20 accordingly, for

.ng tB;((rg,@égtlfi{yggfi atr::{j%uimg farees eleslyicatly to mimict thestiestnsidaiored
coBliefes berlihon AR 14 riPaS SRS G Tetal el than

othefs dogng ithes imperdt iepent thusicbhirellhg thi®edetiadtionenfithe ball. The

.m@ac; Jocattl ﬁn fromthe vari etg of possible igip,act. ]

exi} graeiyhis. costrelledhRecauseribe finakleal &@lppl@ (speef @nddirestion) is
coimi % 5 BRI ARG o SRS EREE OfpliFbndon
of thedace (s tavrbalanpesitceapliamce) toangkest thetdireation of the normal

| reaction of the ball and therefore the final direction the ball will fravel. In addition

to this direct contro! of ball direction, indirect control of ball direction can be
achieved by reducing spin including sidespin and thereby reducing cross range
travel. Similar control features can be achieved by actively positioning an

actuated clubface during impact in response to some measured impact variable

such as location of the impact or angular acceleration of the head (caused by

eccentric impact).
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‘patterns in a 3 x 3 square array on the back of the face. Those voltages would

and the resulting appropriate response to that impact. Switching on the voltage

I mpact location. In that scenario, essentially there :
V\onEI d be nultiple piezoelectric elenents that are 2 6 JAN 2007
woamads#4s® the face. There would be nultiple acamsod@iscict
for exanple in a square array. For exanple there
m ght be actually nine el ectldode patterns in a 3 x 3
square array on the back of the face. Those voltages

dot dronne O B g BBt Rie he R TG e pitss 61 Pigher

maraent bf ingrip p!hqnherawrdseﬁr@or@mstmmwe difflacto those that an
ing on the voltage 2 JAN 2007 WD 2005/ 016458

ad%@%@gmﬁ/%msqn matl@mwgmbemﬂ PRéhehead dedeag irppagth Such
fokbe%%ﬂ%{fr’@pgﬁeogﬁggﬁg%ﬂ gﬂém% ?eédhr{rcgﬁ%% fbter S, dlZ:or

tarlor epen act cat1 on.
ingdanad @eovay mmamgahﬁm.aa bl@%/dd%@ffo@t%éﬁ hel HeadBRirbtigh

acllL A TCARIOR AT 2GR eaHe(orop B behtoe iR bmdis
reétfﬂldmgéﬁ ﬂ‘?@a@ ril‘ie sGEHR |V@yethét Resif inﬂi‘éé ﬁéa@?otétidr? Sl

a detail descripti'on thereof

- impagteribacis twerl‘ﬂecb\eelyrmeeaaa theendmenbel mgrt@rd\ishe] gedy and

theifdte iR s, Mg ilontBl i TheiRlERs Bie Bou FOBPLATSF cbhing
Pngienn, BT D TS T it o
thad Sk ot ores ERRIDARAYENBHEL e D A GHRGELGSt And an
anfbibf %frﬁ&tcpﬁr%d‘ﬁ/o? é‘&ég{ﬁ@ﬁteﬁ%hpﬁ %Eﬁ@g&tup [y detect and

pi ezoel ectric ac 0 a golf
semvm;r;M\EaFti@ h8&adl Isl nasvingtrelative to theemgachon ardsedWifisether it is

t he {.nven rein i ezoel ectric t.ransducers
up iV i S bty fvich ek, 155 iRcsa OtpHng Fau i sed as a
serﬁmﬁ' |hpmb@cérhﬁeﬁ§é18rléﬁtﬁﬂlbﬂﬁ) Sfov e slisd fhidesto 1 Da
are a blo di agrams of a piezo actuator wth
compensate for that resuitmg face motion. Multiple piezo elements or
configurations with multiple electrodes on a single piezoelectric element would
allow detection of a broader range of impacts. One can actually determine where
the ball is impacting on the face and use the control circuitry to compensate
accordingly, for instance by slightly rotating the face to compensate for head
rotation during eccentric impacts. In the preferred embodiment there is one

voltage coming out of one piezo making it difficult to determine the impact

- location from the variety of possible impact locations. But that is not necessarily

a limitation of the present invention. It is possible to include a uniform piezo
bonded to the face where the electrodes are segmented to allow detection of
impact location. In that scenario, essentially there would be multiple piezoelectric
elements that are bonded to the face. There would be multiple electrodes for
example in a square array. For example there might be actually nine electrode

be applied to a control circuit that would determine where the ball has impacted




20 controlled switch, inductor, and control circuit; 5 JAN 2007
FIG 11 is a schematic diagramof the circuit of FI%
woO 2683086938 Ng the control circuit in nore detmifs286/026461
FIG 12 is a graphical presentation of an actuator
out put vol tage signal under!3bal | inpact showi ng
un-triggered and trlggered voltage tinme histories; 2 6

o 3483 i, S P, RO EBEEAT b

cokRytaier m@ﬁeef)énsé Bepériii@lboh tnphdtoddtimct show ng A)
i npact normal force, B) 1 npact tangentlal (friction)

force, C transducer voltage tinme histories, D)
transducer current tinme histories, and E) resulting
ball spin tinme histories; 5 FIGs. 14-15 are section
illustrations of a golf club head enpl oying the
conceptual piezo coupling enbodinent of FIG 2 to
reduce the spin rate of a golf ball by converting
bal | inpact energy into a head face vibration to _
reduce friction between the head and the golf ball

10 FI Gs. 16a and 16b together conprise an illustration
of a golf club head enploying the conceptual piezo
coupling enbodi nent of FIG 2 detailing the renovable
sole plate with systemelectronics; 15 FIGs. 17-19 are
detailed illustrations of the face assenbly show ng

pi ezoel ectric transducer to face coupling hardware for
conceptual piezoelectric coupling enbodi nent of FIG
2, FIG 20 is a graphical presentation of the friction
nodel for the interaction 20 between the face and the
ball; FIG 21 is a frequency response function show ng
the vol tage response of an open circuit piezoelectric
transducer undergoi ng periodic |oading on the face of
t he cl ub;
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25 FIG 22 is a frequency response functi on show ng N 2007
the face surface acceleration as a function of the? 6 JAN £

wgmjﬂsmtuu@ga of time varying voltage excitation p@frmstzjj\ﬁ/026461

pi ezoel ectric transducer; ang 2 6 JAN 2607
2005/ 016458 PCT/ US2004/ 026461416 FIG 23 is a circuit
bl ock diagram of a electrical systemfor achieving

i tat on ol (R BESCHSPHON P IHE BRATRIGR,

intensity. 2 6 JAN 2007 WD 2005/ 016458

PCT/ Eﬁﬁoom 0264 DETA| LED DESCR PTI ON OF
PREFERRHA %ﬂ%@tﬂ F{iﬁ'@?h aitlaleﬁc';\mr?giva@@gemf"thﬁ]present

wﬁ@ﬁﬁ@ﬁfﬁnlt B@hn&@r%’t@od f cHﬂﬁFért%g%?’élH%ft&f %f%§uito%fadetailed

fundanmental s of piezoelectr teria

degrri Im@aébe@oém wblcﬁ reétesencdowil bemaBeéa tied E:dlbmr@g drawings:
Ceram cs" by Jaffe, Cook and Jaffe, Academ a Press,
1971 and the references cited there| n. The content of

t hat Ft@mm—s dlistratd \?arhﬁfseéﬁhcebﬁ!épé Frl?‘éei}tg oF ﬁ%é“ir{x%nﬁc?]ﬁ

enti.r el}ﬁég ref erence. Anot her us erence
whersin difteseitiierms of alastic ppuping dFa plezoﬂecmlaracmatosto a golf

cluﬁ" Ils" by H S. Tzou, Kl uwer,
h%éﬂ?%@%%{ﬁl I'sher's, MASS., 1993 and is al so hereby 10

| ncor porated herein by reference. Actuator Coupling

re several nethods of couplin
act Jgﬁs HE!”H sEriewvarious DonepRiNaLRFBBpdmanTts Rithe igwention
wfﬁér@m difBrorit AeeRST ineRiat Ebgﬁ&g;l iyl gBeﬂeBﬁ.cg@waotSE;fo %ﬁglf

head. The transducer can coupl

C'ﬂ%@@aﬂ&%awmfrﬁr mation (elastic) ; 2) absolute
notion (inertial) using a variety of techniques or 3)
relative notion between the face and the head body.

Ei giRiGaodiluktetes hebnBepialinBBdinirit oF il i%WnﬁéWWh@ diRe
actuatqr or transducer to elastic defornati on of F]
pie QFC transducers are disposed between the face and body of the club

positioning the face relative to the body;

FIGs. 102 and 10b are a block diagrams of a piezo actuator with
controlled switch, inductor, and control circuit;

* FIG. 11 is a schematic diagram of the circuit of FIG. 10b showing the

control circuit in more detait;

FIG. 12 is a graphical presentation of an actuator output voltage signal

under ball impact showing un-triggered and triggered voltage time histories;
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20 inertial notion of the head. For the actuation

function the goal is to enable maximal control ové 6 JAN 2007

wbaos/defskection at the desired frequency of ggiRbbRM26461
For the transducer, the goal is to maximally couple

into either the absol ute motl®on (decel eration) of the
head (or face) or into the deforrmtl on pattern induced
and, .f

t ecryd8e p4Eapred i¥rstnalion 8 e Wik P Hebharpeters

inSREbEN t&\Ghib PRt dHoWNG AVRsEct ndmhdl ferRe! BY |rh|§ac§th§ﬁgentlal
converted b% the transducer into electrical ener

(frigtiophfarge, e hisrrsduser veltagedtine hirteriemdd tﬁﬁ}sdat:@r&wlrem time
g7, A £l Bl i SERAGReS L5 ace 1 o1 e, 2

E JAN 2007 WO 2005/ 016458 PCTI U82004/ 026461 18 There

C1 addBsenclerars ool Hleliiarofs Sal LB ndt emREying o
cdﬁ&@E ﬁn fe%'b%ﬁﬁl ik ﬂl}vé@m‘fé}ﬁ ‘F?Gaﬁ% rétﬁfdértﬁéts'pﬁﬂfatéb?a golf

mecha coupled into relative
baild:b}omrmafmg balbimpast eneegyiatena haed §agendbration tp seduce Bigtion

Thi s | astic actuation is 5
%8?3“? Qeﬂﬂgﬁﬂtﬂ%{%sf’ﬁ&airt of structural control where
pi ezoel ectric elenents (predom nately) are nounted on
or enbedded within structures to effect benefic

st r fdBsr 4ba gad JoRdpoetier ramPrise andisiatine of & aalf b head

e BRI ConEOA e 85 o ey 012 g e
rehpvablausdle pldte ndihreystesn stentwonios; FI G 1. Conc ept 2 -

Pi ezo stack and/or tube nounted on the face with
housi ng as shown in FIGs. 2a, 2b and 3. Concept 3 -

Pl o296 $PARRStRRINRIINI L PatloRs f 88l fgRoHdsbmbhpskb i

as shown in Concept - Piezo operated in
pistaaiectrio deanmoicel fase dobiplingbardpace faimengaptiual piezpelectric

coup?ﬁé%%brgdtrﬁexlntagfeﬁl a§ shown in FIG 5a 5b.

FIG. 20 is a graphical presentation of the friction model for the interaction

between the face and the ball;

FIG. 21 is a frequency response function showing the voitage response of
an open circuit piezoelectric transducer undergoing periodic loading on the face
of the club;

FIG.. 22 is a frequency respense function showing the face surface
acceleration as a function of the amplitude of time varying voltage excitation of

the piezoelectric transducer; and




20 The second class of actuator face coupling is 2007
actuator coupling to the face's absolute not i on Z0b JAN
wohasmiélat rely on inertial forces generated M,ﬁ@g@mﬁ“l
and head notion on inpact with the ball. These
typically entail a reactioniflass and an actuator or
transducer el enent acting between the reacti on nass
and the 25 face., These types of face couplin

gendiGh 23 1s BICHEU blogk siadsem el elspticabayslers 1o agaieving
t

vaRblErNifi s WARIF ARRER o Inbdichich LA ERA i S B hdic o

suffloieritactensiild an inertial mass as shown in Fig 6. 30
Concept 6 - Mdtion anplified piezo between the face
and an inertial mass as shown in FIG 7. 2 6 JAN 2W
WO 2005/ 016458 PCT/ US2004/ 026461 19 Concept. 7 -
Bi norph type piezo with tip mass and nmounted on the
face as shown in FIG 8. The third class of '
actuator-face coupling is actuator coupling between
the 5 face and the body of the club. The actuator can
be the sole or one of a nunber of parallel |oad paths
bet ween the face and the body. This is simlar to
Concept 3 but the face is treated nore like a rigid
body that can be positioned rather than deforned as
in Concept 3. The transducer positioned between the
face and the body supports the ngjority of the | oads
bet ween the face and the body and can 10 therefore
participate to a large extent in the inpact event. In
addi tion, actuation induced positioning of the face
relative to the body in essence uses the body itself
as a large reaction mass to effect changes in the
| ocation or orientation of the face during inpact. 15
Concept 8 - piezoelectric transducer positioned
bet ween the face and body of the club as shown in
FIG 9. For transducer applications, to produce
maxi mal avail abl e actuati on power
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and maxi mal ly avail abl e coupling (for instance

actuating high anplitude high 20 frequency face 286 JAN 2087
wO0o36dsihadsgons for spin control) it is desirablg®o04/026461

achi eve good coupling to both 1) inpact deformation

pattern as well as 2) a higH7frequency node. For face

positioning applications (rather than friction

~good EMHRERESERRTRIN Qe EREFERGRN, EvEBRLETS,
well as 2) inpact-tinescale notion between the face
and the body. 25 In general for the elastically

coupihefoberiEgpiescriptian assuraes tst ithwielivan Mﬁtgier&j@h@natoé e

e MRSt il s BB oS el £t PSR,

desnﬂlb@d' inFiezoelédidc Coparaibet bf’ Jeffst Codle aﬁéqaffe nm:adﬁmnal Press,
desjirable to have high e ect r o- mechani cal coupl

ét%’eﬁh‘efrs enges ¢liedi thereint ThR canterd piat .pétbllcaﬁtﬂntla eby
b .
.ncgjgs?@é@cg BBl in .m . n%éy ieefbe g]nom%ﬂ%bﬁ.ﬂ ré%r§rg§rwh;ch

raction o mechanical “ener
deisariiaes thetfedd aspmaeatrmemfmme&mmsnem 2548.1S.

T2B0s Kl ot Badames MASS. SEblahd s A1 Saht g

indorpérdtdd h@rfelﬁEﬁY@féﬁéﬂdé by the fraction of input
el ectrical energy that is converted into strain

energy in the actuation induced deformation of the

Acftﬂ éogclﬁpigi%cé In this face coupling enbodi nent
pabl e of planar size changes,

(aI so called a 3-1 actuator, although a variety of

i nt S_%’PI gitated 10 gl ezoel ectric wafer or conposi te

act J8PH sresvecalgagineds of gpupiing @(Pf%t'%a'ﬁws pRd
traPSHREARd th the BB Pad) e intblf(ibA SErrACe bERIR I &Y the
wthin the face it he actuator cana e
hepéc Wh@énﬁnmungr ¢an:ha dqvaeﬂy &oupled it} ﬂne face reistm@ defonmation

(eBGHe” SR ey PR BP AL el eing rdaBiot finaiahieS BpB) Flative
mdtishasstiwach @RSl fte dRIPRthaid Bas. TEigRt arltQfescibed here which
alternately couple the actuator or transducer to elastic deformation of the face or
inertial motion of the head. For the actuation function the goal is to enable
maximal control over face deflection at the desired frequency of actuation. For

the transducer, the goal is fo maximally couple into either the absolute motion
(deceleration) of the head (or face) or into the deformation pattern induced in the
head and face by the ball impact. The two techniques tap into the pool of kinetic
or elastic energy available during impact. This energy is then converted by the

~ transducer into electrical energy which is usable for face and interface actuation.

A description of eight alternative systems for coupling a transducer element to
the golf club face foliows.
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15 electrically excited. Alternately for in plane JAN 2007
actuators near the centerline coupled preferably 2n§
wbBoRloadass def or mati on rather than bending, coybitGoe4/026461
Into out-of- plane notion can be achieved in |arge
def ormati on scenarios using ¥aranetric forcing. The
actuation | oading can be thought of as a conbi nation

205 THETEHE tyied dlESeek el iUt /A0e couHir & S clis pertains
todthsti ﬁléz@%desac?thé‘mﬁh \lrvﬁel‘@lrﬁraﬂsdl.ﬁ%?‘?'z‘“er dﬁ r@@ls and.

par aneters are t he spat i al ext engt of
d%f@tru@iiqramara dirastly neechaeidally soupled imiprielative demrmatlon along or

bR A St ks e TR e TR BY el At n

gerapaihclonpim rotheodt bestAsttiaiak Boriteol iWtere lfa‘i%eﬁdt%el@fnéﬂi@
(pf@nsver e strain field tines the electric field tines

ingiely) e meunted 9eqf anbedsieghwithin sirughas ip effegthe

- bér‘%tre%‘i Qfructliig q%wmdaﬂaa 'fFqu’oéPgﬁbgﬁméﬁs%‘?%}ésﬁ&%lﬁfn%l%led

sone structura I's maxi at _correspon
acigators are ahfglewsand extents. 2 G JAN 2007 WO

2005/ 016458 PCT/ US2004/ 026461 .21 For exanple, for

an axially symretric plate with a circular actuation

pat @br%ép?ﬂ'l‘gle%o%e\f@f‘aft%éésdlréiﬂg% 'tﬁhgfdc@ztte a‘cﬂﬁate _

second axi symmetric plate node nodal circle) is

maxi m zed whependirg axseawn i FfCBLe1 actuation disk

ext th furt he
o s ek 2 Blere e ARIbHER8 thalMsd g B8 s ith "3

then mat eri alhousirgj @smmmrr@@zaogb@m strain of
oppasi te SI gn to the material inside the circle and

t herlePnGsit & — Biezg qisnased bebuper thaalaceransta sifé backing

pi ezoel ectrl %s mﬁ? n i ntegrated over the

entire disk. For e partlcular case in which a

t r arfiahoept 4i-sPiezompedatad th shearamdds i aretidisposddbéiwecest
energy fromi as wel | otentially

hi gh fr'equencyPeﬁ%&@ an(jt%St%?ﬂ BIRG (QYes 95, S%Wé’ inFIG. 5a
actuat or nustsge designed in extent and thickness to
achi eve both: 1) coupling into the shape produced by
the inpacting ball (roughly the first node

def ormati on shape for center hits); and 2) coupling
into the deformation shape associated with a high

f r eJhersaconddtass of actuator face coupling is actuator coupling to the
face’s absolute motion or those that rely on inertial forces generated by face and
head motion on impact with the ball. These typically entail a reaction mass and
an actuator or transducer element acting between the reaction mass and the
face. These types of face couplings are generally related to proof mass or

~ reaction mass actuators. The concepts in this category are described as follows:

Concept 5 - Direct piezo coupled between the face and an inertial
mass as shown in Fig 6.
Concept 6 — Motion amplified piezo between the face and an inertial

-mass as shown in FIG. 7.
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15 Because faces are relatively thick structural 26 JAN 29087
el ements, nodeling suggests relatively thick

wokeBeedectri c el enents on the order of 1 MM g IS2004/026461
required to produce significant actuation of the
2-3mm face. Typical face dedPgns have shown that a
pi ezo el enent a few centineters in dianeter (1 5) can

hice b8d t f t
pot (- ePLT AR bPR P WA 4B Tessietd mendlgd a9 wel |

as a high frespprc¥ceBdehbinhe Fescgted for friction
control. A typical inplenmentation of this type of

face coupling is a 3-1 node piezoelectric disk with

ai ¢ ar hiny sk SIS 86 0B q B ARl BTy A ptkEn the
fada and therrpmiy efthetduinoTire bbkiatdri@arbe#red®s bf bfe of an‘ﬁmber
of parl] 1020 eftas PGt be rarmahaine Basn BoByaeImis to foRoept
3 BilttRd Fdoe |§H|%d?§él & 8ké éﬁg‘i’c?ﬁgﬁfum th% ;gtgéiﬁdf-%d rather than

regi ons and uce seg
deformeddasyint @Omml% cTha)mmmee pnsrtlomeqb bemﬁelnathbyiaﬁ)and the

oof stbpoRE B el ot o pe@iesfiink Tace aBa i bad apegan

thdrbroiperpbsietts I@a@%ﬁm ih mmﬁé&rémht Ofty- acfélitfon) éHtuatuon
2007 WD 2005/ 016458 PCT/ US2004/ 026461 22 Concept

indriced positioningiohiberiace ietiveyiotbebody i essricagisss tga body
oY 3 Toeg i AEAAIE 8 e A BB B prenttn o

the facefderiallisnppicezoel ectric, but possibly

el ectrostrictive or nmagnetostrictive or any of a
nunber of actuation or transducer technol ogi es

desgbhbgst @Leﬁie%éie)é@nc' tFansAbESCHSSHid R d BStwhBAh d

the use of a housi ng or support structure attac

to the face. hoguofiheudlab adehowniiofFlGs9shown in FI G

2a and in sectioned assenbly in FIG 2b. 10

For transducer applications, to produce maximal available actuation power

and maximally available coupling (for instance actuating high amplitude high
frequency face oscillations for spin control) it is desirable to achieve good
coupling to both 1) impact deformation pattern as well as 2) a high frequency
mode. For face positioning applications (rather than friction reduction

applications) it is desirable to achieve good coupling to both 1) impact loading

patterns as well as 2) impact-timescale motion between the face and the body.

In general for the elastically coupled concepts (1-4), face motionfloading

‘generates loading on the transducer material and corresponding electrical energy

generation. Conversely, electrical energy put on the transducer controls face
motion. It is desirable to have high electro-mechanical coupling between face

'E_oadinglmotion and electrical voltages and currents. This coupling can be

measured in terms of the fraction of input mechanical energy from the impact that
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In this case the actuation elenment 21 is confi guz%j\]gm 2007
el ongate or change size axially in response to
woh6esinssal energy (voltage or current). For 3’CT[US2004/026461
pi ezoel ectric systemthis can be acconplished in a

variety of ways. In particul2l, one can use a

pi ezoel ectric st ack to coupl e appl ied voltage to

Ienrgith changes. is known as 3-3 coupling and

hi s

i§ Oryerieg Higesier e‘?@&ﬁ%‘r@‘@f@f (g @?t?élc@mﬁh@ piezoelectric

=y
o %%%?‘?“ﬁg%a?‘sﬁﬁ&m@%eﬁé e Rl bt P plfical
ehalggyrtbatsls aomaerted énte Istratrr éreergy & tﬂlel ax:tladat!cgnadumd deformation
oﬁﬁetfr ?e axis to produce a | ongitudi nal piezoelectric

8% This is shown in detail as subassenbly 15 in
FIG 18. The actuator can al so be configured as
el ongated 20 transverse or 3-1 type actuator in which

ld is applied perpendicularly to the axial

direction. This can be achieved by a rod with
el ectrodes along its length on opposite sides, or a
tu bu!rahlam:aajmphm@ tembbtlmémm dxtuator, 3R lcapdblel afpiandrsize

ik IS5 Bghed 8t otuates g ot ol TG A | <

pi@&oélB@trde@fer & ébﬁgeﬁ% Qé&[]gfo?é‘ér&&zﬁ]:% #ééf ?ia‘n&r size changes) is

el oqgatln 25 actuator/transducer con ations
to the plama of ﬁcﬁ:ime 16}, ontornr biusies \mﬂme |tm@fam ;t/aeﬂfc Hhe

2QBRE Reb b T B ERp < Burd el BBl irpRlaingBe 2% o the
ad:tuatbr@hw Sxauilly e Rk, RRaabledin®f béhding ekftiination of

to deformati on of the face. 30 Face deformati on causes

thedpge pod asbt foimnast adsndinganpaient op toe Eae, 406y whert he

eloBiRafty Bkeitad. AR ekl roR 5t 30 eclIBE S (AL pefficls Coupled
prléfﬁ' anzlysaaﬂma/ rﬂﬁﬁdﬁéfo?n&atmls rﬁhéramhﬁdadrﬂm@ e:of.lpﬁwg ifooot-of-
rces at these, points 106.

Iehe sl S e ARG evRAI (ros
p‘?ﬂ%n%q [ark Carpbe Brgiay OfdeiQraation sEenaljos YSig RBtaragsirc
fordlhS. ‘Tﬁbaédtdﬁldmbééhﬂ c@ﬁtﬁéﬁfﬁﬁugﬁ‘teoftééoa BABI tloh'?ﬁm -plane

actlator. The OUSIn cts as a nechani cal
foreaseithe survatushmomept ceuplec! Qi t acttng on magﬁaseahﬂmges

el 2 i, pfRtarasaf RhoRR i1 G .7 5086 St peyeriaters are
thgapagtabﬂtgﬁ (I%ﬁr??)héhﬁe Retiitg dremat 4 well deals! thiickh€@ssl The
spatial x-y extent is determined by maximizing the coupling into a given desired -
face deformation shape. Good coupling can be equated to the integration of the
transverse strain field times the slectric field times the piezoelectric constants
over the domain of the actuator. The coupling into some shapes and therefore

some structural modes is maximized at corresponding actuator shapes and

-extents.
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order of the stiffness of the piezoelectric el enent) 07
since any el ongation of the housing under actuatl EmJAN 20

wbogdmigwss | reduce the load transferred to thedmaageRiskst
the 10 resulting face deformation. To see this, one
shoul d consider the linitindtcase of a very f1exi bl e
housi ng. Then, as the actuation el enment st arts to

! OPSEL Rl 1o 3K bR b d S il hidhon patcn
coverhir e diverl IRdile chbagig ihtd hedlechbia a&l&?nﬁﬁélﬁbtdlét@ )l/‘node (one

nQgeneral ly is that the housi ng nust stiftfer

dadicla) it gpdmizesashe te erentnfihe ﬁ@tmoe diskatends to that

v 884 5 PR, A0 Pk B T rocel i,

thaénmategial batsiddthd @mlb waukféwstram lof oppusiteesigh g0 firc@aterial
S@J@r natci‘?? g}lher th B housi ng el gngati on. The
in e 80 dneleywuid Pas pargak cansefiaiian ol e piezppisairic
re ﬁs@w@r{ iRk af@%lstﬁle"f‘ﬂq? ﬁl’i‘rﬁ%@%s' gnificantly changing
€

he center o graV|ty ad or its inertia
tensor. 20 The housing 12 consists of a conical or

o ofPeibe Bhritien edée iR e insubaris oo Sd s gesied to
hareest mrgg frd?ﬁtrﬂgéd:t?d%%elm@f)@@ntléﬂf Bxdittea E@Fﬁré’due?icy'rﬁ&le

56. See draw ng

(to gpatrakFigtiomh#riasator slusthecissigned lmree(tm mdrtblcmze@ai@

sl 85817 ot B S B oy

theffirsit moda rdelﬁmnnﬁrdmmelfar @én’](ttenhm}aamszh bﬁ@ﬂnr@ﬁnﬁﬂhel ;
qr configured as a screw part
defswa%%gﬁ@?e QE?%\A%F’ E fg%‘l‘@% renovabl e

for repair. IS |nportant that all the conpl i ances
of the hou3|ng, i ncl udi ng back face bendi ng and ot her
defBroausedaces are elatively thick steickrat elesents)tmodalingusuggests

reldff8l FRASYESSYBEk lerionso ARG cldersr Sy Bia fRuRE'S;
prodece sigwificaat beinatiog obihd Nenha e w;ﬁcéﬁ facd ﬁébiéﬁ@?lavél@
2005/ 016458 PCT/ 1JS2004/ 026461 24 and provides a

shoygy g Amieo pleRwent & v aeninetersde diarelier 41-5)caa sehisws the
des#e8 gull &9% g? E@ﬁ]ﬁﬁpﬁb %ﬁj@lé e of Pnertliy st ifp&ct

housi ng rans
shape as well as a high frequency mode to be excited for friction control. A

typical implementation of this fype of face coupling is a 3-1 mode piezoelectric

-disk with electric field applied through its thickness and disk directly bonded to

the face 10 {usually inside).

It is important to note that the piezoeleciric element 21 can be
prepackaged with polymer encapsulation and potential electrode patterns on
such polymer or flex circuit. The patterns can define various active regions and
produce segmented, uniform, or interdigitated electrode patterns in potentially
curvilinear arrays. The 'key factor is to maximize electromechanical coupling (as

" defined above) b_etwee__n the piezoelectric and the face deformation.
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assenbly 15, consisting of piezoelectric |ayered
actuator 21 and end pieces 23, is -16nmlong (togaﬁ)‘jm\1 2007

wooEmawasi N FI Gs. 18 (of which 10mmis acti vepdfaienisded61
5 21). The cross-section is_a 7mm x 7nmm square stack

or a preferred 9nm di anetel2circul ar stack. Of
particul ar design inportance is the selection of the

Ccont t point |ocations between the housing and the
——%F@gggéor and the face. If the actuator is 10 arranged

to make contact with the center of the face, the
housi ng can be configured to attach to the face at a

sel dhederetpreecinethad and systemtfaecouplingrofan acuatosor

66 5 o Bl oo G BEE T ts rsthlnd el Blement
21v Qﬁmferablqr;ileiﬁelétﬂnﬁmut lpﬂo&@ibty@esﬂﬁcﬁétﬂétwmnagnetostnchve or
uirenments for a given control ication., The end

anpf. &Gy herplaciaorn %r%nsﬂycw@éha@lggte@aesgnba@ previusly) is
at@bh@a Bc?fhé’i%b tﬁ&u&cﬁ th%fus% fH h@Alhd' ¥ %r%ﬂ 'é%rﬁgﬁ.#%g’gached

row entere poi nt ntact |
to ﬁﬂa me vﬂ\ partichiar epiction ig $tmwmmj§iGl gZaQﬁncbm sexdivhgd assembly

”1ggégﬂ%ng curvature (indentations). In the particular

f friction control, an objective is to excite
hi gh 20 frequency oscillations as descri bed above.
The diameter nmust be chosen to satisfy the need for:

1) Gothis esspihenactvatiomelemephel isiepofigured émelsmgpte ebchange

s S 855G o O IASS) B Ll P9 ;
pigaioatsictric wmemtthsafmﬁm acaatplishied ie arvaeisbootivays. In particular,

ot 25 A ek T ot e
e o S

mapeiEs 0 A6ISSStACR IsUiSP odan@= 6erd bf rmﬂtlplékmemmmnal iayers with

e 5 B 1l By PR oA e B bl

axis @6 produtd swrsgntaﬁmal pResEEciAb dfiget. fRfSis stRiwh F @Stail as
together. The face is very stiff between these spaced

sutzﬁﬁslenﬂolhﬂé iniFdG) ¢8. beiashiaterrarealsabesmidigared as elongated
tralVAYES BFRY1 R dldbe MR S LI ERbbRS BEM S ularly to the

axial direction. This can be achieved by a rod with electrodes along its length on
opposite sides, or a tubular actuator with the load being applied along its length
and the field being applied through the wall thickness by electrodes on the inner
and outer walis of the tube. There are numerous other axially elongating
actuatorfiransducer configurations known in the art.

The second element is a housing 12 which serves to mechanically
connect the back end of the actuation element to the face. 1t serves as a stiff
load return path coupling elongation of the actuation to deformation of the face.
Face deformation causes relative motion between the point (potentially at the
face center) where the actuator makes contact and the point where the housing
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5 those attachment points under the inpact deformation
shape, is very small, since it determned by tief JAN 2007
wounosatsyse under inpact | oading, so little volgdaag2bd/oredel
generated at inpact. If the radius is made too |arge,
then there is good coupling2Bo the inpact, but it
becones difficult to build a stiff housing structure

.apd it ones iffic 0 nerate high anplitudes

s B Gie Face sheyh i Bl ol B Hbies Thies denstints

108t atd St KEuSIAG theH PAiRate8 IARFaRYIOE YndtRWERIONSIARE motion
dynam c stiffness of the housing. In the preferred

bebierit thechio endsiptieastumer. athebowing 18rthus ppis®s ameshgnical

att230 PR RIS RR s e b ool bR 1868 B otion

(déforaatior)adeisdaérfortindiie akdtic s lof fand ciupliagéi gh

frequency face node at -120 kHz. 15 In eval uating

particul ar designs it is necessary to take into

congi;d j i : '

act i EBYLAR 103t R RIrbe O {358 By B st tne
ordierad tine stiffivedsanfithe pidzokkectric element)y sincg.anyrelanighticnet the

ol s IR 05 e BT R R 1S 195148 & e
resuliitpiarel defbrinfdtior0 Td B6e 1S, Dnehouft BERSIBESAE limiting case of

reduction in actuator properties. The mechani cal

a veyy fleble kausing. ahbey, asthpactyation| elementisiarta go glangete e

hofoind st strefRS vy it e oBk S PR bR fmation is
indiiced distoithd far]  harealitg theaddnditionfgdrizealpy iszeal e thousing must
ment have not been exceeded. 25 One can either

l. [
beeﬁgﬁgr brat lsast b ta 2Uitimescereatar tian Biefasaiingdee aﬁ_ei%'ﬁl but
opﬁ@éi@%adﬁgrétgﬁ? ﬁ%ﬂ%i‘ﬁb é?lfacﬁﬁl%P{ 458 tr?é‘??t’gréfbr%tt%bﬁﬁ%nt in order

cyl i nder tiple“piezo elenents exanpl e
1o insaskiat iedicatliy efpatively Coupled toeefaos| defarmatioovmathan G,

c.One can  C le to the | St, | ct, deforrmmtion .
nodsiagatarian; 8 fadsind MEHED e o g & epin € Arae
ad@ingfd e inaeB andaparty shinifidditipdnahgiiy tABSeRRIMGF gravity of

relative to the face normal, it is easy to prel oad
the hgad enitsingHia tasIsefent s 21 for robustness 2 6 JAN 2007
WD 2005/ 016458 PCT/ US2004/ 026461

The housing 12 consists of a conical or cylindrical wall 52 with a back
plate 13 that provides a contact with the actuator and a circular end which

establishes contact with the face at aring 56. See FIGs. 17-19 for detailed

drawings of a preferred embodiment of Concept 2. The housing 12 can be screw
attached 29, brazed or welded {o the face, or use any of a number of other
techniques. The end plate can be permanently attached, machined as one piege
with the wall or configured as a screw part 13 for ease of actuator system
assembly and removable for repair. It is important that all the compliances of the
housing, inciuding back face bending and other deformation of the housing, be
taken into account when considering its stifiness under actuation loads. That is
why a conical structure is very efficient, it reduces the bending of the back plate
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26 using a centrally located face anchor 205 threaded

to accept a preload bolt 206 and backing plate 228 JAN 2007
w@nhsjoligssg easy to design for desired surface ggifsadds@Besst

anplitude. 5 Concept 3 Athird enbodinment is shown in

FIG 4. In this enbodi nent £#e piezo 21 acts between

the face 10 center and a stiff backi ng/ support

structure 207. support structure nust be stiff

andpropidgs & 1eare rilaeptmﬁ%réat da thag tase. ofypical gimensiang gre ~1mm
fo%&?‘cﬁcﬂ%ﬁ% ®&i t@e% PCEmAPrdr A hgﬁ&}f‘lﬂtﬂagﬁ 1B” ansducer

or mat 1"on of e face I nstea
assembbt 15,ecortisting of preaoeiecmnilamredcachmOJam andaemnl pieess 23,

cont ac th Beca se of
s FRBAE ek B shpWp e P14 raradhiof e R Material
215t rmetdms@s-smréﬁ i$ 8 emNEPMN SGua8!dtackldr 4 Bréf‘e@és Binrd
shown in FIG 4, there is a piezo el enent
digyaeter glicdlar sieekween the face 10 and backi ng structure
207 which then passes the face interface load to
anot her piece of the club head, i.e. the rear, the

bodeJphm@nart dlwgmmrpmﬁme setﬁwmlet:ﬁm 6rsthe ot pbrm
out a mllimeter during t he

'0%13@8 ?é\él?;@rét?@r N tiesagueire apridhe | faqet lgtéwe%év@@r is
arrangBaks Wa?éédco%gacﬁl\nﬁﬂ P %%ht&rkﬁrtﬂé/ fééeathéﬁéhﬁrﬁc? HSSBet O

power system and or exanp e excite an trasonic
conf@ured to B&eaﬁu $ethietfage at asetected distariceawaniomihe veotarat

oit Ghiiie PO O EPin . CRYET ot PR B, 516080n of

this btdehment fRiivsisivety frﬂi}fbrfﬁﬂt 't@ ﬁrd%fmIzBQhé peffopfghds ovi de
hi_.gh pi ezo | oadi ng. backi ng structure were

reqiifaments fori pDived @patrﬁt awnlwat:m fhe endrdeses Sharapigiersbly
ma?:fedofv&é*#ldc;r a‘-}lurﬁﬁ‘tagﬂ': A%?@?érg SR n?éteﬁgl%ﬁ'd Ilre‘?\?edsérﬂetclﬂr?vature 26

1 ezo h1's™ Wou prezoelectrl

to prcmner awenizasd paint cmtabt with tree fee smmchh@ baéRlo? fHa/
WD 2005/ 0164 8 P U82004£HOI_26461 27 This concept
hoyging <eon geay g eprvaire fePRRIatiABEY on) of t he

def ormati on of the face. That can be done by a single

stack elenent or single piezoelectric
In the particular case of friction control, an objective is to excite high

frequency oscillations as described above. The diameter must be chosen to
satisfy the need for: 1) good coupling to the impact deformation shape to
generate electrical energy; and 2) good coupling to a high frequency mode. This
can be accomplished by placing the attachment radius to correspond
approximately to the radius of an anti-node of the face mode of interest. The
anti-node should have preferentially opposite defo'r_mation direction at the center

to maximize relative motion.
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monol i thic element with a polling direction and thg 6 JAN 2007

|l oading is basically aligned wth the surface nornal
wbishessk@ace. In this configuration the act uatP@rrmgQ@mzﬁ%l

use 5 the 3-3 node of actuation. It could be a 1-3

rmde actuator or it could b&a tube wth the

el ectrodes on the inner or outer wall of the tube as

descri bed for Oance . The. stress |sthereffoei .

t ho 1o Q2108 FORURPENBN £ SPUTIBAVM SoPs falgwscrt BBy s
tod B%q?aﬁiépuéﬁé%%h%? fér‘éﬁ GhiditRe rEYdtieD fbﬂ% Hﬂpbsé@bg% face

there to

face bac I ng structure € needas .
veb)e clgseftogetbeacifbafaqesh vety stiftbétucen these spacest Mimsm little

re can |.e torI iV he str ral
misictieaT B8 ddieds Yorly ey Jhe titarentat dbrtielibh Pefyeen
th@é@éﬂaéfﬂnétﬁﬁadﬁ@s uﬂ@i@r gdipthatR 8sformanen Shape WO ¥k, small, since
decrease the nmonent of inertia of the head for a fixed

it @mggnmédaysmﬁwwat@wmsmmm Iaaﬂlegas%mﬂamoliaa@ is grnerated

at RREBENSF o s RIS ED IBTROMIRRED1s GRRRERIia 13 B

zoelectric ele 1S 1 not
mpetth buhit beaomies glifitultie buikl a ’smﬁ hobahg strupiare ant libecomes

TiGHIE KL EoTRTER bigh RIIGRS Bia HIGh fRSRREY M agauss of
oBAERRLAGL St RS cipdle oFOBRRA RIS (B RIRBIC Sffness

ce attaches to t face which'is
of the housingr Inpthe preferrachembadien, 3 tiamater ef atbat;immnt@ét

aplorimalEle 85 ibivad Cfos tor, Ml Rize s, Bo sl B PR £ e o™

maxintkind theptegepliasive ik c@hﬁm‘ﬁﬂo tas all iihpaetfatd esfopmiatioh and
functjon. Such | npacti as been used to achi eve

coupbiRg WP arhigh f‘"@@%‘%‘?%fﬁcgmdﬁﬁt ~430 A al so be used to
change effective stiffness and the effective face
reaction in different ball |oading scenarios and

t heﬂmbva}aatmg pdﬁfcumrmslgmausmceamso tdkar intonsdresideration
here is bet ween the face

Il t he,
StrBSed (e deos ena Pausi(a e 3aLoR Ae faing Mieadty Yeby gy stress

leVel 858 Jed P lbeﬁﬂéué Wil STRAE h%uﬁh?h'ln 'a@é?t’ B %B%éﬁ@@mpressive
unsupported, not forci ng contact. For high intensit
H

stresqRecimposesate adeatae dvringball m@mntms@mrn@nem

“adlclariHfieE” i e RaERiahd bt RRE Pl 4} dftupk pfofttes.

Theehddelvdricd s%@teﬂtﬂh&u%ﬁ@é’ aNQIy2ea 960iib1alds during a variety of ball
. PCT/ Us2004/ 026461

impact events to determine that these critical load levels for life of the housing or
stress induced depolarization of the piezoelectric element have not been

exceeded.

One can either have the piezo at the center or one can use a bolt welded

at the center of the face and use a piezo cylinder or multiple piezo elements (for
~ example stacks) radially spaced from the bolt as shown in FIG. 3. One can

couple to the lowest impact deformation shape as weil as high frequency mode

shape in this configuration. Because of the axiai arrangements refative to the

face normal, it is easy to preload the transducer elements 21 for robustness
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Concept 4 - Shear Mode Piezo In the previous concepts

the | oading on the piezoelectric el ement has been & JAN 2007
wORbi¥RAkdsy 1N the formof an applied normal sty§Hssedddssst

Concept 4, the 5 piezoelectric is loaded in shear ang)

coupled into the electric fpeld using the shear node

of piezoelectric operation. Mre information on shear

node and the nmajor nobdes of operation of
uspiga genwaly losataddase aoehe 24rtheadest tecagospt a@r@fo@d belt 206

P t
e i i 812 ShTE R F BRI or Bro T Birase @i
anylitegses about the axis of polarization in the 10
material as shown in FIG 5a For exanple, if the
pol arization is in the x direction in the material,

cdridepphear stresses would be in the x-z plane about the

-—y~aQr§ as shown in FIG 5a. In this node of

plezoelectrlc operation, the electric field, E, is
app perpendi cular, to t ling, axi . Thi.s node
o SRR S B S % e el B8 21

actm@awéfenqn@rfaée 0. cober! dhd B BEF abcﬁnglshepaﬁetramwémw The

usi ng a shear node piezo actually works very

suppRid Sirusbie Mmust hecsttﬁafgre!mah raeﬁmf@rﬁe-m PrelRt oﬁ%é@ X the

St 2 e 864 38 PR B fon hict Uotol FARBIS g FaRE Rl of

the baekidg dtrtotube. rrnemad a poteiiéal to uselapdatepnhitieit weatact between

face and stiff 20 backing |ayer called, the,
%ﬁdaF%y @fecm oane fwweaeen t5 g@mﬂﬁ@\eﬁh@e

the: Biszeraid
b [ t he constraining
aF%@Q?&rrdgg'?gttgﬁ? nd| ng gef or matl on putting the

i nternedi ate pi ezoel ectric elenents in shear. In

ar o Goneeht afala i F I baletis @ affo st el
befvissh He RSesInoNw bébkﬁlg%trﬁur{eom@humhbh pakassttecrds,

it 25 induces a shear stress on the piezo which then

interfiace waskigmnatherniece eidheickir headli.e. theregrpethpsly 11, or the
peﬁ@%%&%r%@h& tfio HAcr “\f?fﬁ&ﬁ the {a%etrﬂgvés}’ ﬁjeﬁﬂut S3ni InfterbUARg

electrrca s aligne sur

lmpmtnﬁlthabéllehd tﬁe:‘éfore dempresszal taetpiezo, #l ganenttes sacherge and
lari zed | | ane t he [ace For i pnstance

7
T s erah Bt 6o bR (Bad T padeE Iy Sstan aridjar SRAPRE Sxcite an
un@sahﬁ: dvig®| Bbéaﬁe lf‘g&‘ierﬁtéfsvé}é?ﬁ'@al éﬁhﬁ-@% g;]reagh P8lalld heotion

O acting as the conStraining [ayer is bet ween
and Ilmbpﬂ\n&emeﬂhecfac@ ana backing siructure, the design must have a stiff

backing structure to resist the motion of the face and provide high piezo loading.
if the backing structure were soft, it would deform with the face under low load
and wouldn't actually squesze or apply load to the piezo. This would imply poor
piezoelectric electromechanical coupling to the impact.
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2 6 JAN 2007 WO 2005/ 016458 PCT/ US2004/ 026461 29 Wen
the face deforms, the bar tries to keep it from 26 JAN 2007

woebmfonssag and that puts a |arge shear |oad @@rj38oo4/026461
pi ezos using the 1-5 node of,_actuation. In another
enbodi nent, the shear node @ ezoel ectric elenment is a
ring, 5 polarized radially outward or inward. The ring

CA1 s B8R Bl 02508 FRUGD ol 0.y cpfematir

ofithe dadeet Westrcart Hmedbm by angngle Statxkréiémanhongngléxﬂezodtdactnc

mAnQn( SRR Lh AP Arestinereing d0adias 14 brasiealiicdigned
witPtH Surfd d2norAp ¥ ’tHet 81 s Eér‘ﬂ’g\:?ﬁatio ihe éc‘iuékBr would use

axi symmetric version o the conce present ed
tha 39 enededioiantyatian. clb apild hdr ait+ieddeidotudtacer ihoouldibe a tube
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coefficients for 3- of actuation
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stifoeserépirerment cehdesd immllatﬁzeﬁ/r lpawrsdeiciurapslesehtswetich can

oy it o WS Eeaval poss o e 8. Sinasded pesadeeverer

wdl.ﬁél @lbbﬁé.%s@etﬁ@ h@ﬁéﬁ’trbft?ﬁéf{@%? R R fdrS ﬁifedarﬂ?% ﬂéébl Since

body. = Since the face-piezo systemis part

less mess wovddibe aweﬂmiamt thenperfphene face i nparts
deformation of the piezoelectric. For Concept | as the
face (an elastic body) defornms, it deforns the piezo

bec dwi apotter embueitiedt 6RCoiep 3Ceie RSSO e elélﬁ@ﬁt i8 initially
ort structure housing whi ch connects to the face

noatn &%ﬁﬁf\@hﬂéme bRckiro shugiHen Wpen prlbiradcihe) defameing face
wd Brm e pfé'zgéfté% erﬁ‘:ﬁhfd &orﬁé&%{ﬁ tgt%g:ﬂ%cﬁﬂgfs tH?:‘Furfeaé:rﬁj Io%H the

center an ousi ng con ace I n a
p!@oelaecﬂtm eleawntadhespiezdeledtrio sienant cf@nhs’tame Eﬂaaﬁes to the

facFhish i @BHRAY 4 bR) NN TeE T F91B B S2GKING, Ll rormdia gpntact
s RSCRIIR4S 1 KL KRS, 08 S8l cHh B Ao ety
him,'ggﬁt@ge impacts load the piezoelectric element and trigger the control
function. Such impacting has been used to achieve damping in structural
systems. It can also be used to change effective stiffness and the effective face
reaction in different ball loading scenarios and therefore for different head

speeds. For instance, if there is a small gap between the face and the backing

- structure, (even if there is no transducer there) low intensity impacts might leave

the face unsupported, not forcing contact. For high intensity impacts, contact
between the face and the backing will be established during impact; and the
backing structure will support the face and reduce face deflection
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30 the piezo attached between the face and the backi ng
structure. In Concept 4, deformation of the face? 6 JAN 2007

woORghsReGsR Shear stress in the piezoelectric egARRbN4/026461
Al of 2 6 JAN Loud WD 2005/ 016458 PCT/ US2004/ 026461

30 these concepts rely on &upling into the elastic
deformation of the face-body structure that

of the golf club. For this reason
Chgeri %~ B8R ferred to collectively as having

el astically coupled transducers. 5 Concepts 5, 6 and 7
- Inertial Coupling Concepts The next cl ass

consndbe REpVRUTBANCERIS the loadiag @rithe pisrasiaaiie element has
: ) L ! t
ol gl in 45 tcbin Gk} SRR VR SESS, | MCHRA A B
piezoalegitis izilbatied én shear araticogtes ko the clestticdietd atiagahe shear
R0 A RS s W b i v e
mbigdof parhting of SO bERCHR Yy AMsdlBSs  @ffpe fdﬂm%jhﬁ e P’Fﬁcﬁ.ﬁﬁ
enmbod th 209

] 0 |nenp, erel1s a reacti on mass sonet [ nes
litergiuredonPisre Systarss Jncuefl Cangirisige, Messs Thet sheae thode

eBEIHE e SR T30 Lo 3R 0 0P8 AR &R e
malesinbas shdin ImBI®) 32 RireXhaiple, ithe olditzakieaiehh the x direction
S ”mr%igér' he novi ng face is anal ogous to a novi ng base

init eerighy i gheas stresses wenld ke inflee kzdplane absulifiwey axis as

sh{éﬂ}ﬂ iniFTRA8h; 1 RS H&Jg @fﬁiiéﬁﬁeié&ﬁéf B@{ara‘tiﬁﬁ,. R0 eld E, is
e reactl on mass an € plezoel e rc Spring 'S

applied pergendidutardbfifhe peling akis, xli $pisanede of pizzbeleetrid fesponse

. face_ and the S. it is. |oaded, it generates the
IS éﬂ@feﬂ@eﬁﬁé’nﬁgmﬂp‘ﬁfﬁoﬂ‘?&ﬁ'%en be used to control
the face as will be described 20 hereinafter. In

these concepts it is inportant to tune the mass and
pi e Cogpeplidythe snechamisne usingla siedr nndde preee aobyallyrworks

' i aln ot cenario that,the fac nove

vl iR e el By & < Brivind B SRl rar R for
danting of vibretoyaesponde bhiserting BirictardR SEhe piekedlectritasiement

IntE é_l ttle r(ﬁl ative notion between the face and the .
21,halls intrRded o be imaded insheapisdgeated Sgtween the fasesand a stiff

_ . _ c | : :

CepERAT6Id el V881D )] 2R 9P bR B
impactileading @s shown in FIG. 5b, the constraining layer resists that bending
deformation putting the intermediate piezoelectric elements in shear. In Concept

4, one or multiple shear-mode piezo elements are located between the backing
structure 208 and the face 10 as shown in FIG. 5b so that as the face bends, it
induces a shear stress on the piezo which then can be coupled into the electrical

~field by the piezoelectric transducer. In the typical configuration the electrical

field is aligned with the surface normal and the 1-5 mode piezoelectric elements
are polarized in the plane of the face .For instance one of the elements can be

- placed on each side of the plate at points of high curvature, then a bar or plate

acting as the constraining layer is bonded between these piezoeleciric elements.




10

15

20

25

30

the alternate scenario, if the face noves very

qgui ckly, the nmass can't respond and the piezoel 8ch rdAN 2007
wOSiBioN@ss | S squeezed by the anount that the whusa00426461

noves. 30 Thus the load that the piezo sees and

therefore the amount of coupd®ng to face 2 6 JAN 2007

WO 2005/ 016458 PCT/ U82004/ 026461 31 notion depends

vl 5 e oS Rk £ AOR Moo ibERbet
laﬁg@éﬁéﬁrbsémsh%e g%?u@f‘r{ e §mevmeabt&é1foﬁ ace is 5

noved with a'/ I ne vvav simlar to an | npact notion,
the center of the face noves a distance inward (about

ball | di d back ., t
sos T vEher ke e h6ar SPSe mzoRiRstic BEntar: s a ing
pdlaﬂm redielgtd@Rard ér hard Wﬁé@ﬁqg@éﬁrﬂe E@’ﬁé‘d a@hdut the center of

lisecond,it would correspond to an inp wave form

theéw%s?i% glasia elgwould eet mgfyweéh@kn%swfethﬁmg between
th%?&;%ﬂ-e all%gh%]@&éﬁa%ﬂ fdyer p\?ttﬂ?éﬁb&g v(ﬁ&%hﬁ'{édcé%ﬁaﬁ‘ﬁﬁé rer

ave a na ura requenc
wclsul}g rlniefa'{ q?la(skt\drim t_hg_rmmegutdnaiéamhea aelﬂge Khyg bohted to jret smg
ooks Ll ke .a rigi Qdy under that base ace
gl 15 o it aned s ThRds oo S HENEoTS Wenon of 86 ginospts
préSértbl Wb ole optinRid Rf‘cétiblé RRUMRE ST e THRB MGHGH IS the
noti on corresponds to the anmbunt of strain the p1rezo

piezaplectdgglamerd. t he vol tage the piezo sees in open
circuit. Wth this as the netric, the 15 achi evable
open circuit voltage under inpact drops off to zero at

v er YT Heosthedr rmuemyperaﬁuﬁ & é Iv@meﬁbe&tuaé Ity ngraeduplirgd

| £f piezo-nass sgstems rises up to a resonant

cog ileniimeers aloperalien far m@mﬁ%cmﬁes mﬁpwltngecqefﬁ@ents for 3-3
8981 85l 1SRGV ETEN binipe TR
coeﬁs:aerﬂys deﬁmedslobeelgrvast the ffzmtion m@trfer mqulemmyal érierqy aput that is
coppernd Mo PRt QORER IS 2 Hetalart RerG g face

and the inertial nass. This is because the mass in

unabl e to nove fast enough to respond to the
r el &angepis hidy B, andqLaecsiasticaly woupled systenypi The piezsns

safffezest Bhitoch PR oRcipBubhinbafaey By Prnt e 2GR Yoy
Sihddztheafage-pickwady stemlisiphe of eatdlastic body, deformation of the face
imparts deformation of the piezoelectric. For Concept 1 as the face (an elastic
body)} deforms, it deforms the piezo because it is bonded to the face: Concept 2

uses a support structure housing which connects to the face at a different place
- than the piezoelectric element (e.g., the piezoelectric element contacts the face

at the center and the housing contacts the face in a ring at a defined radius out
_from the center). Because distinct contact points are established, relative motion
effectively squeezes the piezo. In this manner the piezoelectric is coupled into
the face motion. In Concept 3, motion of the deformation of the face squeezes
the piezo attached between the face and the backing structure. In Concept 4,

~ deformation of the face induces a shear siress in the piezoelectric element. All of
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to couple well into that -1 kHz face notion unles
very large reaction mass is used. So what that §€JAN 2uid

woOsieéysg hen is that the designer nust try tQEhRdbi/@sist
system where there is smaller mass and nmuch small er

effective piezo elenent stifdness, supporting that
mass. |If well designed, the. mass-piezo natural

fre nc 30 co nsurate and thus well coupl ed
thbiS GOTFRRts Bl oM SAITS o B1es elsto dolonpaton sy Srataes-body
stRﬁTdrHstﬁQpl%/pR%@ﬁ@sltheq‘?eadT& tR& off\f:‘ﬁJti]h'F%r ftﬁl@ hes%y

tuni ng, the designer nust soften the piezo elenent

c%men@rarmfeﬁ@d to aotipeiively as hasing elastivallyrectiziad dransducers.
make it effectively have a | ower spring constant.
Concepts 6 and 7 shown in Figures 7 and 8

Coresipesbi 8 ehy 7deipBRE @@li@%n%' festations of this
usi ng mechanically anpl1T1€d prezoel ectric
transducer configurations. These concepts act by
l o f oy ' S ' ' .
1t Vol bS] Ly SRSAAeRP83 3 ol F toren
wayl efngatting edoad ity ﬁie/tramsdl.fcer e ugdminedil forces during impact.
lificati ses piezoelectric transducer

TheSR SioBcRRts L@*'!F%@&néz 3 NacgssAny dp sgcelerate 2 massinloesia y
pisRAEIRE cldhferfif ﬁﬁ%tdjle\!ﬁa Eatahﬁgﬂg zlzuié flirtGioh dFa% él]‘é?étion rather

| owering the spring 10 sti et ween proo
thameclatdecdeformaticrsobithe fabe Inethie auhptelséefrﬂnodimdzmt th&re |s a

f f ace nov sslovvl reateto
reddleri s 4 EobR S telaca mbe! e hvad § RISk A5 isaached
bet@een Hi reabtiohtRasd S8 thed Bckelopdd é’l%vyn id Fid 5. The system is
deformation of the piezo and little char bui
anplogersda afraass-priing sx@ewwh@ememeiectac%ﬁrwﬂhe lﬂadad

t.
spHAd, THEHofinG B is chelUER 62 v PRBASe 1 od S riads
systegnﬁ,elad:l[m facehaomsesmderrbaltsirdpamt y)mmalde&ie@ﬁnhibﬁ th@ghm@n of
an ow | ar a 0 S I n ana. .
ingRecigl ondtsind B8 e Eeirdiic Sehrie i tonsed ViR gl
disﬁﬂé@n@ﬂﬁe@ﬁée@fhéﬁﬁefa%@%é"ﬁﬁé&n Ai is l0=088 aiﬂgénéra‘téérﬁ'le
const ant of nms, then you want natural Ffrequency
chafigerangt vcﬂtag@pthah@emﬁeg ke ysashio eortiel Hheoface sl beasiescribed

oading in the piezoelectric elenent is
he}rgaﬁéhrrélrzed At high frequency, the mass | ooks I|ike
nor e of an inertial reaction nmass. The piezoel ectric

ele ushes off fromthat reaction nass.
thes concepts it is important to tune the mass and piezo “spring” to

couple well with the face motion during impact. In the scenario that the face
moves slqwiy in comparison to the period of the first natural frequency of the
spring-mass system, there is little relative motion between the face and the mass
and therefore little piezo ioading. In this scenario the mass follows the face well
since elastic forces of the spring are much larger than the inertial resistance. In
the altemate scenario, if the face moves very quickly, the mass can't respond
and the piezoelectric “spring” is squeezed by the amount that the wall moves.
Thus the load that the piezo sees and therefore the amount of coupling to face
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This allows excitation of direct surface notion in th
face by force between the reaction mass 209 and thd g JAN 2007

wobaos/0léss 25 Concept 5 has the obvi ous probl emcafusb@iozessi
piezo tied directly to a mass which ends up being a
very stiff system requiringla large mass to get the
natural frequency down to the range best suited for

Qe (R g ool and Sprid GPastaR aicbe Sysigh and the

tlm@bp%faﬂ;"q@m gn. For exanple, piezo rods
consisting of very thin snall diameter pillars can be

enbedded in an epoxy to |l ower the effective stiffness
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wor ks h a particul ate conp osite usi ng
m%eéz%g%qq ipwagg {abaut éltremwndeémwoa%yg eaq @@meﬁ;}oﬂwo
noRE B9 2EHAFAR SRS A AR e
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2os>esfdetﬁe sﬁmgém&:ehm;Iﬂagetematera@ﬁ%&abﬁ&ﬁﬁmhn?%l@jﬁmc‘éﬁhw

fied ncept shown i n FI ustrates the

gfﬁféﬁ%mn fhate@ﬁ%kHZathafewﬁﬁmdack%Nm # figist badyounder| thaldvase

(fabSFBIBAL In s Shaniarl el isi T a1 Plie cefamatiop jndne
pleab et mamn’a chirespontie tb ied ainpliat vldtyaih #i@ piczorsees
d v stroke piezo notion_and turn it Into
andiiys e \pliPe tha piszorsrios o appn el Biiiis s Bafic, the
acﬁnB?alﬁEfcﬁfé‘n' d&uﬁ%ﬂ%?é‘ gnd&"iﬁ'fgdc? HFcst & tqt 1o at very lo
mechani cal arrp | prez IS a ower t n the

frequierey inputs (M@ﬂmmgon oppddts mdtstnﬁfpl@itemalse zag_steyns) it rises
uses

op 1 BbhondREeR i FRIRETS SRR Er iy W e SSRteh o
thesqeingy inass 8ystain With S RIcERd@AgRl 1t iR ﬂfEltﬁjﬂHaﬁi&Eélfrh&?e of

(in the directing perpendicul ar to the face) creates
therspringoness smiemyﬁ batw the orerag iftequency, taerpae the fame mhees

thegie%&P ﬁgéebﬂ%% ﬁ rfélﬂs%uﬁtpczﬁhgielgﬁv%gﬁog%%tlm BeRlS&Pthe

moving face and the inertial mass. This is because the mass in unable to move
fast enough to respond fo the relatively high frequency face motion.

A typical 1cm by 1 cm by 1em cube piezo with a typical 10 gram mass on
the end, might have a frequency in the 20--40 kHz range. That would be too stiff
to-couple well into that ~1kHz face motion unless a very large reaction mass is

- used. So what that implies then is that the designer must try to create a system

where there is smaller mass and much smaller effective piezo element stiffness,
supporting that mass. if well designed, the mass-piezo natural frequency is
commensurate and thus well coupled into that ball impact.
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bet ween the reaction mass and the face. Anplifi ca&ignJAN 2007
rati os may be anywhere froma factor of 2 to 100
weiesnsm®s | notion creates a very |arge noti onpcafushiRinzess1
20 system A nechanically anpl ified piezo actuator
produces hi gher stroke and 3Rower force output.
Therefore a softer spring can be used between the face
and act mass to | ower the needed reactl on
mass'© S AghigYe fM%FreﬂB%fmfeamf thpeiesigrar U soHenihe piszo
olmeREp) eRherafBkinGi iCRirref or aéing%ﬁ%%ezhéﬁ@mo' Makd f¢ 8
is a bender configuration. ossi b mani festation
efigctively hevensy lpweb énﬂm carstants Céomm@tsaﬁ @mlda?f slsaw jn Riguhes 7

o S Uy B S B U 5L B ey

am;ﬂlﬁeasp:@,foaﬁecﬁﬁ@ traﬁbmder%ﬁﬁglﬂéﬁoﬁt Vﬁé@c@@céﬂﬁ@hcﬂ e
an s and bottom contracts. That causes "a

IO‘B r%g Ffegtive S@rléﬁéﬁﬂsta@t 9f topHigze elemeasbiawag them for astack
oG oy iack skrhie CAR Heey Sl T3 el Z&\?&?@%ﬁ%
mm'_aam plefzoelhcmcctmnsaﬂec@imoi@ whiileclewenitig disfbleckadoforae,
oty bt b RS e e 5 o
st:ﬁﬁéﬁl’ﬁe@e’eﬁ ﬁrébf‘ﬁ’;aﬁs §f'?He| reﬁbﬁ&r?gié?% I8 th8 wdll6F thé 8.

of the bi-nmorph into rge tip ection
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a plezo vvafer W' t ectro
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eiemmft ugumdmaedaﬁblrngmlr@diuémpdme méss Boks liRkendretof WriiRertial

%gh coupl_i. coefficjent
reaction mass. The piezoelsciric element pushes off from that reaction mass.

| This allows excitation of direct surface motion in the face by force between the

reaction mass 209 and the face 10.

Concept 5 has the obvious problem of the piezo tied directly to a mass
which ends up being a very stiff system, requiring a large mass to get the natural

~ frequency down to the range best suited for ball impact coupling. There are

numerous techniques for lowering the stifiness of the piezoelectric by mechanical

“design. For example, piezo rods consisting of very thin small diameter pillars can
~ be embedded in an epoxy to lower the effective stiffness but keep the piezo
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but has much better force deflection characteristicgs.
In this concept, the bi 15 norph is typically situ%tﬁad’AN 2007
woebosmesysg he proof mass 209 and the face strugicdigs2ddd/oze46t
FIG 8 shows the single bi-nmorph in a proof mass off
to the side, You could havé%w on opposite sides.
Bi - nor ph transducers have properties making them

o i kRS PSR EE oe
alSe Yok Sweld Wathed bamiclidie coBodtelliing RbiLodIBLAK MRRTUIAE in

the bi norph can be changed as a fuhction of the |ength
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i Ci entl¥ coupl ed systemto tip, notion, Also it's 25

fici. \ .
- 00359%“95%8@% BleZRAXEeM, 1ech R d1avings the piese dRiapitas a
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a ingehanigalcamplifierst! Odedower theteffeotive stiffnesBhafitherariplified s

iR < Inah wduPfoa bR Afim BB Bl macBoBicatmpiiers
thatrtekg yeryclargd fdrde a@WeBAsabll sRokdBicsbRstort 8Y&turffit ibtte
piezo so you don't have one hi %Elﬁy 30 | oaded section

mugh lergerstieke, hrblowies faree putpulh Begicelindbe effectiveeoupling
coffietrk U irke méhafiolly 988 RS0 55365 Bud 1B hY Srective
coBgliFig SEHdieAL6RBiE pisto by selhi Comtaph s @predertadn apprdith
TSR LT s s gt il e
degii?ﬁifétioﬁ%?"tﬁé ﬁrﬁcﬂf&naﬁnﬁlme\‘? ?ﬂo*?"ercgfe‘gﬁéézﬂe@%&!ﬁg & f8%ce)

fferent configurations - nor p
crggies hotitentahmotion sntidsiprosationidfithe pisizoa Al #ie miézpelanges

Sizgi o i oeal o 5 el s Tonae ool R ot BUties qrRuls: o

betwsar feaentlidh tatsamdaht fadd eAmPn@éatm%ﬁbé nfay be8nywhere
attached at the_ outer radius of the piezoelecCtric

froy HRGHer ofi fo 2PRc Measmal maties dseatesmhveryiange motion of the

Sy SRR IR Mol M i 801 B cos tygpeyystigle and
lowendorcei duftpute ntherkefdre lat sofien spengcéin beadieddsgwode thd fadayand

the. pi ezoelectri )
the aCtion Mass ]to ﬁ)werrihe needed reaction mass, lower than required if you

had a piezo without mechanical amplification.

Concept 7 shown in FIG. 8 is a bender configuration. One possible

manifestation of the bimorph bender 211 is a rectangular strip with one central

layer of shim and 2 layers of piezo on either side. Sometimes there is no shim,

- just 2 layers of piezo. The piezos are actuated so that the top expands and the

bottom contracts. That causes a bending of the element very similar to bending

of a bimetallic sfrip due to different coefficients of thermal expansion of the top

and bottom layers. The output of this device 211 is force and deflection of the
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el ement. The Concept 5 enbodinent is shown in FIG 6

The piezo 21 acts between the face center 10 and a 2 6 JAN 2007
woassstiiens nass 209 sized such that a first 1pa@usoedozedst

frequency of the mass on the, piezo is comensurate

with twice the inpact durati (tuned). This inplies a

need for anplified or less stiff piezo if I|ttIe
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FIG 9. In this enbodi nent actuator or transducer
21 with electrical leads 22 is disposed between the

bod¥|G. 8 shows the single bi-morph in a proof mass off to the side. You

‘could have two on opposite sides. Bi-morph transducers have properties making

them efficient as electromechanical transducers. Instead of having a beam pure
rectangular plane form so the beam is constant width, the width and/or thickness

of the bimorph can be changed as a function of the length along the beam. It

actually is advantageous to taper the bimorph so that it's wider at the base and
reduces down to a much narrower platform at the point where the load is applied.
This works as a more efficiently coupled system to tip motion. Also it's
_advantageous to change the thickness of the beam as a function of it's position
along the length of the bi-morph. It is best to have the thicker beam at the root
and thinner beam at the outside. That maximizes the stress in the device and
minimizes the mass of the device necessary to achieve a stated level of energy
coupling. You equalize the stress level of the piezo so you don’t have one highly
loaded section of the piezo and one very lightly loaded section. Relatively
uniform loading increases its effective coupling coefficient. |
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of the club 11 and the face 10. In this manner, I%ags
bet ween the face and the body at inpact can be JAN 2007
WwOasedds i nto el ectrical energy by the tranIdIwEs004/026461
during 15 inpact and the facg can be positioned
relative to the body during 1 hpact by selective
control l'ed actuation of the transducer elenent(s).
These actuations can be used to change the positi on
as rotation of the face relative to the body

Suc
couhl'lfé? Blenofrns Joit biavhto britestengulanalemepts: eTheyycould be

BRI ot Y SR I P Fr B e gpooen
fabl;x%temas'ﬁwvéd sh;mctusesq uﬁsere@r@tnahyaﬁﬁerbnoﬁmmguréfbﬁéﬁﬁo‘ﬁ |
face is repositigned fromit

piBFS Bi- R R Lt bl Gois sdhe sPrsibbres dioE shapa (i)
blm@pht&dzﬁf BOY oﬂn q'h'é%abzoéf@étnb %ﬁh&‘bﬁedlsct, Beatfa%ﬁgg%ﬁ %r%céﬁter of

usted slig in off- center” inp even
tha ketodbp L@qamrﬁln aj stapdeff.cBhe prcmfeniastsas actiigeatbached at the

oS 8 BB ARG e D5 B3 P e can be
axissygmimeéc bed ehifbrnh or Qé@tbké%ﬁc:hﬁunﬁbmhﬂﬁ (Pi8 ?)lédeaéhé‘ped

ect to the inpact event ositioning of
seflie®) o iet Sitarenis) UsepUuedusisshe Hmces oty BaaAGIsIectc

eletfient N an al ternate node of operation, the face is
repositioned during the inpact event so that the
i nduced nmotion itself causes a desirable effect on the
utco For .instance, the face can be npv
t ana-g'ﬁt(? (%@l?%m‘ﬁ 8 Fownyin HS. Ba cthenpiera i)t %Qi%h

behtiddn iHﬁaEé%éniél‘ﬁ@)%ﬁd Q'reé(tﬁ{o?}%éys ﬁ@%‘sﬁ%d%dcﬁﬁﬁ&ita first

beneficially effects the spin through t
”3¥LFﬁ'cff$%mCy|Qﬁtﬂe@ masé drethaguero isttonaensurate wik twrm the

impEIRRLAGH (W T BBAGS ot for RBSirERbrapse B4 Blezo'

httlee'éacmm'gmelss Ilsmsedis Itigatchaliéfid toshake tHeeﬁlékb IsBf érfd@ugh
act event. This _spin control can have desira

acaH (gL e PRera B SHEANOUSIN D MPeeh 0B fobalat Hdunce

fregéhdo! A hasg@fééz{noﬁfﬁ,ﬁée iy el Bglffgagr ound. | 10 In a

parti‘cul ar e 'noved upward
tangentially to the face normal axis during the

| np‘?ﬁe o \ﬁ%gtpt 6 embst::dp rﬁgn is S %%ﬂ%'#u&drt %'hcl)scl% {keocr)]cljr%/cept 5

-except one substitutes a mechanically amplified 210 piezoelectric actuator. A

motion amplifier 210 converts small piezo motion to larger relative motion
between the face center and the reaction mass. One may solve an impedance
miss-match problem but there is a potentiaily heavier and more complex

- mechanism.




10

15

20

25

hi gh inmpact events that woul d otherw se produce tapg JAN 2007

high a spin during inpact. That too high spin can
wO6us)oigds® excess |ift and decreased flight dipghARGRI4ASe161

is 15 known in the art. The velocity of the upward

notion can be a fraction of 8Be ball tangenti al

vel ocity |n this sanme coordinate frane. In this case

t her be | ess relative notion _between the

surf i@e Cémpepﬁ@ grakadivngpt ischonesinl RIGa§. iAbimaseh bggdar 211
f
abf@ el f¥fiase 9D bl thebBfter 3 fhel REEAIC P TR Eongepts 5 and
SQ?UGFﬂarﬁln'@@ﬂ‘m piegb l:@:)tweém thr?:ﬁapé @éﬂ_fa ﬂgss alticam use #s
t t t
A Bl e A Atk JFosn bae BHILHIS Fegnaular or
tramgluldréteped Qﬁrﬁbfpﬁ%sarféf meﬁesP' OReh nﬁ%@ turid @"é flréf PSS ReMiral

excitation of the face reduces fa effective

freguenciole tb@émpa@ﬁ event anditien smneawﬁctqm;@ toihalp sate the

o4 S 00 300 AR of FRBIGRARaL T KR ordd e

coefficient during the face 30 oscillation, acts to

reduce bal | spin induced by fri ct| onal contact wth
Concept ciuator Loupleddebwedan Fag : flight have

shown that reduced ball spin resultl n 2 6 JAN 2007 WO

2005/ 016458 PCT/ US2004/ 026461 38 from i npact | eads
t o i e Eanedpbdembodiment isshawhiin F1@f 8.edrt thieinbotiment the

aef chtranSiTeR 41y SRRl e e HlishasebBveen the body

ofttheltiliead apaaRd raed{ @r lr’hﬂh@‘m@ﬁﬁgﬂvﬂéﬁ!ﬂs Béiwb@ﬁ %%e face and the

conditions the excess |ift caused by high spin on

basly at impagt can br cenvearted itio wipatiics| eaecgy;bwmedranseigaem durmg

injoRcP afi 150 PR PREHHS Bty P8 o838 ring ippet by

salectival ctormrmﬂed @efuationrof thrdﬁmdea@@nédt(sghﬁrréeéwb@tons can
10- 20 @1 in,sonme high relative velo

b Yaeihid SharGR e RN UGS Tokatisgkt in éaCES?alfQ'ata‘ﬁdOt’fh@ body to

cousraEBthedobtidnaadlided iR ths%yggmcgg S4fifERhBadl ! he

ball resulting fromi npact espln
leads to reduced cross range scatter and increased

ACCURQGY elirg rrtlunf?pigrni]gaeés cl)ft o;:;esratlohns poss;b?e with this configuration of
the system. The first is quasi-static positioning. In this mode of operation, the
face is repositioned from its initial orientation to an alternate position relative to
the body and ball. For instance, the face angle is adjusted slightly in off- center
impact events. The angle adjustment is pre-calibrated to achieve a reduction in

_miss distance — for instance compensating for a hook or slice by re-pointing the
face. The benefit is accrued by changing the static (with respect to the impact
event) _positioning of the face.
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the intention of the invention to provide a system
that can inpart the requisite surfpace osci | | gtl on? EOFMN 2007
wohesohdibd ace so as to achi eve the known desi rp@lqhgzommmﬁl
benefits of controlled spin reduction. The systemis
controlled in the sense that3%nly the 15 high velocity
i npacts (those which exhlblt t he undesi rabl e excess

tri h [ ]I at Lt
72" P aorgbls 95 Bordhh. 6B o6 M reiehioah o
inAEe evéRt So fRIOINIaeed fiotibh d8eff eHUsdd 8Mes¥abIBMEffect on the

~entirely fromthe energy available at inpact between
maest goicomsa. ubohivstensadihelface aan beheowas) tangegtidiii ng no

(rEoiciial ik R oo Sl el et et uefaelt guring

infbact benefididliy @ftscts Gachal gim fgough hafritiblalhii@ize between
anpl it udt:El near or ahove 120kHz fo dramati cal | | ower
thg hall a5} themnave tangentiplit NgWEgSLUracealThe Taca san wedeicegkte have

Eﬁﬁ%ﬁ I
H?Q\{é;[b&ly ﬁicﬂi%ag 3@% leilf% trclﬁg g?tr‘éﬁg S)E cer é@ﬁ% ou plf) e d@pln
resolting érdmﬂe Dhopaat @vemp afttis spinecontriol agre havs elgsingile leffiects on

rea hes rit er |leye set .in

the REBFs a1 A ad el bERavIPOAeIGt bl heground.
which is tuned to the face node of interest (120Kz).
These high frequency oscillations are shown in FIG
13 tlB ate@fucleiaf ryample; theface sahfbiecinened awardﬁ@mmtlally to the

faf:é’ %ﬁﬁfg{; ﬂ?%fr?ﬂéat %v% {lﬁ] %,ggrg pe @?@88%‘ tg oceur only in

hlgleﬂubéd:tﬂﬂ/ehtﬁ thas pionld éengis€ pradUudeGoddhigh avpirt Haring |mpact
Ita e tlma hi stor%/ anal o ous to that shown in FIG

Thes tog figh spimcan segul 'ﬁ@@sﬁ@ ﬁnmde(:feraa%!.fbmt distapggas is

k v
EAPABNC ARG BT PR PR AR Karr B AP i el
tangéntiad waldoity irnthihsame copmlinatedsaneacir this case ther€willbe less
|l spin . cate ig, sho n erein the ball, . spi
refifue midioh fiesndng BAl RyrEemand e teti sui e ramytng Fufss
spirPis f trfe PANYGRSY Misack @ndthérefseirbral disnceiduring figte.
The effect is predicated on the hitting surface 5
reaching a critical peak acceleration during the
oscillation cycle. The critical paraneter for
friction reduction is that the hitting surface
ThiecCuireatly) Piefierred Embodiment (Concept 2)

- Principle of Qperation

As the ultimate design goal, the head is designed to convert impact
energy into high frequency, high amplitude vibrations of the club face, High
frequency excitation of the face reduces face/bail effective friction coefficient

~ using the techniques disclosed in the Katoh and Adachi references and known in

the art. The reduction in the effective ballfface friction coefficient during the face
oscillation, acts to reduce bail spin induced by frictional contact with the face at
impact. Simulations of ball flight have shown that reduced ball spin resulting
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intermttently break contact with the inpacting bgl b'Jﬁ‘N 2007
For that to happen in a ball- face inpact scenari &,
wobesataes erati on of the face away from the baldrihasdo®sist
be |arge enough to break that contact. In effect, the
face nust nove out fromunde3810 the ball. This only
needs to happen for a short fraction of the inpact
event in order to effect the ball-face friction as

freRgAIPach 198l todncreepeR @aujtﬁav%ﬂ griiom effectivedeal! valpgibt
%é??a'ri% 'ﬁé’sé’é‘?ﬁgﬁbﬁa c?‘ E%ESCIE&CF\N% ﬁ%&f@?ﬁ@?gaﬂ%elocltles

oad bet ween ead
i.a.3hightthead dpedd Bader highﬁdadmm rethhess Cbhél'[lba‘-& Ithe excess lift
t ual

f
et Rlahetria o té baffsudls i & pelaBH HelhtarAuih resuts in

a RBAsiterand esdictidnih @B\m%ﬁb@t {éc’c’dfyr @t@dub@ ha9aGholvhhat a
eak velocity after the 1np event. In order to

25 hagrdusiinn ickall spin ceadecraasa d@wn cargafightedistanceay 10-88
f |
varB8 i Sfle b 1By D Qetocfif SriRE O, (o7 ot Teast @

suffl ci ent accel erati on backwards away fromthe 20
r .to break The anplitude of

oot 'Riiaavor@gwapnmt\men foe helard ace £re soipgel iy regjuced
sitiB&in Sur%‘b%‘"%éﬁufﬁﬁ%%ﬂ'l @ﬂ:}é%'li ﬁﬁﬂﬁc B8R Fde%gf'ﬁ't Iﬁg?s tde

peak ace accel®@rati een oun
resiuced ceosssrenpgkscatigr amd increased adearaaydn dlee dfivés- #ds therefore

1. | i d f i 50-12 KHz . .
iR SR e iEfSL in PEHE R Semingt Gy Bt g Teguisite
sarfa@ecmimbnb FnRe Iltigcd &5 as &NdchiBee bﬁé knaifn desiteiie $enefits

range of inpact conditions. Lower surface notion
rolled spinaiasiuctien débe isystereis @sotrolled invthegansedhat only the

h‘@@ﬁ%@’r&gg’mﬁ’g@%@%ﬁﬁ%}%g@%@%”ﬁ%ﬁﬂéﬁ e Vo
triggerthe, sgih esduding oosittatidpac Kt na\fmhérrrmmttihw iftemtioradf ther y
ingedHon oo his Gt P GBoR BRNCACD SYRIET Sy fam e
1A 0GR TpA oGS Ine ot Hl HeRe kit thoreby
reguiging ma extonral power stpply suph as < battdrgadi ng 5 due to

bal | inpact and actually break contact between the
ball and face. The face actually noves away fromthe

bal ISisundtrr® ihaRbRy thehdiity bea PrdH fré@merrméﬁ cllf9 fadee

| owering of interface force. It noves out fr
osgiigting ¥athra AriO pYgrpn amplitude near or above 120kHz to dramatically
fower ball spin rate. Simulations of a ball —club impact are shown in Figures 12
and 13. FIG. 12 shows the voltage time history of a piezoelectric transducer

coupled to the face during impact. The voltage rises until it reaches a critical

trigger level (set in the electronics) at which point an oscillation is excited which is

funed to the face mode of interest (120Kz). These high frequency oscillations
are shown in FIG. 13 to reduce the friction coefficient and tangential force
between the ball and the face — thereby reducing the rate of spinup at impact and
the resulting ball spin. Curve C in F1G.13 shows the voltage time history
analogous to that shown in FIG. 12. FIG. 13B shows the tangential (friction)
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The breaking of contact resets the mcro-slip re%i n
used in a comon 10 nodel of interfacial frictio IJ}AN 2007
wbhidnlédsgt i on nodel (Katoh) shown in FIG  20,pctfih6ds/026461
its a small anmount of relative tangential notion, u,
al | oned between the bodies 3%urfaces) before t he
frl ction forces build up to the levels associated with

roR4 RERYRRS ekl Eisdnes Giisating ¢he FRiisdpa atorddd £ € high

fré@?éﬁdyfdséﬂlfa}:onf"h C. A% Ball étﬂﬁ tréat%ﬁs %ﬁoﬁfﬁhﬁﬁ BESvherein the ball

\S£I acenent between the bodi es u. This region of
spigwees mgt fnqr@ase)ﬁmng:tbeftfme; thatthe tangestialdoreenigenducad due to

t ARaBbhe of et BBe IBlarRE s proghaf o GG 17 Ere
rea@hingea offiticgal Eemk ebeélermnohrcmfﬁb the @b@aﬂaﬁbﬁ cléa nTﬁé Gnt:cal
€ asy tOtIC | evel associ ate

AU oF iR dRoWRe ratibe BiaD Ayl 1oak (dluidacs) AR 1o

mférhﬁ’ﬁérﬂfy B’F%%ﬁ cohfait ﬁ'f!tné L Sliifye qgﬂ”ﬁ@%é’t’\&@#eﬂ in a ball-
occurs to acconmmo ate ere at|ve not 1 on ween

fack enpacﬁmrlbemm:cetwamoﬁ m‘rthacfa& awayifmont thesbalphas to be
Thi s i nte face nte t he Adachi

Ik Spoufbele 1Sk Tasheoniactn it Sieeto DEviag st N oulfepm under
thbaeh. TeRebA 'ﬁé@d&é 8 PEPpen ch}% SP%H ﬁﬁéﬁoﬂ‘éﬁ’tﬁehﬁﬁa@%ﬂ in

relative nofion to be In the asy n]ie_totlc region, the 2
orgey t9 effpas dhevbalragairistion as sbowoduFiGohB.y Sutncet ding the ball-

fafi ifBecthfid B BniPbac B Mt Ger B8 0between the

bdtblra'ai(ﬁheg'ieamtshoi;vn ih G, $$Adﬂ'h& lm?ltﬂaaé r!cﬁmbhb!adfdwees the ball
inte ted to a | ower_ average friction coef

tol?é;p eiiR dhe directigrofithe evgplual Qalgﬂl\ghm fb@{zall mmtnal!y at rest
a@@l@h(ﬁ%ﬁ) & {'ﬁ éﬁi Cﬁé\éﬂat%ﬁ r EEI‘E{ r%atéﬁ fRs @%F%Iﬁty after

ynanlc I nt er act occur ur n
the avpau:’mm !nTbeje‘rdxn bwkccmmtehm m'ﬂecfageumus% aaseladte at a level
to.the Nor mal

o pERtet S el Sreg ol i Kas andtion of KE G g

so to first order accel erate the ball and do not
di rectlty i nduce spin. The 5 tangential forces that
ar i dderiggmhasdofreach a shffisiantacecleratiopdiackwesds away fros the

ool oo s Sa ke i hARFERE. HosFAERAL Lo haece
tinsbs taetfrequedmyldﬁ thathecitlatorg tatibntgegiare® Bqiropueiohal fothe peak
surf%ce acoeleratlon It has been found that surface oscillatory motions in the
range of 5-20 microns amplitude at frequencies in the 50-120+ KHz range have
sufficient surface acceleration to break the contact between the face and the ball
in a wide range of impact conditions. Lower surface motion amplitudes are
needed if the oscillation occurs at higher frequency (all else being equal) |
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starting a slide up the face as it starts to roll. AN 2007
the tine it |eaves the face it's 10 usually roII|n up’

wohesfoasgswi th little sliding component, i.e. dcifuddlilozesst
isrolling (spinning) at a rate such that the point
of contact at the surface off0the ball and the face is
not rmV| ng relative to the face contact point. By
the effective caoefficient of friction

F o WBRN R osBiits: ek nquasdack AV LEPDENe Hal A YA igh
adéélératlcﬁ'wdiés e é’%{ bfgr ﬁéf’ﬂrbl%%tof lithel OTH Bt"léﬁﬁ PéMbri 8 that

13 trace t he tioni1s 15 nough

the mﬁl.tcad@amﬁacalmcbtmmbas aigréatmpoupb amplittucdﬂ ami freque:p¢mand the
ur e roll Ther e

sk FeeRBaudiuilighiBR budh 4 §ershRie i Gomi pgeve Idading
dueftbagdll itpecband astially beéukt cfdi*ité‘it%t\lf@éﬁ thd i9aIFaRd iR, The
|l ead to ball spin control npl enent ati on 20

faqeaciyally Bavies aveayi fgeradhe bal gptfacs%fa%r taam tag bakl eam rerpond

o R loikidh iisE oS! Wipdidh Uatrdh eI NAR

these to control friction betmeen the face and ball as

d [ d ab R [ t
o e ThatEeRng Gicomact Sl TRl o-oR Spaused i asemson
mated oF IMEaas: fnbﬂor? Dy ﬂPlLselfn‘éﬁér‘? %o%@b@@étfiﬁ Séhd\ﬁ?lrﬂaf@ 20, there

pl ezo transducer nost ense as
is gemalleamoant g reiakvabmgﬁﬂt;abmohem thatibwed betwean the bodies

f
(R el e MR eps blla B IS g b asRbialdd B
Caulldrmbsiitiigg)Mrieian.| P, 200whieR i€ biotf sifective ﬁﬁ:ﬁbﬂtdo@ﬁicxent
the i npact_defornms the club face onto which t

(tappepisal cosifidient), e resor functips of relgtivecdisplacemept bermsamﬁhe

copverted ,to,electr

o, MisteBiel oM ing i FRECH IS guf 18 e ieenter”

elastieitie at thef interceMAsthehtirfabeseids p&Siaeh dihdr, e frickon
10. Th§|¥2 F JAN 2007 WD 2005/ 016458 PCT/ US2004/ 026461

grows raidy{indhecoursmel afaw guerpns fravel, méedplm_éuom k3. 3Q) up to
thelt %ﬁiﬁé{{éﬁéﬁ?\ﬁe’i %ﬁESéléfe%%ﬂ{jth% &fo&@ |c aﬁv@e%ﬁ i sfiding

e open ci rcu|
sudheesyi 'ﬁgs difictabun nnngjel repwaemfmmicroﬁefmﬁlqmdhat otdugs to

acff0ere s Biqe Bt PARHER e RLans betols Bigintsriaces
begini totslip. TWis Piferfldd Mbd&lid prdsented in the Adachi reference.

By breaking contact between the ball and face repetitively before the
objects have had enough relative motion to be in the asymptotic region, the
sliding between the surfaces occurs only in the micro-slip region which has much

lower effective coefficient of friction. Over multiple cycles of breaking contact, the

sliding motion is therefore integrated to a lower average friction coefficient

| between the ball and the face.
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5 FIG 10 is closed thereby connecting an inductor. . '
or L11 across the piezoelectric electrodes. The ﬁlg JAN 2007
wonosmieuwssi s configured such that the resul ti mpgrhiee4/026461
circuit (the C being the capacitance of the
pi ezoel ectric element, and #fle L being the shunt
i nductor) responds in an oscillation (ring down) that
initiates u tlon of the i ctor c
or ol pes BRBpsr B Gitaigaaterasione otfidhtiur dorpite ball -
faéé ﬁnﬁ&iteqq'%ﬂfoﬁié%fbafnﬁ%t ughf 64886 ﬁHrmta'ﬂﬁa fHervacé@wa

i's approxi nat el t uned s described below) to a gh
tangenfiad tchedfppamNersel iqmm& att thm:ghdhetcaeterfoémqswﬁhﬁ ball

a2} TSt Sioh B fraTR i 8P 9ot 40188 ot Pl SHgirhe

tahigerdiee iried Ger affos fron tmacmbh@ﬁ befvdan theiallumdothefiee act
pl ezo el ectro-nmechani cal coupling, The systemis

baffa &g glieet the dangestieheamperentiofvelocky as \&) asibe hallsaim
is sufficient to control the friction between the
ball and the face as descri bed above. The system has a
nunie lthmfar@estlgrdm%:m:e slutihgthe\colirse ofitheeingpaat egsetl the ball is

sigiiie 58 0in Beriocis matateld tllo i e firalpechS seee its

usbigily ﬁ:ﬂln‘i@j 1913 the RRBSHEANES SPﬂth rcoh%o'n@hf .8t tﬁé’bé]f istrBfing

ring down/oscillation. This maxi zes 'the oscillation

(spinpingl atia ratersughdhat tha poird of spstesteat thedwiTagaed the ball and the

fackt S i RGBT &bt i EPRHAT ot

coaﬁ‘biefm oﬁﬁucﬁthlbebﬁe@leﬂw b@&ﬂﬂ@&iﬂdce?tﬁe%@@@ teewhichahe ball
shown in Figures 2a and 2b is elastic

SPRI B TR 1 CoTURERs Shomibe I Ca d SAEaaE O 14 fiction is
redlicdy éﬁo(‘}fq{‘lg ﬂ‘@a Fvg@ﬁﬁ‘él ifgR2s will RSt ﬁé %&ff‘éléf?lt% %%lp‘igﬂ t'heo‘%li to

desi ghe the 1 nmpact electrica
thaupeint of ptre rdilinge Therefood Binae dne Epweokanfiiction) farcesidirectly

the.s cted the f. freq
et Rl 4pu. coRTeIo IndTR reen F41 logdap b Sbin e
energy into high 30 frequency oscillations of the
clubface. As the piezo charges up, when it reaches a
er level), the control swtch (QLO0 and
Qll in FIG 10 and @B in 26 JAN 2007 WD 2005/016458
PCT/ 1JS2004/ 026461 43 FIG 11 is turned on shunting

an Théwysiem acdesignddio ¢aptiiedtielanep@efromi thewdl club head
collision and use it to excite high frequency (ultrasonic} vibrations of the face,
using these to control friction between the face and ball as described above. ltis

implemented using piezoelectric elements elastically coupled to face

i deformations. In the preferred embodiment the same piezo transducer (in the
. most general sense as defined for piezo above) is used both to extract energy
from the impact for powering the system as well as using the extracted energy to

excite ultrasonic vibrations in the club face. In operation, the impact deforms the
club face onto which the piezoelectric transducer is elastically coupled such that
face deformations are converted to elecirical energy (charge and voltage on the
piezoelectric element) for example the elements P10 or P11 in FIG. 10. The
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pi ezoel ectric and initiating a high frequency
oscillation at the frequency determ ned by the 2 € JAN 2007
woOnesoiess and pi ezoel ectric capacitance as il Ipggtusai@@26461
in FIG 12. 5 The frequency is determ ned by an LC
time constant. The inductor 4% sized for high
frequency resonance and shoul d have very | ow
reduce energy |oss, and appropriate

el ﬁl%'glfsg &g comblatito dp plergelesticdeanseignraneconfigured such
th@lr’ﬂ'keﬁi@ib?s inﬁ?a?l %é@xﬁﬂ?ﬁ&fﬁhﬂf&gﬂdﬁloﬁ%ﬁﬁf@m dcfha‘?éllfqﬁﬁpsdurmg

he swtch can eas| l'enment e
thmpamt tAta&@hsmrﬁ tiog pimughctntcrmitagwreaum a wiitidal idvel

O TNl bRty RREAYnal BB fi Lo TR RL I in

Fi@.¢ mrwbsydméréwsadmbbﬁqg:amrﬁﬁkﬁfrl 1Sfg GrSLﬁf acrbB@ the

swi tch which w be di scussed hereinafter. 15 Face

- Pfaﬁaﬁie@f@@@é%fﬁdei&?c Thednguctonis genBgursidesiiahi that therreeultag LRC

it 0L g LSR8 S4B b o4 B 81 boig

“thelshugendutios) resppads invan oscilldtiondeisgaiowrd that intixtesalgon

|ezoelectr|c transducer 20 simultaneously

C%*egh%ﬂ Qgﬁ"et HIBUEPF sEGut acrpssibe Mie%e elasdorag (hAcomponent
veﬂ%’éﬁe‘ éé]ecﬂé@sh@ﬁ Bt tﬁ@f%gg%ﬂﬁéﬂpgﬁﬂg?%@@ %S%i%ﬁr{)ﬁﬂ)ately

fromb I npact on the
fugesh{as dﬁscrtbleel liclow) @sa lmghlframmnp dyhsmid $truskonad modenaf the

faGa/plB8 I4fAm Sth A e Bod RicPllotyer J 76 Yoty igsponse

fumt&hﬁﬁ\FlﬁlQZQQH@ebQ@aﬁéiﬂ@ﬁgﬁﬁe%C mcé%étrb@uoscmanon by
i ezoel ectric ogen 25 circuit votaels

V'ﬁl@;%@@rﬁl@éﬂ plecrpanechenjgsl @ﬁUQImQI\BThJEh éy?zteﬁhgfd@nssgned such
th%gﬁ%tﬂ*%ggéﬁ?@%ﬁﬁ‘gé E\’iﬂéfgg@ ‘fl‘f q%‘g gﬂﬁt?&rtﬁé ﬁﬂ%tloplgoe"iween the

baucandage.faﬁ'aasmsmﬁaafm@ments the response to center
hits and there is a different curve for each hit

| ocation located 0.5 in fromthe center location in

e s e R

Thqmtemﬂ%de@gugém ety chergagp the pu&o]io abfginMhaximum

oA e S RSPl Bl Do B o ring

down/oscillation. This maximizes the oscillation amplitude. In addition the
system is designed structurally and electrically so as to maximize the coupling of

the piezoelectric to high frequency face motion as will be described below.

Piezoelectric element (21) shown in Figures 2a and 2b is elastically
coupled to high frequency face mode so as fo excite high frequency vibrations.
The electrical circuit is designed to harvest the impact electrical energy and use it
1o drive an oscillator approximately tuned to the selected the face modal
frequency. The electronics convert a small portion of the impact energy into high
frequency osciliations of the clubface. As the piezo charges up, when it reaches

‘a threshold (trigger level), the control switch (Q10 and Q11 in FIG. 10 and Q3in
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transfer function noted in FIG 21. This figure of 26 JAN 2007
woRsoslo1ds5$N) can be averaged over a series ofpchjds2004/026461

|l ocations to yield a design FOMthat attenpts to

maxi m ze the piezoelectric ¥ tage that is generated

by a range of center and off center hlts 5 The

oypl.in h frequen face mechani ca
Fifod b Ming.on D ebaRieror GomRans PrevGHslY FRRETH
pléibéfééﬁ'lc%%d inikfind h%rﬁf?fré@ﬁérﬁ:?edgcﬁlahﬂﬁ at frRBéQliancy

function from applied sinusoidal piezoelectric
dej@iningd blydheam@@@rrar‘at@ea@@eﬁelcalapamtancetaselliuﬁi&teré in 51G.
1%he face (and at points 0.5 inches away in each of the
efore noted 10 directions). In a |like manner to the
vol tage response transfer function nentioned above in
FI G_,22, the notion/acceleration at a range_of )
| ocathetkeavencyde detesaningd by ae LG tmpeopstant The fruotefds
sf5HR i PSR Rl o e SER o b o
redute anergy Iass;leamﬂfapﬁnepmae enagnediccmng be dir mosz tn:ezreelucel c

mada R ReTaRts 1655 Sna smenate fisld Sitliasion gitsctspy Tis siyehy gan

méRERsAY bbhhﬁ)lérﬁ@ﬁté@ W‘ﬁﬁh MOSFETBShEsERs %Hﬁé@fother switches
acceleration. In a |ike manner, a ring down of the

withy @meé@qzterzahcso@‘d:rthtallm gapid tuemeon Hmgdsdp 1fm@c@&a¢@n6§ and

o S50 R L Pobelf The® ARG BinsR s Phgfagibritios o

thé bwitde witdch Wall b dizBUsSBdZRreRiditeachi eved open circuit
voltage due to center and off-center hits as well as

to maxi m ze surface acceleration during the

Fa%%téﬁ’ﬁﬂ#%%ef ot oY F esponse fromthis voltage after
t

S peen triggered. The geonetry of the
systemis selected to maxi m ze these two figures of

e 1o facerIafde 13oSauod s cdydie T Fpmmaor Sq et

deRirfTERidhasTithé fac REBIS | in ﬁbﬂ@elé@lﬁ@ voﬁ§§e§9ﬁd €RhrgeaU STH
el enents descri bed below are all configured such that

obiagdive €f the regige dulsl @ﬁxuﬁgﬁélvmup@memre@oa ertge transducer
sm‘ﬂb’l?%r{a%dé%fyes p%ﬂiééveamfooé‘f?éc‘?& $ARFALASHLPING (Sfrdsifting

voltages) to face deformations resulting from ball impact on the face.- both

~ impacts at the center of the face as well as impacts off center, and 2) maximum
~coupling to a high frequency mode of oscillation of the coupled piezo-face
-structural system. The coupling from face loading to the piezoelectric open

circuit {OC) voltage is representad in FIG. 21 which shows the transfer function
from a distributed loading representing a ball impact to the piezoelectric open

circuit voltage. The curve represents the response to-center hits and there is a
- different curve for each hit location located 0.5 in from the center location in each

of the squared directions (above = north, below = south, toe-ward = west, heesl-
ward = east). The quasi-static open circuit voltage for a 10,000 N loading
propo_rtionai to a 95 MPH head swing is represented by the lower frequency
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30 to inpacts and resulting voltages are a function of

t he housi ng, piezoelectric transducer, as well geJAN 2007
wbaow/gesgetry and material. In addition, thepk‘glrgi’szgu 26461

JAN 2007 WD 2005/ 016458 PCT/ 11S2004/ 026461 45

frequency node shapes and fﬂéquenci es are very nuch a

function of all three eI enents of the deS| gn. In the

asyeye g oo Sinstion pRISERTORE 2, T ARYEL therll (Fom

capiiiaiaveraged oveth %@hegaﬂml?mééﬁ@n@ﬁﬁy;@m d h@sugn FOM that
tga’tethoel ectric elenment is shown in exploded view of the
a

s te mexésizethe rieroeleclricliage that isaenesited bya wnge of
ly in FIG 19. The piezoelectric
Ceb?%c%ﬁf@é%?%@ﬁ enoted as elenment 21 while the

actuator 10 assenbly consisting of the stack 21 | eads
tack end caps 23 and strain relie

t og oupliRg fo Righdf; (REseHimce '.’[@Chﬁmpﬁ@sci@t'm?ﬁ is represented
byﬁhé%r%ﬂsﬁ{rtfﬁh&lcﬁ‘ﬁhﬁéogzZﬂl‘hté @&é?&ﬁfe%ehﬁé the degféfr%éiﬁ)n
er stack act uat or
fromh epplexi elhwsbldahplezmjectnb woltagml to tagbesurface laacelemlmlm at the

cellRgior 6 G E0r st Bpis BRReRes anol Infoeb it BR e noigs

direefétss)1 In YAk Aasnarab g Qol?ébe @%ﬁbﬂ@e Qﬁnéﬂeﬁﬂﬁicﬁﬂﬁ Mentioned
Note that 1-3 (transverse) coup tube or system

abgve i fHs. 22itbe anatiamyagselerationmat arange eftlgeationsman beysed as

it A A PR A0 | BB yBIOMBHS A BeBR o

fremuemoye beoéleramoncremans@ is oebdinizeelndts \labmonan@@e of the face
A centra

aﬂﬂ.%@%&l@?&%‘@%ﬁﬂ&é@g{e@ﬁ B’%é@'é?ﬁ BltiRn i 2 o ro Spreferred
enﬂfﬂanﬁeﬁfigﬂgé {?ﬁ:d@' GEchird &3‘971@9{ 'Eiﬁwri th%tfééétatifrﬁ‘é fréquency will

COUP face at care et erm ned
mamma wrhcemr@eiﬂretm shex l{kehmanaen eening daenef txspieagelectric

oi.n ntact . wth th ac

osiigkid BBl of FPhiferd dosaniied G BTG osaleratien
redpRrRecsil isadtdhagiene Burfade bb@eiérseﬁbﬂm This is _

inmportant in this highly stressed systemsince it is

desi r abl e to operate the piezoelectric 25 near its

max

w1 DEREES PHRNS ) 538 ok nfEe b AR voltage
duaddicentsn anﬂmﬁ—cmteehitseasl el asi6 raaﬁrmmsuym aaceleration

- during the subsequent ring down response from this voltage after the circuit has

been triggered. The geometry of the system is selected to maximize these two
figures of merit resulting in maximal high frequency response of the surface due

- to the system activation.

_ The piezoeleciric element, club face, and conical housing elements
described below are all configured such that the resulting coupled system

~exhibits these qualities. It is a coupled system design since the surface resporise
- to impacts and resulting voltages are a function of the housing, piezoelectric

transducer, as well as the face geometry and material. In addition, the high




10

15

20

25

30

as to distribute the stress nore uniformy though tm 2007
stack resulting in nore ideal stack operation
woheishgs$g Stress i nhonogeneity in the stack pphBooddlesst
cause fracture or induce stack failure under inpact.
The endcap thickness is 30 dd&erm ned to ensure
sufficient honogeneity. In the preferred enbodi nent,
the endcaps have a radius of curvature of 12.5 nm on
fraoiengy, ghapesrRndieaguansies Feyary pogh a fupction of all three

e@%@éﬁ@%ﬁé d@g\g UﬁaQﬁéf&l%@ﬁ? on§10 g t[Ilé I%@c};ﬁrgﬂ%@ucer will

I nterface th the prez
beodesibed ffollovesd by thmhmusna@ and Eiresinadtuesna or st eel
to nore efficiently distribute the stress to the
stack in a mniml thickness/mass part. Alternately

SteY af@Erleap PEAR§Ed of lamnations of these

materralrs ror ease of fabrication. 5 The stacks 21
consi st of co-fired nmultilayer piezoelectric elenents

W th ranefro 15t

o ahe Moyt AidRendls SRvhIR FRpbEET b Alles HHts

sbbgtwnislgmwmam endig sboRireswiti tee mdemsﬁ@msﬁrswme 19,
ndyctance for tyning to a given frequency than ¢

f@&ﬁl@%ﬁ%@@ﬂe Si%kdt@l‘f i$ dopple! aﬁcﬁimfenb%mie the @f:tuatcgrrm
agééﬁﬁ étfh#] cg 6hé btk A Je§d§§2t Fhﬁ %9@9 23 | dnd dirdiff relisf
asse d ro mcron |ay ers‘t st ac

25a@ mgetﬂaefdaken %&MESSMDWGI 5ih AIG. 1 BS Tasgweddcecific aotuator 21

t hen t t ack t = 3442 nF.
S preTarebB RO EERFd B Aoyt g Saqko Aea hipe 9t fae
aﬁé‘r@ﬁtél¥ gaey rr&‘:!dtbﬁ@fﬁ rodl ﬁJlﬁU b\‘ Rer ts'bbﬁ US4 éi@ctrﬁé]%@htgﬁﬁferates

curren can lead to excess OSS hi nner | ayer’s
ayigk gcluation (I@Otlﬁmndxﬁéiless)gyeﬁpsurmtelymmbmrwerqﬁy akinkbloads

O L ———

e d;ﬂ@stem Glshad ik effayaia usifigea Bigiaek ﬂﬁsﬁnﬁnﬁes voltages
is a "hard" conposition simlar to

t
bSaias e aye,rsmn&e sadeg Iasanddhﬁm?aﬁ ot Pl siadicutiizes

t r obgﬁtﬁ%%%licggét o er %%beéf@ oé'%tl axi {a%dw Iﬁe@sc#eg’ raode of
opengdion. Al mtrai@dmsﬁmmtmmﬂmtwsﬂack hsiplaaédi beheeen the face
ers aral | el

18, 557 RCk borminURa8 13 that b «Riiral conBled to e Tast ds.
carefully determined locations. The piezo stack has convex endcaps 23 that
provide a point contact with the face thereby minimizing bending moments |
~induced on the stack due to eccentric placement in the system. This is important
in this highly stressed system since it is desirable to operate fhe piezoelectric -
near its maximum aliowable stress to minimize system weight while maximizing
~-electromechanical coupling. In addition, the convex endcaps 26 are designed so
. as to distribute the stress more uniformly though the stack resulting in more ideal
- stack operation and minimizing stress inhomogeneity in the stack which can
cause fracture or induce stack failure under impact. The endcap thickness is
determined to ensure sufficient homogeneity. In the preferred embodiment, the
endcaps have a radius of curvature of 12.5 mm on the rounded end and measure
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The piezoelectric element is -1 cmlong and 9 mmin g JAN 2807

dianmeter. It is attached wth a strong epoxy to the
woulnsamdsssgdcaps with a very thin layer (so as gcandboos/ 026461

maxi m ze coupling) such that the overall piezo/endcap

assenbly 15 is -16 nm |long. 46 6 JAN 2007 WO

2005/ 016458 PCT/ US2004/ 026461 47 Face and Cone Desi gn

The objective,is to couple to the face deformation
i ?r&J"F ?Cﬂﬁa*ep’t? fe Indsiane, Wit hrepigreriecisicisiaek, aHupy are formed

SFRPSHem@T gué%é%iurﬁiﬂ%rb‘?r &% Flors %Fﬁéﬁ@rlltpﬁciliﬁtﬁﬁpﬁ’ the stress
and al so couple to a high frequency node 0 e race
t9yhe stackin efminimal thiskarss/inads iparhi Ajterhatehuibiegyan be composed

' jons,.of the ac tor. T system converts
Oﬁ%@é{aﬁéthﬁshﬁsﬁt%&ﬁrlaﬁﬁ @ﬂﬁf-”eﬂ&%bﬂ Q-ation of the
face. H gh frequency face oscillation can be used to
control the frictional interface between the ball and

the TscHadks 4l censisigitco-iredmadtieyopierocieatricrdlaments with
oL _ . ) 10. » " _

e RhicRorin e LR o R lohlbor Widofs, 3R sThieds Wi tyner

layerahave nuahdsghahtapatitdace ahd tidrebg hBay angwar Reedssary

fre uenc];c/) ngde asily excited by the piezoelectric

"ﬁ%ﬂ@ﬁ‘% TR He? Avepdrqupncy thamther systemiuging thicker layers.

FOESSABIANS DR RS LA SRLO (P A ahT LY

agsenbigskiram &l micreh ByetsBthendhe etadkaapacikande=B56.nF, While if it

TP oo BBl Ve thea T SERK cragatens s 1F-
| oaded against it, by a conical housing structure 12.

The piezoel ectric elenment interfaces to the face at
the dBRwEgCksovith thinnerilaysas consrselyiaise heve much higher current

AR At G e Mop STt S e e eS8 B, Pl Budper ravers
aksodead tdlbmmmvoﬁagasyﬁernsrmdﬁ?gmw?gm? I&tjngsﬁzé inzéﬂvbmatﬁ hfsimp!ify

atl lighia it PR RBicsipsi it e Fom aEelpiTe epmRacimest Uses 90-100
me&Bhitgiek fsher® TR Piddfefocttid Matdi 4 & RArd® ROnRbskdR similar to
pi ezo/ endcap act uat or
typical PZT-4. Itis selected so as to minimize piezoelectric hysteretic losses as
well as maximize stack robustness and tolerance to high axial stresses during
impact. The leads are attached such that all the piezoelectric layers act in
parallel. The leads are attached to the side of the stack as shown in FIG. 18,
The piezoelectric element is ~1 cm long and 9 mm in diameter. it is attached
with a strong epoxy to the curved endcaps with a very thin layer (soasto
maximize coupling) such that the overall piezolendcap assembly 15is ~16 mm

long.
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25 assenbly 15 (opposite the face end). It likew s
has a curved interface to provide for positive %8 JAN 2007

wooaBiess of t he piezoel ectric endcap. The comicaals2o04/026461

endcap has a threaded base 29 that screws into the
threaded ring 37 on the face4éf the club 10 (inside
surface) as shown. By threading the cone onto the

' Fface e g ezoel ectric elenment is nechanically
ce, and piezoelectric axial 30 size

changes are coupled to the face bending. The radius of
the ring 56 as well as the thickness and geonetry of
t he d&wei eRigctiveus thgouple te thafack| defaraiasioni dusithgsmplacetcs

/ / /
MR derEraer iPg8 et et (dnsigiss Saefical
ehengy) and dl&e cdu@éad: a gl frefuéhey mbaé@etr@acfabe%ygie‘hﬁrwvﬁch can

The aX|aI stiffness of the housing nust be as™ high

bs@g@i B¢ @thwmﬁﬁqu ?ﬁ(‘élﬂi@ﬂ%@f thecacteator.i hge SysteBconverts
1R S S ey Sl U 8 PReycnoy e

con |gur

. o§¢:tmtldr8c:arh bmed :&2 coﬁﬂn@iﬂe &lidtionabintfacedsatweon iting balh énd the

ress to .t ectronics Iocated el sewher e
fechaySiad CRACGRS of FRebigTon iteriace taten Ry AUTFACe Vigeston.
structural design on the face, conical housing, and
pi ezoel ectric element so as to avoid critical stress
| evellbeifaca sisseursosyitaniunsofadefully bentraliedahickinéss ko &6 to

Th d d.s . .
cigRe e, 88 Fbie e EXRUSTIR Bovis TR rSRuP bt esily excited
bp thez piglzeeletirie @ém@ht ST g@hyra@ebmgdwuéraéﬁhérfac@rmusﬂﬂg and

sufficiently |ﬁ3h conpressi ve prel oad on

P'ﬁ?@%’@éﬁ iecioqaingn Badnes a«’r?fﬁimglwaiH) isshawn ue@gse[nm@ed view in FIG.
1?%@66&‘\:;@%%‘@& J:! A BYchSH Q%QY ﬁ’f’ffl'q@dg' gpﬁé“éstﬂg%f a

. operation since plezoele enen ave

plelzgelectnmselemeat Zengthrendclps 2B dbsaribddrabuvel sttatisedtdithe face
39 .and, 2. 7 mm out S

1‘§mﬂaq?% & éé‘eiﬁt%@%d %cam@mg stesire . ﬁmpt%ogleﬂnc

elBMait W@ﬂbcéshﬂo%@%ée a%erﬂéhtéf%déﬁ%ﬁe % Patyasd Tfrfe%be is

the ring. Higher thickness outsi ng 1s due
meRefachapd aytta smedlsimplee3d withieeragius 6f atwvatoes sligifmls'lla@er

o BRSSEE 0 o 5550 38 5. b g R B iy pgeton o

the stack on the face.

A conical housing 12 with an optional threaded independent endpiece 13
is configured to interface with the distal end of the piezofendcap actuator
assembly 15 (opposite the face end). It likewise has a curved interface to
provide for positive location of the piezoelectric endcap. The conical endcap has
a threaded base 29 that screws into the threaded ring 37 on the face of the club
10 (inside surface) as shown. By threading the cone onto the face, the
piezoelectric element is mechanically coupled to the face, and piezoelectric axial
size changes are coup!ed ta the face bending. The radius of the ring 56 as well

. as the thickness and geometry of the conical housing are carefully determined so
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face. It is approximately 2 mmthick and 3.5 nm hi gh

at 38. The conical housing 12 wall thickness is 26 JAN 2007
wappsmxésntely 1 mm A critical dinension is tea/us2o04/026461

di aneter of the housing at the face attachnent 25

ring 38. This dianeter is chd8en as |large as possible

while still allowng the systemto have a cl ean

axi symmetric vibration npde at_a hi gh enough frequency
a3 1o ¢

NIz Plaglic (osses ahpdiefenmatiagrpatveen dewfacsand therdigal
_ -| . _ .
O e o, B o S eEp e ibug T P B =
highras passible 4 maxinick iéezodledtiid eotipimgrforthe f&% défsrmaation,
nm and is chosen 30 to match one of its conponent
nmodes (as if it were a circular plate vibrating
unat Thg h@ﬂicbphédbﬂwgfbﬁi Bé'c%ﬁfi%hr‘é}:l Wwith é&t%s%'ﬁofés iPiisHides as
he 2 6 JAN 2007 WO 2005/016458

ext ensi_.on node of )
sty b e 41element 38. Thiese adipwattacicpesitioning andikad egress to

HRAERTEE R B AT SEETAE BB D) Cole R men
thiel sjfuatardhtesigm bntteel éacal, cohiahl helesng mridr ng&g&tgtt: éilei'H;l@nt S0
P

coni cal, hqusin ave a threaded en .
SHET &Hﬁ?éﬁﬁgsgi%@gﬁ Rghese sampangiisiunder fie rapesigs high
" H 6 ) F T . M
. oy o 1 Beinau bt ¢ nofiig PR Sfead onto
theifaee thpressdne pieizpelestritcsipckiestuely artie thefzaceandhonosidega

[e8 o the face first. Then  the piezoelectric,.
iR RIdE tohurtaee Bifosd oh chapigoelsclidloqRit fhigdos is to
kesprthealctd4tionasiemagt Prerisrdssiontdifingiidpas! &¢d bbération since

.agai nst. the face. The endcap can have a concave
P'%%‘?‘?)@@”&ﬂ’@"&%’éfstd@ najthavgihigh tensilpisiepginect ri ¢ convex

endcap. The endcap 13 can have a threaded attachnent

27 to the conical housing 12. Electrical Crcuitry 15

The Tentacalthisksésnisi2zs4 o indide theccaneeting 38lapait2. 7 ¢ah outside

GG 3 HRCE Wi &0r i v Sl 4 M FBERLGpmess
3@?@2@9 ﬂa\ggﬁé 6i[]tgﬂla?d A B MG PRoHEFRREkneSSoltSBe the ring is due
to the increased stress due to the stiff conical housing, necessitating thicker
‘walls in these areas. The threaded ring can be welded onto or formed with the
_face. It is approximately 2 mm thick and 3.5 mm high, at 38. The conical

housing 12 wall thickness is approximately 1 mm.

A critical dimension is the diameter of the housing at the face attachment
ring 38. This diameter is chosen as large as possible while still aflowing the
-system to have a clean axisymmetric vibration mode at a high enough frequency
so as to allow excitation of high accelerations in the face structure. In the

~ preferred embodiment the ring 38 has approximately a 35 mm diameter and a

height of 4 mm. The face thickness inside the ring, 39, is 2.4 mm and is chosen

- to match one of its component modes (as if it were a circular plate vibrating

unattached to the piezoelectric) to the first axial extension mode of the
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applied to a piezoelectric elenent, the voltage an

stored el ectrical energy builds 20 up on that %6 JAN 2007
wpizesmebegtri c el enent. The el ectroni cs shown sigr/td2684/026461

10 and FIG 11 convert that stored electrical energy

on the piezoelectric element49into a high frequency

oscillatory notion of the piezoelectri c el emrent. To

acco |ISh this onverS|on there is

G gleERst: T hisHase ipE Medednelching.arrtes m pappipdssystem

(drice %Cbléﬂ&fsoéttéeﬁéd'té‘ e @ce&@hﬁ:ﬁrr%%sa BE;‘FI RO8SI ARG Gt that

the charged piezoelectric 2

dsigadrasiuenged vol tage threshol d. The voI tage | evel can

be predetermned to correspond to an inpact of a

certain magnitude or intensity and thereby only

trigghe doh&:ais M@&ﬁﬁ@; iyt gvecy Bba@éd andedg 13 iaeié Histal end, the
i nt ense I as to warrant corrective action on

hPH%‘nQ 5hrﬁa§ﬁdt5h'€aﬁﬁﬁp matirgs witintheperdasp M&ﬁl&ime 27. The
GETh A1 o8 oy SRR LD 80 38 Sy e

rérecwtble Iémdca;m ﬂésxgngtherm)rﬂcral bgesing dnatteched fatthe fecepak Then
of .the i rpact . . by using peak detection

oadi
8 PiEelPGT AT P Tearted A5 aricap s Foved priodho conical
hd@élh %?eloééhﬂbttﬁe E%zb@@cﬁﬁiaé&féﬁépﬁhé %ﬁj e OER M b% have a

det ecti on Ircult ctor 1Is
cmnﬁvetmﬁwed Rigrfaemiachater witinthe piezoeidotricaonuex ehﬂemm Ta‘ihe

ool 5 Bl FACE i ARbnmien] 225 18 G3pirdl o 12

480nF - 600 nF, for 100 micron. |ayer thickness at 9
nm di aneter and 1 cmtotal |length of the stack. In
Elesiricat {drcuitivt he optimal 10 inductor L10, L11, L1 val ue

is -1-10 mcroHenries. In summary, the circuit design,
froma high I evel functionality, is such that it wll
sensthe gehags sysiem is@metviadcip beﬁmwelectrimal Ehergy — which has

eleptrode i rcui.t

oSk FuiaBr RitiGal; SRfEred SUENG improtav s EeRsidalygoupled
;:)lé.@tﬁ’élé@ffnk:r&efﬂ@ntl\ﬁhi'cﬂci'ésJ ﬁa@lbdtd&nhg%gébtr CAY fhel Q?é%l%ad is
causi ng the piezo (which has v ge on it prior
appliegded pigroelecivis @lemante the veltage ancksfored elestriasl em*gy builds

up’ 8h 1RSI BAHISORE Yertbhi! HePiS& onics shown in FIG. 10 and FIG. 11

convert that stored electrical energy on the piezoelectric element, into a high
frequency oscillatory motion of the piezoelectric element. To accomplish this
conversion, there is a “switching-event” that switches an inductor L1 in FIG. 11
and L10 or L.11 in FIG. 10 across the electrodes of the charged piezoelectric
élement at a predetermined voltage threshold. The voltage level can be
predetermined to correspond to an impact of a certain magnitude or intensity and

~thereby only trigger the system in the event of a sufficiently intense impact so as

‘to warrant corrective action on the spin of the ball.
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as shown in FIG 12. The circuits depicted in FlIGs.
waoosansdsd 1l have this sinple functionality of paT/i38004/026461

triggered switch. As the transducer (piezoelectric) is

stressed during the inpact, 5@harge and vol tage build

up on its electrodes, essentially storing the

nmechanpi cal,, , ener f i.nmpact that has been converted
by t o SISO RIS E%ﬂgaf)ee'efirbwwentseweﬁ@mam%ntlcal voltage
t ESMA bItRY sk t :
Y. Fotinstarfebie g R deeyt et 3 Peakit thd IR 4ty impact
by sisingopeakhdeteatiert ciruiey pihichdaitiatasrwicere treninzo¢lectsic voliage

in to The inductor is sized such_.that the LC tine
stebfrub ifeay Mima it bubls Va1 B AR SPREPE GreUi he

el ectrical resonance frequency) is very near the
resonant frequency of a structural node - in this

case ThAddugterds sirecsaishithakibeaapssiy. are thejnductoogsaiipte at a
prtETHIAGS febidholst0r e GRED br 120 1R, Pikbelediii SRieny

cappaitancs igapproxamatelyy480nR -h 60pind7 torcH)Emidron. ldyet thitkeess at 9
requires a ver

ener of the oscillatign. Thi | y | ow
M Siatiter ﬁi%ﬂ?otébfenaﬁtt?ﬂth@ 4Gy -lHdls yatem &e optiyal
i ' nats @; iahl [ fiactor typically
Idla@g?r?%le% L?g%ggf\)ég{elyltsi cgﬁ]?ﬁgﬁlé"ﬁ?m%?y l ess 5 than 5%
of critical. This, in turn, requires very |ow "on"

i St i,f ches .and . I : I . el t
Sucn iR hE il iboet T SondSiRcARyYE Ston that
it Will s&vise esiERdbVEIbPRbipied #heRhd ple?dSettdties e open circuit,
aq?%St em al so |1 nplies avoi dance of any parasitic 10

then ata piadetenmipag yeltagalevekwilliclosa @ swiich penkgaiingean
rBBRE TR ool bl 4 pERB ALY o ior o
triggering) torashiliate ahkighfeyuentiesids theVoltgge ahdichtiiye o #rppiezo

Mmoul d rmal |y be neratjng at inpact. 15 Typi
d'%?@ﬁ%@k@bé%@&ﬂ‘%@é”@&é Ryses RENGING,4s Banwi In F 8. 12
triggering is on the order of 400v (system could see

100v_to 600v). A lot of these .conponents are going to
be hlfghcieitsedrpiciethio FéBs.s10, and thianwf thissimpie funplionality of a

trigﬁg%gg%@?tgﬂ %g tﬁ’eﬂr&@%ﬁ%e? k‘pﬁi?gactéelécr;}ﬁc)s% rgfretsisgg Ui rtié/ t'!#eolvr\ﬁpact,
charge and voltage build up on its electrodes, essentially storing the mechanical

- energy of impact that has been converted by the transducer into electrical |

| energy. The particular circuit operates so that when the volitage reaches a critical
threshold, a switch is closed to connect the capacitive piezoelectric element to an
inductor. The inductor is sized such that the LC time constant of the closed

electrical circuit (the electrical resonance frequency) is very near the resonant

- frequency of a structural mode — in this case the selected face flexural mode.
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| osses. 20 So in general the system consists of f Lg JAN 2007

conponents: 1) a piezoelectric transducer 21 wt
weauB/tapaci tance, 2) a switch QB in FIG 11 tpeghyshos/ozede1

controlled by 3) control circuitry, and which

connects an 3) inductor L1 i% FIG 11 across the

pi ezoel ectric electrodes. 25 It is very inportant that

this mabn switch turns on very fast when the_ voltage

on t Hee PibImauencyirngmnanus beag sificient @smassikie inconverting
(ﬂa As)-5eft ér?éfg}r it ﬁf&p@%%&ﬁ%@é@? thtb lfﬁc?éﬂé’r'{gg df?I;{@ bicillation. This

ving the s turn on
raceiras angry e lesstoscilation,ado ﬂ]ﬂDtH&Wg—ﬂown m.cmmy tow damping

| |
refif P et ety Bt hroisialy TS théa J00a 51 itkal, Pierempy tess
theRfam% of arifidal Thid, FOARN TegOESlvaG AL “6ANrRtaNd §w:tches and

substantial. |n essence the piezo charge is 2 6

vergow wWihloss elereants soch/asdewdassipduetors and npl realstﬁrs in the

nnecting the inductor. This severely
pifhaliockegtin baft

e inftral and subsequent voltages of the
oscillation. An ideal circuit connects the inductor
iezo with little or no drop in piezo

onto. the
vol ﬁﬂ@g SRENGe b} thel $ystend é‘@ﬁ’ implies W%&%‘P@ of gpy ipgrasitic
t t
05 ARBAI AL 08 & it R i HidtGe nckBs ST Whve e switon
cangpbcireuiidy theny eﬁntrml:ta? sy$tesealemehisggbuchnds egpaciters that got to

refllBe s et itk et BR RIS ROYPUBIOTEIEDS generating at

imgaber m ned by the trigger event. The block di agram of
the circuit is showmn in FIG 10 a and b show ng the
10 control circuit driving the swtch to connect the

Sl foI bkt be 8L Bh e Blodolbtore triggering s on
iheé orddriaf 40Dk ésyatetodbuld seda0de &ﬂGD(D\@ IU—\ 1234 Wtfﬁwmwﬁts
S a con |%una

ar g BiP2 Ran G EgR SaoRans. gaﬁliqfwmea&luﬁm digh ow
bréél&ﬁz)wn J&%Q&%@'d’c gk §ér"n§ Lt'i'rﬂ%\?gry W O i P RIS P v Hitle
n the foll ow ng

is showt in FIG 11
Iosses

S0 in general the system consists of four components: 1) a piezoelectric
transducer 21 with some capacitance, 2) a switch Q3 in FIG. 11 that is controlled
by 3) control circuitry, and which connects an 3) inductor L1 in FIG. 11 across the

piezoelectric electrodes.

itis very important that this main switch turns on very fast when the
voltage on the piezoelectric element electrodes reaches a critical level (pre-
determined threshold fevel). Having the switch turn on fast is important for
reducing losses because at 120 kHz if it turns on relatively slowly, if it were to
take a few micro-seconds to turn on, the loss in piezo voltage before a true
ringdown could occur can be quite substantial. In essence the piezo charge is
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15 section, its operation will be described makin
reference to the el ement nunbers found in that flg@re’AN 2007

woheosopessat i on of the principal conponents of sdrass2o04/026461
circuit is as follows: Piezo (P1): 20 The circuit is
connected to a pi ezoel ectri c®@levice P1, with the high
el ectrode of the piezoelectric device (p03|t|ve

ol e 46 8P T RaRefBr ) TSR 18 e ancl
smdsemaant voll@geb of tepbssiatiord AYidealSldurdnhebsdRelifductor onto
a representative 25 capacitance,

C In
theqien th§7 'Eﬁé@i’é"bﬁ@@éﬁt@e@ lizge fisam its erigingb open ifpwit state
t |
(P eingaGE 84 SRS SIFebky eERFIA o S
reaches arﬁrgggerdhnashemeeelt ancb&ienerap;dgwc!wem hmmcﬂwge switch so

B R VB Tth Ry Dinb gl sl the Opa Ayt voltage

le(éTRpNemiagd by thet lesaht coupl i ng) . The capacitor C
is 30 sized to reflect the piezoelectric's open

circuit capacitance; while the voltage source inputs

¢ hat bR BERRashS P Ibiscr bbb s 1 aeath Bt e
cdnrol pirastodriving theCswita & cormedntherindgsbesliearnt toi® @eminals
circuit condition (nothing attached

h
Of'r#'g? tefegegﬁpﬁtceei%&@t F§s. 1%8@@@@%@9%&0%%'0 the switch
is bBRVSEInePiSSIdIbAAL o f\B%é’%t&rgh{gﬂ%ni@ @"F@]fsa
as s 0] e

properties suc I'ffness and Fner
copfiguratite in whichdbei svétchedraine id ncarama!ly aagsindr(mw eide). The

deg%[%tcﬁgcuq ?ﬂ%eggﬁg%ﬂt%nn?nﬁ- m G and F%l C%e following
sceBom aRt Gisraford WAl B 886 R ﬁlhﬁln@r@i@?éﬁce% tgételérﬁeﬂpnumbers

initiall floating (not connectéd to ground) since
foung incthat igirei Shspeperation obtheprinsinal eampbhents aftthe girtuit is as

fll - Upon t he triggering event and the subsequent
03|ng of the main switch (@), the floating side of
L1 is connected to ground and a cl osed

Piezo (P1):

The circuit is connected to a piezoelectric device P1, with the high
electrode of the piezoelectric device (positive voltage under stack compression)
being connected to inductor L1 (FIG. 11). In FIG. 11, the piezoelectric element
can be represented by a voltage source in series with a representative
capacitance, C. In actuality these elements are not part of the circuit and only
serve o represent the piezoelectric element for tuning purpcses. This
representation neglects the coupling from the electrical energy to mechanical

‘energy and really only reflects the effects of mechanical forcing on the

piezoeleciric element (mechanical to electrical coupling). The capacitor C is
sized to reflect the piezoelectric's open circuit capacitance; while the voltage

| ‘source inputs sized to represent the open circuit valtage excursion that the
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circuit is created between the piezoelectric el
and the inductor - now connect gd in parallel %nﬁ Q’H‘é 2007
woOieBoeddsst ri ¢ capacitance. This creates a cl oggaisidnigoz6461
LRC circuit, with the piezo 5:;)Agti ng as the capacitance,
L1 acting as an inductance, nd the series resistance
of L1 as well as any on resistance of the main swtch

RSB RR 580 9l HEERGBRe A P B el Sgpton

(mng atthcledd)c tA mopé complate imdded Vorfithe pibZoelectiiawonig) intiade

pling fromthe electrical oscillations into

||
elg OMW% togdheimechaniia pEpssliies %"’pﬁ%ﬁ NE%§ %‘Bema of
thsggflei&étéctﬁ@ Aafbe, éé‘%eh{&%%l{[&‘isfmﬁ?ér g#ﬁ)?at\ﬁ? E:?Sl[l I the

ries resistance requenc osci [Tt I"on of

meblanied arnd eecfricalidomeains. t ypi caI ly in the range from

50 - 200kHz. It is essential to use high quality, |ow
|l oss inductors rated for high frequency operation

Ingluetorad 1) swit ching power supplies. For our systems,
the piezoel ectric capacitance is on the order from

200-600 nF (with 25 -400nF nost typical) and

i nduct ance values in the ran%ie from1-12 pH ar

t ypi g ngugieosd-t, ¢S§@mnqq%%d& amamai@ptﬂﬁ@%m;m wittih
mn}@%’fﬂg% (,n% Wﬁtgrb%e QZsS*.Lntrcggw% ? ﬂ’{;‘l]# | c?é i open and so no
CUress ﬂawséhrtmghw@rtd@on (Heohnggémgvevm draf thei syibseguetstrghesing of

g KEAE Solien Sp e WESHES S BT FRRoSaRi grbind 874 & dosed

cu@ﬂutt% an%fa%d'bétwée?a tﬁ@ ﬁéﬁi@l&%"@é@ﬁi@t BREtRd #Riuctdinow

val ue has a resi stance of -11

whi ¢ or a
Cqmeeﬁdd”@%@wdgﬁba@wmgeqapam@nw adlBisfareaigsieclosed

LHCHREEE0Rh 3R Sethy SRk ehesinte L BEE gninductance,

arﬁbthb danies eeyieiiagbe@bﬂdltasamglt 'agan??nhesﬁamafdf::ﬂl@e main switch
tance value is.t ca CthﬂO r ency,
# (i repistanse) a%@ra,q ag e Rnaﬂ'@ fgpdamental wgf’?fh@y
{
deési s 1 2tdifte & hr{gmg ré%c?r‘?é%ﬁec i Cat@éabtcl?éutf é@ﬁ@ﬁhd%\b%‘émpmg) to

I nce saturat e |np rtant up
allowi catipiing frosi theeslettcicaloasailktibas ada the mmhga)oabasmlla’tmxls of

th@HidBSTHl Re° BOP s Haddiifi Riantilr frhishbiake DRl tow series

re@i&famblat thd fBGIBhGY B dsellaEbRBE the md:uﬁcamdmrﬁatt pically in
licates the tuning process. At high current levels
th@ r@ﬁge from 50 - 200kHz. 1t is essential fo use high quality, low loss inductors
rated for high frequency operation such as in switching power supplies. For our
systems, the piezoelectric capacitance is on the order from 200-600 nF (with
~400nF most typical) and inductance values in the range from 1-12 uH are
.typically used to set the oscillation frequency (with ~6 uH most usual) as given by
the formula = 1/sgrt(LC), where f is the desired electrical rescnance frequency
{formula works for lightly damped systems). In our system we have chosen 3.3
HH power choke coils from Vishay IHLP5050FDRZ3R3M1 or alternately coils
from Panasonic PCC-F126F (N6), which for a 8.2 yH value has a DC resistance

of ~11 mQ (and a very compact package). The tradeoff to be considered is low
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magnetic fields in the coil saturate, effective?WSJAN 2007
| owering the coil inductance. This 10 can | ead
wdizbdsioeadsg i es i n tuning the resonance, whi ch iPETNES2004/026461
anpl i tude dependent, and lead to excess | osses on
switching since the |ower imfuctance of the saturated
i nductor does not act as an effective choke to limt

i gh h L1t is,.d b
rebaberiels, riBOE b=t v HlobabolEAioraRa 2Ref sl the
ingaoehie ahtw:sttymcag( a flilon f ﬁé@q@ér@d(y Rs reart e seldce an

| osses In core Main Swi ): The main

ingyptoE which Bﬁ%thﬁ rigtHoralussat the frenpancie pkineresorant oiruit.
circuit. Wien a 20 predeterm ned threshold voltage is
reached, control circuitry turns on the nosfet, @,
by rBinse rsg\turhhozg affects gbhdgamplortaht apdh eWwitdining (smsé e

RIS £ e 8798 rar b ik aaRas ABAgYSrEIch il no
sAIDGhE the Bare eﬁhé 50N APRRGSS {r%ﬁceétﬁe%uhsﬁyand inductance

‘on-resi stance connection to ground he™i nduct or.
vakée Bed @reativicomplicstesihesioningairocess. gtwmgh surrent leselsythe

Bl B B, SREFAY ol T tance. Tri
capoiebd @b diffic@tiéd irf fJuhip®) thé Resdiinee Ovhidh is ﬁoWhﬁllthe
char ged up to the threshold volt age and t

depegd ﬂbrwé! lged B eusassdossas @ switehing ﬁncaﬂh@ lcawefgn%ctance of
thé E%turﬁf@cf lﬁgucta‘ Bg% bgﬁ'ﬁzc?t%reﬂ?e%%scﬂ }(?%’ {%utr ﬁ}et
prezo I'tse I r

cuctesttgyen issvitching. dt sl Qespablastotchooe@ andhdudtor whichi mnnnmzesl
To th

ta 30 maxim ze initi i ezo vol tage | evel
o SReLS o igatastiu Figmarie 85 SBHatorgud bYStBeeti bgaps in
th&abge drive charge and | ow total gate capacitance. The
nosfet 2 6 JAN 2007 WO 2005/ 016458 PCT/ US2004/ 026461
55 also needs to operate at high source-to-drain

ﬂﬂ%ﬁ%ﬁﬂ@@&éngie" support the piezo voltage w thout

or to reaching the trigger condition and
firing. H gh breakdown voltage is therefore
i mportant. Low on resistance, typically less than 0.1

chnd hesmainswitarpisranenf tee mast cilical etements of e tiscuit. When a
cil
pré@eByfielitnt ol Fikheif ot Bh bra BuRV ik T I Bsret
Q3, by raising the gate voltage of this N-channel mosfet. Above a critical gate
voltage, (~5-10 volts) the “on” resistance of the mosfet drops dramatically. The
mosfet changes from an open circuit to a low on-resistance connection to ground

- for the inductor. Resistor, R4, is sized so that the gate is nominally at ground

even in the presence of a leakage charging current from the mosfet, Q2 . When
the control circuit fires, the gate of Q3 is rapidly charged up to the threshold
voltage and the “on” resistance of Q3 drops rapidly, essentially closing the

“switch. Since the charge necessary to fire the switch is derived from the piezo

itself, this firing charge is completely parasitic and should be minimized to
maximize initial piezo voltage levels. To this effect, a primary requirement of this

__ mosfet is a low gate drive charge and low total gate capacitance. The mosfet
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system It is also inportant to note that nosfe h o
an intrinsic diode from source to drain. This 558 ﬁ\\f\me

wonrasfoeiss a reverse current path during upsw rngsyisaedsfasdet
electrical oscillations after swtching. In the
present circuit, the switch5XB, is held on during
the electrical oscillations by the diode D3 which

| 10 the gate when it fires.
aiB rU3 55 Bdatp At hiod Yeke ey oRieS e suRRorLE Piezo
vcﬂmensntm btﬂeuikdwwppmﬁ tb 36h&Hing H@tntggaiec&r%ﬁé@ahd ﬁﬁng High

g/ ﬂ%’% sta on after firing s determ ned

bf@ﬁ dREHYPRage & ef@feeirrgzsmnéabgw.qra@@@tm tymcauy Yess than
o)

0.1 ks s ¥ imdbrid shicel i c

Ohﬂqu?eﬁa k?galyglqugzﬁé gletcﬂ’lcai

Osdﬂaélshcﬂmﬂ is pephameitie pﬂm@muq;ssainlemamgmeras eR@tridabetiérglyin the
gﬁrc%re Ianr'eﬁ %pS ag,t in effect opening the
AU §2§Pe‘m° g P petertagbmppistehaveandntpasin digds Fam

B BT B0 SRR e

eleptrggosailations §ﬁa§/8\$t¢hm@nbb(t!’le'mesentcmmﬂ,rmmsmtch Q3, is held

OFP&%M&e%egt?‘iS@PQSﬁV@H s %ﬁ gioB%dQ;f w&;qﬂb@l%awg,&aqrgﬁéo flow

NEPTFRO BV it i
TS i 13l ST o

-~ Chm,0. 75 .
e"%"ﬁ‘%‘@z@dmgﬁmhﬂ% Theniige capsignt of bewdeng QSsiaymon after

% ol By SRR REHoh Yo B3 o Bt

R4 oftteryfirirg sﬂne chargehwill begef rsieglydeak off of thédgarvatt] tHee

TY6 fromST roeletronlcs rated for . 500
VO& gﬂfsﬁ’goléds Qﬁﬁ%e 3'&61*@@?5@9.th?;ﬁramr@uecmas@tance

an@lnﬁ@ﬂ’ebfdpérﬁn@%g‘n%_to rai se the voltage on the gate
of B

Several high voltage mosfets have been sourced and evaluated there are
currently two baselines, the APT30M75 from Advanced Power Technologies, and
the §14490 from Vishay Siliconex. Their comparative properties are shown

below:
Device Vds Max Gate source | Ron atVg Diode
Charge =10V Forward
voltage
APT30M75 300v 57nC 0.075 1.3
| S14490 200V 34nC 0.070 Ohm 0.75
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rapidly when a critical threshold voltage |evel is
reached on the piezoelectric. 10 Rapid turn on (a8 JAN 2007

wOi2gis/096d58 i n the control circuit) is needed t@@TAIRYRMRG461 .
hi gh energy loss during the transition to the on state
- too slow a transition |inm% the peak negative
vol tage excursion of the circuit and the subsequent

ThedeWTs selediid fhses! S el Ry defla Fraime oS o resistdgge
while istill aang H? Sﬁé’géj iIiey. FBPV@?%V&HQ@%S&G[BS the

excur si ons. st ays n for eterm

Prafiered swigh ‘@ho‘\’ﬁ’ée'@e W@W%froha%'éﬂmmal emgmtm rated for
560 ybi 5%8'6%@%53 megaChns. The control circuit

operalonls follows: B is initially open so the
20 voltage at the source termnal (top) of B is

essentjial|ly the open circuit voltage of the piezo. At
QQﬂa'Q'_QIIEHEMoI tage, determined by the Zener diodes, D4
D5 and D6, which will collectively start to conduct
at the sumof the rated voltages (plus the diode drop

assotm@tcedtrw ¢|fcuiw is@iasIgRBl thrdibe e Ubltdde 69 HEIgate of Q3
throu D4- i ng up capacitor and turning

ragiflly @%WC%ihreﬁhgd yOItasﬁ)bwah@ repehedrn e w@zgeleptsw
RaRiaAFof (AP niuffcin s 5] GRAH ihdodol RHS B i

enargp iuets duiring the tparmﬂﬁmuoehq onBfates tos lskﬁda@itangltml |}2mts the
1Q0 t imt t erls associ ated wt
P?ﬁ%ﬂ?@ipgg@?faa%@mswo the %@w&ﬁg the Seesequst ANYIBGE a
di scharge path for capacitor C3 (betvveen hits). The

transi stor QL, need only be rated for |ow voltage
si nodnether Eaturs efdbe cenfc@imsremt mthaebltnm @tcd'nng rmeamngﬁhgt

I at _no r.th
oS P o 5ty 3 oleliBiss 0 pisge 1 xtRbns” 1
sté’ﬁl' bhlﬁﬁoé)ééﬂa@ telermiried B'Wthquaikégé oSR3I geipasvd eiarge

char duri n the initial high voltage
th@%{ﬂﬁ‘réﬂ ég H‘@RM?«&‘SQ Phméharges with a rate
determined by resistor R3 (typically 5 kGs). In the

present system this is set at about 5k(s allowing a 5
charlge conteol gircuip pperation ieay falods2 QB ipdritialhoopen €4 the

volg¥ & be bl 3BERnBl G Qe Bringl 8 crfietqifyotiege of
thé sl tAa critical voltage, determined by the Zener diodes, D4 D5 and D6,
which will collectively start to conduct at the sum of the rated voltages {(plus the
diode drop associated with D1) current will start to conduct through D4-D6,
charging up capacitor C3 and turning on transistor Q1. It is important that D4-
D6 be low leakage since small I'eakage prematurely through D4-D6 can cause
the capacitor C3, to charge up and turn Q1 on partially or prematurely. R2 is

- sized (typicaily 100 kOhm) to limit the voltage rise associated with the leakage

current of the Zeners, D4-D6, and allow a discharge path for capacitor C3
(between hits). The transistor Q1, need only be rated for low voltage since its
source is connected to the control supply capacitor C4 which is maintained at no
higher than 28 volts by Zener D2. . ' '
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C4 is sized. The capacitor C4 is sized such that AN 2007

it is connected to the main switch B gate (when
woewridsohess on) it dunps its charge into the as Peatrs2004/026461

uncharged (B gate, |owering ghe vol tage on C4 and

rai sing the gate voltage on¥/10 B3 to the full on

condition. Therefore C4 is sized to be |large enough to

supply the gate charge of B up to the needed ON

| evel. Since the charge on C4 is parasitic to the

pl eZfhestaritgst sapplyaiapeckorved Vs lchagyedl dhduimdcie ivitial ﬁtgﬁ
is desirable to have C4 as snmall as possible

chc!fﬁgmexéﬁ%wwh@@mzcg 2t eherges i a fatgéie&wn@ed = IrE?elﬁf@r R3

(t)ﬁ)(?;éra?l%? % lglfﬂ’l% %?éﬁe‘g? Egﬁefﬁa :H”HQE;SD ea{t %‘Uoggag(ﬁ allbwind 4
chmw tnhe dfrapproxitriately ﬂBG~MnmEctfor a CH vadaakn thal MQe of about

lfl ac?‘? I %ﬂlgg nﬂnﬁl rpgss?ﬁgiﬁ i%@!zﬁﬁ gorg@pﬁ%]arg‘% y?)&f@r g;ﬁjcapacﬁor

04 isaéi.@é&t ThE chPUtit T4 %@zéd)éndrpmt whBn U5 cbhh&eteH to e main
chose 28 volts for the sup E y capacitor C4. Testing

switeh QB gate (whan Q2 swilshes oppitslimas its,charge intolae esiyet ol

urehbfddd Qe iave g e bl ir el 4R 6B Vol on
Q3 kether full iopadonditlona Jkhdrefor @adtie dizzdcto 4 larde édough to supply
o 1l i) 05 e s
SBINEE YRS ot ARBM bR 11
dasﬁiablﬁdothavasC@s smallasi phssiblé\yebstillcdridble BSSded gateawltage

risfe Ra! S i sOREE T Phiaile Rakdgs BRAA T o Br
sohfe 6ftBe @rgefhfain Mtsfets e@ﬂ@@a@%@ﬁéd\/\‘l\?ﬁré&rcé $he capacitor C4

charﬂed but switches Q2 and O3, are nom nal |y open.

peskivelipge Nineh @fllmjml@etheozﬁr@rt Bg, igaet ashigipag QMQable while
<eBBEB3DY R Bt 40 ERR N o aropgh i crui

wecthemse 28wolthfonthe Sxssly chpagir €L 'ﬁeslﬁy HAX0shoWd that at these
2005/ Oél 4558 PCT/ US2004/ 026461 58 of i s C%M%ﬁ
cofponent qluos, thrcoglial ergyite r?‘i'““cﬁ‘i’éh@&%%‘@ % acggnall

frafich 8PING to ro%%ﬁ%cggﬁgz(&%}a?gter the gate charge has

dr ai ned t R4 ectrical Concl udi ng Overvi ew.
The piezoelectric elenment, essentially

When the critical voltage is reached and switch Q1 is turned on, this in
turn pulls down the gate of the P channel mosfet Q2 , rapidly turning it on and
connecting the charged capacitor C4, to the main mosfet Q3 gate. This, in turn,
charges the Q3 gate up and turns Q3 on rapidly. A Fairchild BSS110 was used
for the p-channel mosfet Q2. The mosfet version of the circuit has much lower

| leakage through from C4 to the Q3 gate. This leakage occurs when C4 is

charged but swifches Q2 and Q3, are nominally open. This leakage of charge
onto the gate of Q3 caused premature partial switching ON of Q3. Using the
mosfet in Q2 eliminates this leakage and leads to clean switching. Once the gate
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5 and initially an open circuit, charges up. As |
parasitic | ossgs draggi ng the piezo 8ol tage dovvn?\% JAN 2007
woessliesssgsonme t hreshold | evel that is user PCT/UGS2004/026461
controllable, an electrical switch connects an
i nductor across the piezo an@starts it oscillating at
very hi gh frequenci es. That switch has to swtch very
uring the transitjon from

v0|d | osses
of {18 et o R Somp Sinde t pheress T Buah oSy and only
m@h@mbé&é Shahe r t hat
Sfl res that ﬁ‘d pﬁr?ﬁgﬁa@ﬁﬁh&gﬁdtgwgh?4have a
| ot of capacitive drain because that woul d | ower the

Z?ﬂ By i @p@;@m&eﬁwi?ﬁsﬁ il aeaht dsentially

anﬁ@nltlélmamﬁpeﬂ&rﬂu}!t chafiRsi ypbAe Idv@pé@éﬂlctm@se%bdﬂagbh‘xgttﬁe
be able to tune, switch out or under electrical

PEsRMORge SaMPIRachessrNe Nyﬁgaow@vel Werlds oper eailiablel @n
ofeRr|cBpSjtcr Bbifbats bt HAERT crOSTEl HIEM bt RS Poscillating at

vay high &equemcaesi o'ﬁhatrsmwkﬁms tdﬁtvatcm mpl rmdly&e(ﬁwalddosses
o AR e S s obl, RS B0y Tower
re@@mé@a'ﬁ@ afeliyls rfe@][uréa ?r\ﬁyfﬁé@ fﬁét %RB X 8 %t%;%h%d

interfaces that allow probing t ages an

deggirdiave alat kb capanitive cdr@m hgcm;sertaat wauld IQWek/the wolage on the
d | f f
o3 THRSARRGT DS BruPEISM Spbbs et 030 B e

osdilidties. and condi tions throughout testing and
operations. The signals can be carried out by external
wires, etc. without disturbing the system or can be

br 0“!9?!5‘ dé’éi'l‘ab}'é foqjla:}%st% abﬂ?f td BE &bl eafbgt né wnﬁ?ﬂ &étrlt?'l under

el ectronics (wWre ess) can LS8
eleoicalocaningl, taitehdn enditaagd thad sriuttors te prmgﬂ@mmtge thining

he system performance or diagnostics and data
fréﬂ)‘%ﬂ%adi ng. 2 6 JAN 2007 WO 2005/ 016458

PCT/ US2004/ 026461 .' 59 These electrical circuit
el ements (external to the piezoelectric el enent
coupbpecycifehfa sekideckinmosglation. i They alitagiatically fall into

arlHhdifidtloh MRy A8t dPby ridback gain or delay gain in the circuit,

~It's possible this would allow locking to the piezo vibration.

It has been found useful for the system to have some external interfaces
that allow probing of the voltages and signals in the system during operation.

- Various leads/sensors/probe points (external interfaces from the board ) allow

one {o tune and examine the system states and conditions throughout testing
and operations. The signals can be carried out by external wires, etc. without
disturbing the system, or can be brought out wirelessly. The interfaces to
external electronics (wired or wireless) can also be used for monitoring/telemetry
and also for reprogramming of the system performance or diagnostics and data

- downloading.
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mul tiple sides. The board is preferentially con u
i nside the head of the golf 5 club or external2 @“{ﬁﬁpzm}?
wobelsjoiesinect ed by transducer | eads running egtr/uskodsoesiet
head to the board as shown in figures 13 and 14. Sone
or all of the conponents c&® be |located on the
external board to allow for easy access to the
circuitry for changing trigger |levels or other tuning
of the circuitry. Alternately, the board 18 can be
confTissRleSfical R e‘Pélﬁéﬁts5fe)&élﬁa%rtﬁé M@é@é\’&@r‘n@element

part) as part of a sole ate assenbly 16 shown in

cwn}z& xthefacgicare sonfiguisidn & @ngla@rmahplamamis oRfiagiingle or

mafBi S o o Hol RhrkFaEhialfoytiBuslfvind s f8ad o the vor
cmb og extenms do tﬁ@claﬁ senriduiéd BY eehsdeedr lea:i@nmnhgomutlcﬁ the

rrade n_ass of .the renpvabl e piece to the
ekt B BORET Ag SHiewN 0 Adures T At fnSema & lhot e Gemponents

ca'ﬁ' €3 Iocéfeo?&? tkﬂe5<|=,>tt8rn%? Bbbﬁﬁo"éifg)w R %a%)'ﬂ aé'lgﬁe t@ihé CRcails for

6b with sole at e asse gur es
chalngm rigger lame!sedrexthaen tuaingomfrtbel circuitogr A!t&matﬁynﬂ'ecbcmd 18

eyl s 85 v ade Pl BA.GY ot Beitovahin ber 45t e sole
pigtessbathy 14 sthnﬁﬁfﬁbﬁﬂﬁ ™ 4rid 18mtakesd fd fh@' head and in

connection i s nmade tween a connector on the primar

FiggaRd ascrah i agemhed form de G aestsdneanis petnaesapbly 16

el Sorbnfet Wit o S B PRETR ke R 2058 shih <855

cohneowcdusenad’doﬁr&ﬁsémw aﬁtﬁ@fréhMVéHle plédestodtheangiarzrly of the
%a gws for the sinple renoval and t uni ng, / mai_nt enance/ -
clyls patieh gh aaegemest is shawe in ElGs: 14mndsbaingeciine view and in

FICSRRRGEMR 144 tth@é%ﬁl%ﬁe%%rﬂgﬁg e, Wﬁéé@f]&uﬁ%’sﬁhustrate an

mounted 1 n t ow t et enova
elegtiical ojrcbib hodrd 13\ duiuntechah ammwabmrsnie: ptate &4 by standoffs 45

fi,oured, o erar board to al.l exter
suf It G Sl Bih® iaeted Bl cniipd i b g Rt 1 by
fadbhers i, elnleleStHed corfiefitiid MBdE BRIV b@hﬁé@tbv on the
transmtted to a receiver and stored for |ater

prigiaiyrbratd 4% andia eanngcken2Q e aiaecondareivonnesteq’ borrd 19

M R T TR L

-copnactpt] fo Teetramsdumet 2y drdhfaseiassarablycian occur over

wireless or wired channels. 2 6 JAN 2007 '.|I

This arrangement allows for the simple removal and tuning /maintenance/
repair of the electrical circuit and board. The connector and the connector board
permanently mounted in the head allow the simple removal of the primary board.
Additional connectors can be configured on the primary board to allow for

~ external monitoring/diagnostics during club swings and impact. Alternately, such

information can be wirelessly transmitted to a receiver and stored for later
examination. Alternately the data taken during the impact event can be stored on
the board in on-board memory for later dumping/downioading upon a command
prompt. The telemetry transmission can occur over wireless or wired channels.
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WO 2005/ 016458 PCT/ 11S2004/ 026461 60 Such zds JAN 2007
informati on that can be stored and nonitored incl udées
wownisgisiseed, inpact force, ball face inpact Hoamazimmesst
and intensity, club head decgleration and resultant
bal | accel eration or any of 89 nunber of system st ates
that are associated with the dynam cs and conditions

S piSHHSD Ght B BB i PRy FRbhhpscr
foRten Gedl faice impars feidtbl dnidenBREHE t Réadvessleratih and
oceed in many orders of which 10 one is presented

Fegélt@w. bajlacelenatianor ameofi@nuinbar absirsipmi deles that are
SRR 1 B R 188l A A OB ot o

resualtiag vibratien ef rasbohbe of thechallAhsad §ytemand pol i sh the

dinple 33 at the 15 location that the stack w |
interface when in contact with the face 2) Put a dunmy

Aéggmg%é&(ﬁﬁg into face ring thread to hold its shape
and Then we the face onto the body 11. Then renove
the supporting dumy threaded piece. 20 3) Screw on
cong,_1 ntil.tight 4) lpsert piezo stack/piezo endc .
s dres bl inplsebrite o Aiks Bel Fradeti ey, Brded of bhich
onEngpesaitedBeweUpporti ng el ement nade of plastic 25
or other flexible material , designed to hold the

pi ezo in placeiposition until the endcap of the cone

ot ol daded e daod ofd W PLRERaRA phIEER G Porfom post
PouLeg b otah he hel ea i me ke houe, e el e 5 o (e
Thedtenciamata b S AR AssHiem B pishdnS imble: £ ot the

o 1858 B ST aT SO SRR ATt

not i on. 6 JAN 2007 WD 2005/

2) Put a dummy threaded piece into face ring thread to hold its shape
and then weld the face onto the body 11. Then remove the supporting
dummy threaded piece.

3) Screw on cone 12 until tight

4) Insert piezo stack/piezo endcap assembly 15 into cone to make

- contact with the face. There may be a supporting element made of plastic
or other flexible material , designed to hold the piezo in placefposition until
the endcap of the cone can be screwed on and the piezo can thereby be
preloaded and against the face and locked into position. The leads of the
piezoelectric 22 must be routed through the holes in the housing walls 32.
‘These should have an appropriate grommet or strain relief to avoid

. abrasion during impact induced motion. |




10

20

25

61 5) The endcap 13 is then screwed onto the cone
(curved side interfacing with the piezoelectric stadkJAN 2007

wosehéssy until the piezo is securely seat edpcamek2004/026461

prel oaded agai nst the face sufficiently to avail 5
breaki ng of contact between €he face and the piezo
endcaps during inpact (around 1000N conpressive
preload). A thin layer of machine oil can be used

bet ween the endcaps of the piezo assenbly and the face

and she crﬁ@%rﬂeasa@ .g %héH chﬁ\ﬂ/ea%?‘ﬁ @h
screw on cone end cap Is t e I n pla WI t a
set irderfaging @Qﬂi\ﬂ?ewezaelmtrmﬁabb dssémbly} antikthe p?e)onﬂse

connaeiirel Sedted 8y B eipded pane R et stBiendy to gail
i nt ebf@ﬂ:@oﬂtdmaétft%méémé/faké a(:ﬁetﬁ@\p?@icﬁénd&ﬁfscﬂ&ﬁg impact

The onnect r board is permanently attached into
head(@PHRT d BN campressive pesload)s tAHioiayer »f machine oil Gan b

{ ﬁQ”ﬁ?‘?ﬁ%ﬁ@ﬁﬁaPﬁs‘en@ﬁéﬁ* o7 ediatBy fiheTabe b e

of t benekendcapetdaidin seatiigen bonded to the head body 11
20 in a 160 degree C epoxy bondi ng operation. 9) The

~primary board 18 and connector '49 are attached to the

remogpbl eTRe lserd’w 8h oré enbbsh 48% gﬁ“b&m{&@qﬁa@é Fith 7 set

assenmbly 17 is then 1nserted Int ead an
scr eSRIew; apoxiher eier emathed nbfixati®noper ational . 2 6 JAN
2007 WD 2005/ 016458 PCT/ US2004/ 026461 62 Alternate
Enbodi nent: Face Stiffness Control in the forgoing

sectTpns, The feidsast the Piexvdre hdrPsoldeRiceonito® $MER cbahéctor
friction control using ultrasonic vibrations was

pr esROATEd at halds ta% Bonectar 2 fox|interiaaing ik e prmery
us| ”@eﬁgp?agmgg@p@ t $hé ¢ gﬁﬁ@aewséérdqgﬁggﬁg?@@ éf‘atftQ&Fed into

of a er, driver, iron
st i fthadssmadowith epbxynot $crbwspurmeﬁaheldﬁ 48y The connector board is

positioned so as to interface to the primary board without interference.

8) The crown of the club head 43 is then bonded to the head body 11
in 2 160 degree C epoxy bonding operation.

9) The primary board 18 and connector 49 are attached to the
removable sole plate 54. And the entire removable assembly 17 is then

~ inserted into the club head and screwed in. The system is now
operationali.
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varying the effective face stiffness, the course and
result of the ball-face inpact is effected/ control 8dJAN 2007
weanwsanedski S is generally one exanpl e of an i rRaAES2004/026461
control systemusing solid-state transducer
materi als. The concepts pres@%t ed in this 10 section
are described in terns of a piezoelectric transducer
nore _generally to a

LA +

Iong as the transducer i s capabl e of converting
mechani cal energy to electrical energ? and vi ce versa
' Oh

e. Indfgiferaoingsections. asathed sad sysien fongehipyingdhee-Hall
T -
alternatecembbdichdnt aside piezb octtaegardrseiuetf esupleto a face of a

i f f. the f bed d
o0t St BOleh SrumirP! © SRS STTAISRARISH Wilieh PERSEM{eS. 28
é??f?@ucﬁé cHiclifive fa?:B's@i{fﬁé§§ Ghe EB £ cé}ﬁst i lok H’lé%é!ﬁfabe impact is

ace | act wth e contro ness
ef&qtedlﬁestmimﬁmxéseﬂm Fogenetalens emaﬂnpleaofsmslnmﬂc&!\mntroi

oG, G PG g A 5 B i i

setyishelre desndissd infterres bﬁatple@efédnﬁé fraasdWer bbapled to a face but
nechani cal side of the stem For exanpl e,
apRly mara grrerallyitaa system I’M ametransducse saupled ép E?@rm@tion -

[

=R S8BT HHLGeb SBEbIS S RS Ab sl eneray o

elpctezaldrergy isadefcemersa Wel dxtibits eleetrbmstimniqat souglinias
effect can be used to change the effective stiffness
(longitudinal i.e., in the poling direction or shear

GEREIR! PlinBiple transverse to the poling direction) of the
prezoelrectric material and piezoelectric el enment.
Since the piezoelectric elenent is nmechanically

éﬁzﬁbﬁﬁdgéﬁﬁr@?ﬁé@c&pﬁgﬁl % inSSRRdRgulo RS ERErShethnica
lihf) Rf 95a6d-cbligictl aemsddedr 14 ANanrge ﬁ}éﬁ&fé’&%/éhﬂﬁé% of the face
/ US2004/ 026461 63 In any of "the transducer-

mm%&ed@@@@mﬁg dhBsRaNFenP8e @p@tf@ist@a sHfforas Of Tthe face to
prégﬁﬁgﬁ?:fe}wéb@eﬁetcpﬁﬁﬁg tﬂ\%;rgg@ﬁég bal "Eégr?]a Hipes {v%lterFﬂéDécﬁQrolled

ace I n sucC
stiffneés$)nclwe siffridse candreschtmlied Ihaenga& msystem with electro-

mechanical coupling, changing the boundary conditions on the electrical side
(ports) of the system changes the effective stiffness of the mechanical side of the
system. For example, it is well known in the art that the stiffness of a shorted
piezoelectric element is lower than the corresponding stiffness of an equivalent
piezoelectric element with the electrodes open. This sffect can be used to
change the effective stiffness (longitudinal i.e., in the poling direction or shear
mode, i.e., transverse to the poling direction) of the piezoelectric material and
piezoelectric element. Since the piezoelectric element is mechanically coupled
to the face, this change in piezoelectric element stiffness resuits in a change in

- the stiffness of the face.
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5 behavior of the face. In the case of the elastical lé(
coupl ed enbodi nents (Concepts 1-4), it can be said 2 6 JAN 2007
wohets/oacsshange in stiffness of the transducer pditriesebd4y26461
changes the stiffness of the face to ball inpact. This
equi val ently changes the defBection of the face under
inpact. |I.n the inertial coupled cases (Concepts 5-8)
changes in the transducer stiffness result in changes
to a coupling between the 10 face notion and an
I ner ih ahy DR g% t {i 8ol HipsisHts Of
t he cl uby head)él?gdctﬁgﬁ%ﬁ%gmtéﬂigﬂ&?ﬂgﬁugh@q ié?’?ﬁgss (;E?
Prerented abpye feeneapts ddiisthedransducer isferhanicallpCpupiedite the

ik RO B8 A SRkt SR LB R Bl s o
behavibr efithenfaces Iistheceasthe tige eRastitally colpied eindbdinientse
r gof SS | ow frequencies. Th

romth .at . ey are )
(RARRE-Bo Trardetaid that Sxthangainaigatent e temeducer directly
c?% tHe é’fﬁﬁﬁ%@%?ﬁthé‘f‘é&@‘@ﬁau AGh&O T@sﬁ@@@gﬁpb@r {:ﬁ%ages the

ucer sti ess I n ese conce

defleatipn ofithe iaces unddrmimpaciofintthe inestistcoupied d¢dves (Concepts 5-8)
i mpact (.around '

A e SRS RES nesRias it changes (A CowainehRhupe the
fakbefmeion BAJFERefial #R3998r Cohges! & B4t ié’ﬁfe%bh{afﬁbfoé?%tf Eﬁee club

the face under inpact by varying the stiffness
head) r shaawiog the dymamicdlifersohithedaca ifinot therquasistatimstifiness

t ' ly d i bed, t 25
(0 TN B R P PR R SRR Lolloc hey
havepaotefieshitn the sgsismir vefolow RéquENes Since fErOH MEBinertial
use i ezoel ectric stack coupled to the face as in

f%ﬁ’@ﬁl  PIeRT Maes mblomalieausncirs i hheypesdegignged to have effect
. for - q ; , .
ORIyt (R FRREK hestafit noBe O T EIE bhaRc 8.
traxsduser stifilesss inttbeseatmcaiptdomsults av ae:h]?nge iralI?etslimbes of the
LN r oxi nmat, 25% 30 . fr t t
sysleifin A8 SERTE Ao RRO8 eSarateturita hAll ruerypred
miligetiona @ndCPRHED UTIRIS 4HY fhE BdHEaptss | A-darf pRNSEY fEEhange
is to use a planar (potentially packaged) 2 6 JAN 2007

thosfiagtve stitasss ¢idhe ey ipact Byvayingtbelséffoess of the
tr%r{sqjgﬁgpcer (or other solid state transducer nmaterial)
onded to the

Transducer Configurations

As mentioned above any of the previously described transducer
‘configurations can be used as the basis for this impact control concept. For
example, one embodiment uses a piezoelectric stack coupled to the face as in
Concept 2. In the mechanical design presented previously for Concept 2 and
shown schematically in FIGs. 2a and 2b and in detail in FIGs. 13-19, the face DC
stifiness (to central ball forces normal to the face) increases approximately 25%
from the short circuit case to the and open circuit scenarios. An alternate

- configuration to usin_g a stack transducer is to use a planar (potentially packaged)
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face and thereby coupled to face notion through
coupling to face extension and bending. The face 2 6 JAN 2007

woeodineisst i f f ness and thereby overal |l stiff nega/gaodaesde1

ball forces can be changes %y changi ng the el ectri cal
circuit boundary conditions $4(open circuit or short
circuit). fr SystemClrcwtry Operatlon To enabl e the

DTN T o AR M VORI

facs and teereby @008 U e BAOR YiSb Upi
det er m ned aseghéon thee tra%gducgphlc?lé@*@ %qﬁcé’%xtenS;on and

besding el g ﬂ@l@abﬁtj‘@llngjﬁlf&?ess(ﬁdlthgveb@rr?c\neralbstrffrbss to the ball
TGRS BN SRR A A B Ol ASRCH, it BB ony corciiton

(equcb@.umleshdrbcwdﬁtt)er m ne cl ub head decel erati on
under inpact and trigger the system 15 accordingly. In

operation, the transducer is placed into an open

el ClircRlins0BEfatiphf cCuit  condi tion depending on the
SENsor. I'——Js_gm’i‘p‘l_@ he el ectrical connect! ons can be

controll ed based on inpact intensity - rrakl ng the

syst tlff re 2 nt ense | | acts_and
I essﬁ?ﬁ e?orﬂ 'ttgg thage uF?Fpﬁj%‘ft”C%ﬂ? gg\d;tlons must
beskReaihéy (carﬁmrea;aaésémoﬁ 8B#c! ﬁeeﬁénéees%éhé%r%hﬁ@ ePstem.

TI\eel Ion er ball ti me and i ncrease in

?tqrm%b%ﬁﬁ rén é‘lﬁcftﬁa@&iuo&r fself (eg voltage or charge
uHHért I%éﬁmg?ﬁ lﬁ:%ﬂ%% aé’tgr Baf téu{ ﬁ@gﬁ?ﬁtg&y&%ﬁ?gﬁor example

nown |n

faoecai-mn or &ioeouefbction gen@oﬂ hfm abedléronseteticdn bRPpYR isaibto
orelt | eaves putter face and it is

bl
d ﬁ%\%@?ﬂ @HE ad fecelarationun 'H!@F*aﬁ'&%tfigw theyaygiam

asSddr8mghefore it starts to roll. 2 6 JAN 2007 WO
2005/ 016458 PCT/ US2004/ 026461 65 The inpact of a
putter conpresses the golf baII front to back while

wi de r_an i The bal ] n N

Feboleralioh. b ttansAlipSidn ped oto AT Seet ool G st circuit
cr{]rgf NG deﬁémmg R thé Bbnd&ic EFor%x@:?rfﬁl@ He Sleefiral Sonfttiens can
be control!ed based on impact intensity — making the system stiffer under more
intense ball impacts and less stiff under softer ball impact. This can be especially

important in conditions requiring enhanced feel, longer ball dwell time and an

increase in topspin or launch angle such as in putting and putters, or wedges and

“short iron shots.

In putting it is known in the art that the key to reducing skid is to give the
ball as much topspin as possible before it leaves the putter face and it is

- advantageous to minimize the distance that the ball skids before it starts to roll.
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golf ball rebounding in a direction determ ned only i)é JA
the direction the putter is 5 traveling and the angl N 2007
wohodsleecasgit t er face relative to that directi opCcTRISI0E/026461
golf balls are not perfectly bal anced, inperfections
in the ball can cause devi at$®n in the rebound
direction called conpression deflection. A reductl on
to t the ball is co esse

h
' audBe B o pisterisermrtosses fhojgalhalliront 46 back B %\Jées
Widsring Bregiftaaer éw fr%%td?ﬁé saﬁ fer ﬁgé t&ﬂm pe

There ore when properly tune eS|red
C@}#S"ﬂ% dta pg@@hfww@ &onptiel clulm fqneeéswerfect doémaria woulddmire the

ofF eI R i BlSctloPlet et ol by P8 BDRR e pfier i
f"a"fe’m@m | thistangfe bf B LRlep R fchalvElHEIA difREDRASAEe ol balls

control @)ﬁgle di stance and direction. 15 The el astlic
Ch, bgrangst nimnasfastions mbe sl canmavise sleyiaiian ia the

e s A5 A
the ballustamrmstedratbmmagt mdnpeseesmﬁrehsmm@eﬂd@onmzmﬂer face

reB BPR Interaca, B oind acianses Ponbal comBresaiar. | Tharetorsy when
prbb@rffﬂﬁhriecﬁﬁ@ dﬁsﬁﬁafﬁf@c’c JiGhER gkf&ﬁﬁetﬁﬁ%rb@!i col'rEJ %glﬁﬁrs
r a substanti al

dges it 20 is better f
dQﬂECfIWé apfifaptimizes leosch rod call canditiors. fFF@mxampIe in putters the

f t
PR RaT oLy PRIEEED SR date weh % fBR rehprdlios
intrease® conteolrth andtdrtet SRl dirk@ioho | ncrease control,
in putting and shorter golf shots as the velocity of

- inmpact increases the 25 anpbunt of control could
e T 8kute Seiciften b ing B A Pl Pl *©
tref%mdousenﬂuemmﬂm dxreq:bmnntre!oc:tym manngnaeybif ball will propel,
Ia ormatlo can CB%F@@? fo ball %ector errors
G Tl Fompeid Betrcsoimmrpseed ARG theampac event
Thewm‘dt@e@ésmér@ié bind eRBFdcs. SR ?tﬁénl 15% ddfibinafiGis BPFHRA

npliance can lead to a | oss contro I gher
"e$’h@f<¥i?s@ftt peihaland dubfecentr meximize chakioR (o puttew® and wedges it

s B0 414 5B TR 8050 B 50 P

- clutdiaces; ot &om compression of the ball, to reduce compressmn deflection.

In contrast with this desire for more compliance in the face to increase
control, in putting and shorter golf shots as the velocity of impact increases the
amount of control could potentially decrease with a more compliant face due to

- the intensity of the impact and force of the stroke relative to percussion point.
- Impact induced deformations can contribute to ball trajectory errors and stroke

inconsistency especially in non ideal impacts at high intensity. Essentially the
increased compliance can lead to a loss of control in higher intensity impact
scenarios. |
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desirable to have a cl ubface which has | ower stifngsgAN 2007
in lower inpact intensity events but higher stiffhess
wonrzods/gb#ss | npact intensity events. 5 In the paaiEeniadeict
enbodi nrent when the Piezo is in shorted condition and
an increase in the anount of66ine in which the ball
remains in contact wwth the clubface, "Dwell Tine" is

coupled to a cl ubfac i.th high coefficient of
fri ciPdncregae thegonial sbie shtans@olRe seitarof iherefore

depirablb 26 hao8 adllutiabd wWhidHSas BT 's@ffﬁ%bf% ihGSWA im et intensity

I ncreased dwel | tinme enables the ace an e
eyeplsaulhigher stiffnessin higerbmiplct iotertsitg epenisose of
inmparting topspin. It is also known that a | onger
dwell time inproves feel. For exanple in [ow velocity
- i npatt thevpreferredosrhbedinidit wieel the PiEseBan sheried2bh8%ion and
t he cl ubf at%e to cradle the ball during contact, _
ap dGIPRse i 1R arepwntefdime intwhish sribalbenairs fnicentachwith the

chBac¥, aShell AHALT i%%ﬁlo‘éﬁ tBha{ glugﬁrcéﬁﬂgﬂﬂé@ cpefficient gf friction, an

characteristic translates
appieciaple ineredsel in cahtro! &mboptimizatibh ef balt 1aupch kphaiiens result.

accuracy, consistency and confidence. 20 In contrast

stiffening the face in higher velocity inpacts can

al solrichsdsed ' HOM
ol e oA e St SN SR TPl Dy to hold
thehalifBr thespyrppes iohinrarting topspirs dhissalzo knaym that albnger dwell
tirﬁ?'?r%ﬁr&lfesf@glrfor”ance characteristics out of one golf
chub™using only sinple electrical circuit variations.
Whereas the sanme range of perfornmance characteristics
in 25 passive golf club design would require several

i dentPlcAIAMPa 3 Ignkelogdy mpaci withia putter dhg ishgrted Mirzece
orfFHI68 IR aHRe R KrdtRE G b Gurhf B Rblrelpd ) e
tirng @nddgss siiddingpods thel gredheAdditionaignigiseerfami=eriest or
oA oA RAE 1S3 SRR S8l ichbngmown
the wﬂﬂotirzr%bve?écdﬁébﬁ %ﬁsﬁ@rﬁg%ﬁ&ﬁgénce

PCT/ US2004/ 026461 "'67 By making the system stiffer
under certain conditions during the course of inpact,

ts:]|e fIlifn @@@5% %ﬁ%@fngétﬁquw% fighas \9&';!3&& im'%latc?sr 034 8ls¥ ihdase
accuracy and consistency by reducing elastic deformation induced errors.
Additionally the variable stiffening effect presents a significant range of
performance characteristics out of one golf club using only simple electrical
circuit variations. Whereas the same range of performance characteristics in a
passive golf club design would require several identically designed golf clubs with
varying clubface material boundary conditions to perform at this range. Thus the
idea of a electrically tunable or fittable club system is possible Wherein changing
a resistor or trigger level can be used to change the club behavior to match a

particular player, or playing condition.
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be configured and fixed by the user prior to the shot,

thereby enabling a kind of fitting of the club to#4 BeJAN 2007
W02005/013458 user can sel ect the nost desirabl e ptIfskaamn36461

5 setting and have it set at _the factory or in a user

control | abl e system the sti% ness can be set by the

user prior to play - depending on the user's desires

cvi ¢ 3R g e vl PR Rl oo d i B bourse of
ingeadt Geriegatoesar iy/baing coRrEEIRSE » AfdHatdhs iNsiifinaks thange can
end of the rip. 10 A'schematic of a preferre

be FaBHgYIEAENGHIXeH ydbe usrePHviciodbe sbot iteereby @pﬁglmam of
TR S G PSSl s A FRBLAML Ble Wifhess

sdttingend heveiiingsd et theciagtory o8 irna disbeasrdiiablo syxtermnetha stifiness

ot bo Bat by T s GERT K2Ry Sonmrisiiaan s Uselpaegres o

- cOrRlitiRUST the Qv GvsdthEl Wilﬁ,-etbﬁ 55 80 b ofl®r electrical setting

configured as a sensor. e sensing circuitry féeps
deviee pae beaoatiguied for gasy usat aacess, donihstarseat thabhg of the
@$orting the piezoelectric. 1In this condition the
9t-ezoel ectric transducer exhibits short circuit
mechani cal 20 properties. |If the sensor output voltage

reaches a critical |evel, then the circuit is. o
t ri gyEFReMatigiot aerefamed embrstimant yhishdises thapiezeelectric itself

Y _ . 1 . d.
A R bR T PR & Sdes ot the
pi ezoel ectric transducer. Upon triggering the
| ect ics, the pi lectric,t d . th
o B, T P b S e S odESn ercer
imFeeD S8 ieMos YareiQe S theth Shorfed l?%fféfi“ﬁﬁpﬁbtgéh%mﬁlﬁgﬁf frAgss

or the remainder of the inpact. Acircuit
tranasiueakinoupledite the face) js elenirically conndnted to chargeyor voltage

sohRHEL4REHn: PESehP? inCayiukhy B aghe TREenSRE duiry

keepthha plezokicoic high 2eddatdround esseitallynshaitihg e pibzoelectric.
n- channel enhancenent node nosfet |in

vﬁichls_anBO_ I 2N} nos .
In {hig copditiondhe pisreplscing ranpducer xhibis sest gircyil gchanisn)

pr@%{ti@%\v }l‘l‘;‘thg '%Shgoﬁ%@aw rg%@%sgﬁ %ﬂ@r‘éf‘?&%lﬂﬂéﬁ ®he cirouit is

triggeredSenthe GRER Inormally closed) which connects the piezo to the

_circuitry is opened, essentially opening the electrodes of the piezoelectric

transducer. Upon triggering the electronics, the piezoelectric fransducer then

- has open-circuit stiffness and the face to which it is mechanically coupled will

now have higher stifiness for the remainder of the impact.

A circuit which implements this is very similar to the circuitry described
above for the friction control application. The circuit is modified by replacing the
inductor L1, with a resistor, R12 in FIG. 23, and the switch M1, which is an
n-channel enhancement mode mosfet in the friction control circuit,, is replaced

. with a new mosfet which is an n-channel depletion mode mosfet Q12. W_ith a
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68 depletion node n channel nosfet Ql2, the ciygu
isinitially in the short circuit condition |2rg’!$1'g2m]7

warasone4d 2 i s cl osed. Upon | owering the vol t ®gg/mtockioesssl
nosfet gate (when it triggers) the depletion node
nosfet opens the circuit, theBeby disconnecting the
resistor and thereby the piezoelectric electrodes. The
ow open circuit. The _control ci

circuit 5 rcuit. .,
d%ﬁ'@faﬂ é%OCfeon ICBﬁB'?eVB‘P?rf@? Qff Ratherlicy is mlaaaﬂr@th%%%a@cwt
c@Sdititn §.BetHe' évﬁffh‘)@m%lbé’éd CUbBH'Iéwen%ErfﬁeVﬁltbﬁg &t the mosfet

driven nosfet rrve circults are comion i1 n
gatee(whargy figgevs)ribe idepletionwhade triosfet opbeny ma)ammfe thereby

oBREASSIER e 3ot A0 ereby 410 plecelairia RIS the tirouit is
now dp@inCEebLto THeSEdrdol Birddit @gb@ﬁtéshﬁn fofer $HREY tfﬁiﬁalsﬁme gate

therefore not perfectly shorted. This provides the

veliags: a2 e frietian seeal Clspwit (Sushusilteag elriver enasfiefrdrive circuits
e piezo is forced. If the piezo were

ar%?ﬁc?i'ﬁ H\(I)"ﬂtq@%%ﬁt he voltage would not rise and the

trigger would not occur. Since the piezo is initially
shuni.ed 15, (the switch QL2 bein

by th
i ni t 139 Itr)’ngrt?S’gﬂs lsrqeiy?\?atbgdglt@g@ pnthe; 8‘9599 FST%? reggﬁes a
th?é’émcfl@ K!Sit% & P\SthdlZehdr Aidye? ”Llﬁ@{!oll’% k%c%ﬁtsé rthe piezo

ti me ‘const ant of OrCI ng
|sﬁ©mddndiwan@¢ dwoudiathearesistonRIE, mnd merb&)r&ﬁot peﬁecﬂy

th t
st Dhis g S ey 1S it BrtHp doftpbie o diatpours
wl(ldan the plc2b i§ fdrakd.v FliNe briYodvdrertfilp ghor&é@ thé%bﬁé@é would not
ppears as 20 an open circuit and the vol ta%:\srlses

rlsﬁhﬁn% the tigses wwicbmtpt‘@aés Sitge thawaorié tnltlal hupted by the

regLs?&rhﬁ‘@[e(tﬁéF @Hgﬁ‘r Cue‘ié"?@ eﬂl&séﬁcﬁ] Cltﬁ@%at WiFrigd as long

as tlzma’mciﬂngfocsufsfat(a reitd on piae wth orrgre@lsr than thbaRC ttimeseonstant of
the volt

Lhe resi stor-shunted piez % g%é the
theisysian.- 5@%@ freguengias Belpiv abaswpéeqi% time
ccpistAt ¢ tHéevd{ta‘rQ;E‘%rﬁll % L& rrﬁjchféi'hée ﬁ‘a%dreeféﬁdrﬁ@eb@ag L&stfort.

In a (_)pe;n circult eCtI‘I cal situation sys em
Ahougsthis timbaronstang (lsgzsioe nelapealy rapifl forcing) the/rasmstensppears as

arl @B SPRR R e Wil OB SBrentily RBeFiry RayS e

- time ke discherdairaugi Peiresistortdurigigahé @8urséaifehe Byeakdown

voI tage. 2 6 JAN 2007

The circuit thus has the effect that impacts of sufficient rate or intensity
that raise the voltage on the resistor-shunted piezo, trigger the circuit and open
the depletion mode mosfet effectively opening the circuit and putting the piezo in
a open circuit electrical situation. The system thus stiffens the system upon

- sufficiently intense or rapid impacts. The system can be tuned by selection or an

appropriate shunting resistor, or (primarily) by selecting the appropriate triggering
Zener breakdown voltage. | |
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mentioned systemis self sensing and self powering in
WOR885/016458 dr aws power from no external source BIRUS2004/026461

rather fromthe charges of the face- coupl ed

transducer itself. It shoul d68e noted that the
triggering signal could be derived froman alternate
sensgh. I.n. addi tjon fhe, feedback | oagic could be nore )
conplineaAkYe 'B@PW%W&%F%‘? FENYRg spd soff noyresingd tiaat it
drangs PRIV AoRPHo eXldinSa] SBURSLRIIASE RS Hort 9?% gﬁ}?ﬁg BMBicPrhce-

fromenergy extracted by the circuitry

CPHplestr er itsalf. it shaydd beamted that dhel triggeeiy sigred! byuld be
. 1 [t of fitti t {, d

CBHA%8 Rt 2ol Shdord i LS o B2 o SRL e

comglivaidaia pedripsesven dpsrafined byt Q@ggelﬁﬁm%%ar?idgd?éﬂg%ésson This

This is the concept of progr anmabl e smar u

a
MY OPHRRRFSPE Caridibg pawarnd fiseh energyf exdracterbhy: thedeirduiteyifrom the

T8I Pl o Ao Bi B B s pyosut o
adittingaysten tbaespend mtierimef&ttegﬂlﬁeﬁ{:c@ﬂﬁidﬂissparticular to an
ities, For exa

A SRS bt ChiSIEEL Grosptote
piraPwsaa Rafrn@ob %iegignéa %o hféﬁ@rﬂHeQHe Hehet! frbm rirgiﬁflag,fgerived

apparent that many additional variations are po
frame given galles's swing r The programmeing essentiailyyaliows the club

el e KeBapk! Vi GRBRU S d FRIVRRA) agfor BRI

chitirsiclevistice ahg tcapabilitidyy Fdlfé)@n?ﬁl&%orr@@ fifthdoRs @ Qlicds!
their equivalents. W claim 6 JAN 2007 70 CLAIMS

1. Agolf club head having a hitting surface for

oo hy st ol SRR EAER ) ierfo, Lo bo
appareatthat menytdddificnal vhiiationsl arbpossibéa and thatahosngesyribed
tBrdih ¥ i By B the intenbvs conckpts. AcBbrdingly, the scope
hereof is not to be limited by the above disclosure but only by the claims
appended hereto and their equivalents. . '

——

We clain:




and an actuator nechanically coupled to said hitting

surface and responsive to said electrical energy for 26 JAN 2007
affecting said hitting surface and altering golf bal

i mpact in response to said electrical energy. 2. The

golf club head recited in c&9|n11 wherein said

transducer conprises a piezoelectric elenent. 3. The

golf club head recited in claiml1 wherein said

actuator conprises a pi egoghpstric element. 4. The

golf club head recited jmtTctrarm 1l wherein said

transducer and said actuator both conprise a common

I f b h . 11
' arai U R bgg dyBed Butfefe 1 ameRdine ¥ 4o ban
the bepd edm_bﬁsmgl @ tharisduegr faHEbrdetingPmedihieni € lehefdyorh @l
recited in claim1 further conprising a support

sugaee MRRGing;a W'ﬁb%'h‘iocﬁm%lﬁat“"@,'aﬁr@r@upport structure
mai nt ai niRgchit fdps%%h@élg stéé‘ﬁw%‘ﬁp ua%%hﬁ’ndaéélﬁ 'ef&t Eﬁ@r‘?jy;

and sai d actuator e go recite
angl aim 4 further conprising a support structure W|thi n

cont act - b fistor HERE oDl PHIPE o SRl Pufhe st S0
regpopsivel te (Sbrd glegttieatanierg\2fob aﬁé&iir@]%_'i'd hittingBsurfelte gl ditering
recited in cla erein said support

go&ppﬁgpag '”Eﬁﬁﬁpﬁg@%S%dé%ﬁﬁ@§ﬁgpegﬁaped housi ng. 9.
The golf club head recited in claim7 wherein said
support structure conprises a conically shaped
housing 10. The golf club head recited in claim1l

b cerng T BoR Sh3iecl bared BRI el S RrRRLCer

I ng surface 1o Vi bra e at
comprices a piEzoelpotrfc dainkent.s bei ng |n'pact ed by said
hitting surface. 11. The golf club head recited in
claim1 wherein said actuator is configured to cause

sai g. hi tThégolf blubaeadtreciedih fHmat whBreith S4ig-a=aRit6r

frequency.
comprises a plezoelectric element.

4. The golf club head recited in claim 1 wherein said transducer and

said actuator both comprise a common piezoelectric element.

o. The golf club head recited in claim 4 wherein said piezoelectric

element is coupled to said hitting surface.

6. The golf club head recited in claim 1 further comprising a support
‘structure within said head, said support structure maintaining firm contact

 between said hitting surface and said actuator.

| 7. The golf club head recited in claim 4 further comprising a support
- structure within said head, said support structure maintaining firm contact

- between said hitting surface and said piezoelectric element. |




12. The golf club head recited in claim1l wherein said

actuator is configured to cause said hitting surface

to vibrate at a frequency and with an anplitude 2 6 JAN 2007
sufficient to interrupt contact between said hitting

surface and said golf ball;,13. The golf club head

recited in claiml1 wherein said circuit conprises a

reacti ve i npedance for storing said electrical energy

14. The golf club head recited in claim1l wherein said

circuit conprises a reactance for storing said
el edri cdihecplirdyb hasl rerited goclaing Bikhereindaiestinpsdt structure
i ' ' iLcuit conprises an inductor
oM 5 BB SB G0t enerby. 16, The gol f cl ub
head recited in claim1l wherein said circuit conprises

an inductor a capaci tor for, storing sai
el ectri cgl?‘e B‘?c@a h%fcgre\?ﬁ?\fj Boglgim ¢ whepe '“'ﬂ%ﬁ APOricgigysture
congRTbek @Cddrishlly Bhapad m,,jsi,%]er ein said circuit conprises

a switch for selectively applying said electrical
energy in response to a threshold paraneter of said

hi t 4igng gﬂéfg%ffecld ; He@ﬂe&%&aﬁ?kfwt*é?éih:sgﬂ@acﬂ&% gol f
club head reécited in claim ereln Sai d paraneter
configyried to cagse saidditbfg surfadectotvibratd atsdlaged firradesedwhije

sai ransducer in response.fo said inmpacting. 19. A
Saﬁ%’ﬂqf %"f“ﬁﬁ%ﬁ 'Wﬁ?}erﬁ]gbgs%‘il?'f&'ﬁ‘%'é%@‘?%g face for
hitting a stationary golf ball, the head conprising;

a transducer for converting first nechanical energy of
gol fITbal The igR&IO hqaddepﬁ*@ﬁm @aigt1 mheesin Al apfuRiaIs or
R b i -

CoRREHEEN B L M Sl VR e Sk SR epoy.
i nput electrical energy and supplying said output

el egtric neroy;..said input electrical ener bei ng

2 pitse. She RATcRENsRPALATY oR”T Wt sadears
coBﬁl‘gu_‘rg(iﬂ taosustadald blfimp$urkiceabnittale Arefdyudpel A8davith an
am%?i%ulcje sa}}fgicri]gnt to interrupt contact between said hitting surface and said golf
ball.

13.  The goif club head recited in claim 1 wherein said circuit comprises

a reactive impedance for storing said electrical energy

14.  The golf club head recited in claim 1 wherein said circuit comprises

a reactance for storing said electrical energy.

15." The golf club head recited in claim 1 wherein said circuit comprises

an inductor for storing said electrical energy.

16.  The golf club head recited in claim 1 wherein said circuit comprises

an inductor and a capacitor for storing said electrical energy.




signal. 20. The golf club head recited in claim 19
wherein said second nechanical energy is a vibration 2 B JAN 2007

having a frequency of said oscillating signal. 21.
The golf club head recited in claim19 wherein said
transducer conprises a pi el ectric elenent. 22. The

golf club head recited in cl?aim 21 wherein said
pi ezoel ectric elenent is nmechanically coupled to said

facez 23ThihergRlly h&écﬁ%eﬁ@@ﬂm I8 § %eirélngslaﬁj é]’ra:%ﬂt com&)rises
further conprising a housing wthin sal ead, sal _
a switeh fog seletiivebdappiyiegsald slectdcalangrdwingespehseriolatbieshold

' k ezqel. rjic element. 2 J 007 73 24. The
P ror Bl SARTEFO Bl ieing Fal bl ol n <ai ¢
vibration is applied to said face to intermttently
i nt %rrup contact between said face and said golf
bal 118 25 Tha opi cihesd rﬁ&ﬂ%l’”’rﬁia'ﬂhy sheeain sgig parameter is the
T O B el i) A o BOREDy bl oA et in fediebe o
saist igpasting. converting the energy of ball inpact with
said face into an ultra sonic vibration of said face
to affect the interaction of said face and said ball
durilég sAigﬂ)(ljﬁ digdaleéad Béving Bdbaliibactingeface &ﬁ Hitting |aaét@t;o'4‘ii\ry
erein said converting step conprises the steps of:
goﬁgﬁ{}eﬁih’?@%&mﬂﬁm i npact energy into electrical

energy; aRdnsGiRy e dondedindir®! BESHAnFR eﬁ&gﬂ/gﬂ' bAball
27. Th ho d

said ultra-sonic vibration. . e net reCited in

impadctiinto imuiiptscdical sae@yasehier comgringepdpul eeetscal energy into
Se&fﬂcfrin%gh%%al [ ptg/ gngi ezoel ectric el ement nechanically
o8& A

coupl e ce. 28. A nethod of altering the
i nt er act a oinclitfonemeivang shit! ighul leldutéchl bhétgyragd suppfydaesaid

n ol f ball being inpacted by the hitting surface;
0“@89%8&% enet,rg}‘rpri sing the steps of:

said input electrical energy being a pulse signal responsive to the
first mechanical energy and said output electrical energy being an oscillating

signal.

20.  The golf club head recited in claim 19 wherein said second

mechanical energy is a vibration having a frequency of said oscillating signal.

21.  The goif club head recited in claim 19 wherein said transducer

comprises a piezoelectric element.

22.  The golf club head recited in claim 21 wherein said piezoelectric

| element is mechanically coupled to said face.

23.  The golf club head recited in claim 21 further comprising a housing
within said head, said housing affixed internally to said face and enclosing said

piezoelectric element.




coupling a piezoelectric elenent to said hitting

surface to generate a first electrical signal in 2 6 JAN 2007
response to said hitting surface inpacting said golf
ball; converting said first electrical signal into a

sel ected second el ectri cal ﬁgnal ; selectively
connecting said second el ecttical signal to said

pi ezoel ectric elenment to create a nechanical effect on
said hitting surface to alter the behavior of said
golf ball. 26 JAN 2007 74 29. The nmethod recited in
cl aiZh 28 Thegofiaiutsbeatl resitedin dlaim 80 whereinssaid vibration is

bR B 590 €s REnERRTEatY TG coP i o<l iyand seid
gdh‘ajdli. 30. A golf club head having a hitting surface

and conprising a device responsive to inpact of said
hitting surface with a golf ball for stiffening said

hi t bsng Auhkies dfﬂa&aw@htecaf@%u@% ?éérraehﬁﬁaﬁéumﬁgén

a selected thresh ad recited
the facel diargaioclun bead and & gplikall; th;a methodrdoseyisingstestep of:

for sens fo r
o Sons e et iarbe SAl MR AL AR AR R
sohigadiratiow ofisit! ifansd tol affeet thedhtesdtiohrd ssaid terend sid bpibn
whet her. sai d i npact force is above or bel ow said
dufifg saHldmPacso. The gol f club head recited in claim 31

wherein said sensor conprises a piezoelectric
el ement. 33. The golf club head recited in claim 31

wheeBi n §he mqtlﬁ%m@@ﬂn clamrgbivdsein seicoerpieding step

cowﬁ)ﬁg@ﬂhe&é Ihe golf club head recited in claim31
erern sal sensor and said transducer each conprise

a pi ezoet@userting sdie vahimpad enéryy igtl électrivdl érw and

TN REWT PR e o

36. A golf club head conprising a variable stiffening
el epent for selectively increasing and decreasing the
st i #f-nesEhemeshey facitad inselainy d € witeraigisgid converting steps are

each carried out using a piezoelectric element mechanically coupled to said face.

28. A method of altering the interaction between a golf club head hitting
surface and a golf ball being impacted by the hitting surface; the method
comprising the steps of:

coupling a piezoelectric element to said hitting surface to generate
a first electrical signal in response to said hitting surface impacting said golf ball;
| _ converting said first electrical signal into a selected second
- electrical signal;
selectively connecting said second electrical signal to said
- piezoelectric element to create a mechanical effect on said hitting surface to alter

the behavior of said golf ball.




head. 37. The golf club head recited in claim 36

wherein said stiffening elenent conprises a

pi ezoel ectric element having a first |evel of 2 6 JAN 2007
stiffness in a 2 6.JAN 2007 75 short circuit

configuration and a secondr#fvel of stiffness in an

open circuit configuratio 38. The golf club head

recited in claim 37 wherein the configuration of said

pi ezgel e%&'rﬁetﬁb&?@d%d i c%z%%rs%a mrp%al \Aﬂgﬁ%éﬁlgal tisa

The gol f ead recited I n cl reln sal
vﬂswtlm bf $ajected renoeneydand/ whessimsaid bebapionisi the induceti gate of

spbggﬁ\)/fesalé) Ollfggﬁ\_ct of said golf club head wth a golf

30. A golf club head having a hitting surface and comprising a device
responsive to impact of said hitting surface with a golf ball for stiffening said

hitting surface when the force of said impact exceeds a selected threshold.

31.  The golf club head recited in claim 30 wherein said device
comprises a sensor for sensing said force of said impact and a transducer in
contact with said hitting surface and having at least two distinct levels of stiffness

depending upon whether said impact force is above or below said threshold.

32.  The golf club head recited in claim 31 wherein said sensor

comprises a piezoelectric element.

33.  The golf club head recited in claim 31 wherein said transducer

comprises a piezoelectric element.

34. The golf club head recited in claim 31 wherein said sensor and said

transducer each comprise a piezoelectric element.

- 35.  The golf club head recited in claim 31 wherein said sensor and said

transducer comprise a common piezoelectric element.

36. A golf club head comprising a variable stiffening element for
selectively increasing and decreasing the stiffness of a hitting surface of said
head.

37.  The golf club head recited in claim 36 wherein said stiffenihg

‘element comprises a piezoelectric element having a first level of stiffness in a




2 6 JAN 2007

75

short circuit configuration and a second level of stiffness in an open circuit

configuration.

38.  The golf club head recited in claim 37 wherein the configuration of

said piezoelectric element is determined by a switch.

39. The golf club head recited in claim 38 wherein said switch is
controlled by a sensor responsive to the level of impact of said golf club head

with a golf ball.




