; 2345e3e%%\] _: " 4nc6ecTc'v, a MILTI PLE MATERI AL GOLF CLUB HEAD 5 14 15
..BACKGROUND OF THE | NVENTION Field of the Invention 24 The present invention
relates to a golf club head with a face conponent conposed of a netal
materiqal, and an aft-body conposed of a |ight-weight nmaterial. More
specifically, the present invention relates to a golf club head with face
conponent conposed of a thin forged netal material for a nore efficient
transfer energy to a golf ball at inpact, and a non-netallic aft 25 body to
control the mass distribution P lated Art . ,. Wien a
gol f club head strikes"HLBBP?Etﬂﬁiﬁﬁfé# éplnpac srﬁ$ produced that | oad
the club head face and the golf ball. Mst of the energy is transferred
fromthe head to the golf ball, however, sone energy is Iost as a result of

the collision. The golf ball is typically conposed of @mmmsr cover

materials (such as ionomers) surrounding a rubber-Ii ke cor mwmwmﬂm er
pol ymer materials having danmping (loss) properties that ar

strain rate dependent 1 PU1194 which are on the order of 10-186%ines
| arger than the danping properties of a netallic club face. Thus during

i npact nost of the energy is lost as a result of the hi gh
deformations of the golf ball (0.001 to 0.20 inch), as op mw@ﬂ smal |

def®r mations of the metallic club face (0.025 to 0.050 inch).

efficient energy transfer fromthe club head to the golf ball c "d lead to
greater flight distances of the golf ball. The generally accepted approach
has been to increase the stiffness of the club head face to reduce netal or
cl ub head deformations. However, this |eads to greater deformations in the
golf ball, and thus increases in the energy transfer problem Sone have
regogni zed the problem and di scl osed possible solutions. An exanple is

BACKGROUND OF THE INVENTION
Field of the Invention
20
The present invention relates to a golf club head with a face component composed of a
metal material, and an aft-body composed of a light-weight material. More specifically, the
present invention relates to a golf club head with face comnonent composed of a thin forged
metal material for a more efficient transfer energy to a golf ball at impact, and a non-metallic aft-
25  body to control the mass distribution.
' ‘ D?scriptgon of the Related Art
When a golf club head strikes a golf ball, large impacts are produced that load the club
head face and the golf ball. Most of the energy is transferred from the head to the golf ball,
however, some energy is lost as a result of the collision. The golf ball is typically composed of

30  polymer cover materials (such as ionomers) surrounding a rubber-like core. These softer

polymer materials having damping (loss) properties that are strain and strain rate dependent



10 Canpau, U.S. Patent Nunber 4,398,965, for a Method O Mking Iron CGolf
. Clubs Wth Flexible Inpact Surface, which discloses a club having a
“flexible and resilient face plate with a slot to allow far the flexing of
the face plate. The face plate of Canpau is conposed of a ferrous material,
such as stainless steel, and has a thickness in the range of 0.1 inchel?%go
0.125 inches. Anpther e e.is Eggiman, U.S. Patent Nunmber 5, 863; 17 or
a Gol f E}bm@&&ﬁmc{?r Qéﬁgﬁé&mnea aFger BendhalagPmgaronstiespf dmesn ék’f%ﬁﬁ-ch
di scl oses the use of.a plurality of plates that act in concert to create a
spr i ng- Thise defidgmmpasthmastydlthe énekdy idlost aga respHof thetigh stretséssandideformetions
between at least two of the plates to act as,a viscous coupler. Yet another

exanpl @it gPSAN08001ab 0.28 ifieh) PR sppbsdiBiRg srialP ddfofthidiors F tif HethflicClyp Wt h

A Pol yurethane Insert. Jepson di scloses that the pol yurethane insert has a

har dne t 2 ngd 75 sher. il €, le.is |n i,
U, paeet R D 03 il AR R il i LT BB RS e gRRERY, &
whi ¢ch di scl oses using.a face plate copposed of a ceramic nmaterial 2 PU
194§;ha\9PW& l‘éaqi‘iogﬂ’ie"éﬂeqlék}t ‘f‘lﬁté‘i‘%‘f Q%S‘G@Q%a i ent, although ceramcs are

usual ly harder materials) Chen et al., U S Patent Nunber 5,743,813 for a
CGol f C ub Hde, geuérsly escepted epprgachihasibebm td mygrease tha stiffoess af ¢het dutahead ficet the
shock of the golf ball. One of the materials is a non-netal nmaterial. Lu,

U.S. Padcriob nide1ide tlud 138 d8fbfmations. MomED MhiSidabs tde@daty ddforaedtions tri 18 gbIFser t

Face Plate, discloses a reinforcing elenment conposed of a plastic or

al um nggflaﬁnld%u&i%%eaféslig\{% J&%r o.agg)%bgri%u ting of the face plate which has

a thicknéess rangin rom nches for a variety of materials

including stainless steel, titanium KEVLAR  and._the |jike. Yet another
Canpan inve§PWﬂlaﬁ?§°°§%¥%41[helﬂEé]%@P @?%ﬁ’éﬂ%?oﬁs © splpdons. g ¥y
Insert Capable Of Elastic Flexing, discloses a wood club conposed of wood
wi th aGCasipals, USs Batent Nomber 4398965 bor 4 Method & Weking|eoni Gojf GlubsWith Flexible
plate, Viste, U S. Patent Nunber 5,282,624 discloses a golf club head
havi nghfipdct Sarfate] ixhicDMPEI6RE a@iubthdviizoeledbi anl @esiliGit €8de piatt erithal sigind
having a thickness of 3 nm Anderson, U S. Patent Nunber S, 344,140, for a

mat or Y G R PO OR e el TR o e AN e Bl oced of
For goa BlaD HAL Bt S el e acBeBRess o R D keIt meiSs

Anot her invention directed toward forged materials. in a club head is_Su et
al ., U S Ppémether rxamele iSEgzman1d.S; Batent Mumperd,§63.ehdor 2 Galf (il Head 8ty
cl ub head conposed of three pieces . _ , with each piece conposed of a

f okSge dEhmtieallydDefoifhing Face Aab Back Platespivhish discleses treasdaof a plurhlity of plates that

act in concert to create a spring-like effect on a golf ball during impact. A fluid is disposed
between at least two of the plates to act as, a viscous coupler.
Yet another example ‘is J epsc;n et al, U.S. Patent Number 3,937,474, for a golf Club With
A Polyurethane Insert. Jepson discloses that the polyurethane insert has a hardness between 40
20 and 75 shore D.
Still another example is Inamori, U.S. Patent Number 3,975,023, for a Golf Club Head

With Ceramic Face Plate, which discloses using a face plate composed of a ceramic material
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head with greater |loft angle accuracy and reduce structural weaknesses.
Al zawa, U.S. Patent 20 Nunber 5, 346,216 for a Golf C ub Head, discloses a
face plate having a curved ball hitting surface. 3 PUL194 U. S. Patent
6,146,571 to Vincent, et.al., discloses a nethod of manufacturing a golf
cl ub head wherein the wars are obtained by injecting a material such as
pl astic over an insert affixed to a neltable core. The core has a nelPU11%
poi nt | bawng a high enkrgy tuhsfeheodffigient; althaughiceraics arausyallyhasisr materiatsn Ghenhe
core is renoved, an inner volume is maintained to formthe inner cavity.

The i nsefdl., UBY PReAlNumBerdS, 7458 3 b 6 G € Hedd0fisE185Reing dtiblQayery Ithe!
portion of the front wall of the shell upon renoval of the core where the

rei nfor e ' ' ' | | . ext endi ng
por 1 ontieS s BERE hod uTREBIEDAE Bhe Bt HEHURAM b Ro Bl Ruighia ) ©

di scl oses a golf club head having upper and | ower_ netal engagenent surfaces
formed al ong%‘é’ WiSn §pisntiNumber, ﬁa‘ff?e‘% ]égéorﬁ]%?]é‘?% C(I%Hﬁéfi Withgpelesting Ssext Face
surface is heavier and nore dense than the metal of the upper surface. U S.
Pat ént sPhi{& d3c1886 arsthfbrebigzglaRanttcompiosgd of agtlastic.or allinginlimsdloy thpoklows fon head
of nol ded thernopl astic having a striking face defined by an

| mpact - m@fdrdeAedtingRifdthd fabe pRAR WHigh ﬁh@ﬂﬁﬁé@eﬂt@n%ﬁg IfoRD0.61 @58BY itk RRa 2
front wall of the striking surface of the club head and extends upward and

272 6 e 58 S R0 B Tl
2 hol | GnPGONT PR D et NGpes 888 T a&r%&féﬂ@%m%?rma%hiéf“es
U

surface conposed of a nunber of stacked woven webs of fiber. _ , US

Pat ent Blagi7llogiggt disclpsss aavqodatiutatompasied of woed withgointtatingérthead having a
body conposed of a series of netal plates and a hitting plate conprised of
plastic or carhashtiot AlendRidst Axik§6f Bk Tadeliftath] Viste)U. DMkt NanbepaRBZE24v t h
a forwardly convex shape. Additionally, U S. Patent 5,310,185 to Viollaz,

et al. ’digéﬁéék‘&l%@g]c%ﬂ"ﬁ’éahgx‘é’vng@gfagé ufz)!gte*b% o@&i’&%o%é&%@ﬁnl@%&? ﬁﬁté?fa} &nd

series of neta at es, ort plate | ocated on the front

composi e Bk S o Atdtemons Ui el NirEohaa 4% B0 deoR Pl Gl Hepe

0
convex front plate associated with a forwardly convex rear plate of the
hi t t i ngARd Meghod Of Forming Same, also discloses use of a forged material for the face plate. The

face plate of Anderson may be composed of several forged materials including steel, copper and
15  titanium. The forged plate has a uniform thickness of between 0.090 and 0.130 inches.
Another invention directed toward forged materials in a club head is Su et al., U.S. Patent
Number 5,776,011 for a Golf Club Head. , Su discloses a club head compf)sed of three pieces
with each'piece composed oé a forg;d material. The main objective of Su is to produce a club
head with greater loft angle accuracy and reduce structural weaknesses. Aizawa, U.S. Patent

20  Number 5,346,216 for a Golf Club Head, discloses a face plate having a curved ball hitting

surface.



thereby formng a forwardly convex hitting surface. U S. Patent 5,106, 094

. to Desboilles, et al., discloses a golf club head having a netal 5 striking
face plate wherein the striking face plate is a separate unit attached to
the golf club head with a quantity of filler material in the interior
portion of the club head. U S. Patent 4,568,088 to Kurahashi discloses a
wooden gol f club head bod%/ reinforced by a m xture of wood-plastic PULI%
conposi t e ned-8r Paent 6,6 M@&’leﬂeat‘,ter-cl-,césmsﬁ@lerﬂmdeqfimmltfmtm@pgmg&lﬁdhb

di stributed such that a higher density in the range of between 5 and 15 mm

| i es adiead ehbreikDtht vails dreabttislish inhstiagh intltdrial Badhads|prastiviolr ddidsért Afiked ace
of the club head. U S. Patent 4,021,047 to Mader discloses a golf club

wher ei R, b g 1801 @ o, e cofER aRhéat ﬁ%@ﬁﬁ!er tl'faﬂefhafflgﬂl tOR ctaﬂwélhﬁﬂﬁnﬁéﬁalfsy med
as a unitary cast netal piece and wherein a wood Or conmposite Crown s
attach%gatto this uni tar(}é, Bi ece therebé/.for.m' n% a r%oll w.chanmber ipn the club
head. [BtQRES tpgpreds rengyst, ajpipngryolyne ismajntaingd e form the inpes cpwly. nbheinsegh| 1
club head where the netal casing of the head is conposed of at |east two
opehi n@RAY cpmprise adesigtanse elsmeat for reinfoseipg the igtemeal porton of itk Gortdyall ofthe t he
head where a portion of the conposite material is located ., in the

openi ngkelbfipdnren@ehifofehddoré ehereahs teuiforddment Elainent is torhpriselitof dliminam with
di scl oses a hollow golf club head wherein the shell body :0 is conprised of

net al gl I ace plate is conprised of a hard wood
such a?‘ grgg Fﬂﬁg‘?ﬂé‘?mﬁk‘cﬁx‘?ﬁg‘wcﬁﬁ%he Pace p: Zte |ms) :'ji gned such t hat

t he wood graipn ,present dwi.se at the.strikin | at e. . PU1194 S.
batent 3, aod St Sded si WbeEroel Sistlers L pOEChB G Buving Sebe Aad losieryi «

sole and striking plates fornmed integrally thereon. At |east one of the

pl at es Mk cagrgemsate@ces formped dong psinglerplanccintearfage whewstithamnsjalafjthsiowst e

wei ght neans. U. S. Patent 5,410,798 to Lo discloses a nethod of

mabiuf asurirce igheavieo apd siotedget thaalthdbmetd df theiupgemsunfat@al casing to which a

| am nat ed nmenber is inserted. A sheet of conposite material is subsequently

l'ayered oveyy s hatQpessness@ind 1847, 207 RARied1, BEAD ischid€ aRIAIuE B&dT midldéd ose
off the openings in the top of both. An expansible pocket is then inserted

into the |l ow .l am nat nher .conprisin i i LI . i

cni or 1 SRR P MR TS SeafRl bR T B Bl Sea BEERBAGHE, The
casing when the head is placed into a nold and heated. 10 U S. Patent

4, 877, 358Yng glemephdriBies aifiont wall of the yaking synface|of the ek head d axtnds upwaRdnat ed

upper surface and netallic sole surface having a keel. In order to
r ei nf oarskalphgethe side of the impact surface to form a neck for attachment of the shaft to the club

15  head. The sealing element preferably being between 2.5 and 5 mm in thickness.
| U.S. Patent 5,425,538 to Vincent, et al., discloses a hollow golf club head having a steel
shell and a composite striking surface composed of a number of stacked woven webs of fiber.
U.S. Patent 5,3 77,98é to Vio‘llaz, ez: al., discloses a golf club head having a body
composed of a series of metal plates and a hitting plate comprised of plastic or composite
20  material wherein the hitting plate is imparted with a forwardly convex shape. Additionally, U.S.
Patent 5,310,185 to Viollaz, et al., discloses a hollow golf club head having a body composed of

a series of metal plates, a metal support plate being located on the front hitting surface to which a
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| am nati ons and to keep the body from del am nating upon inpact with an

. unusually hard object, a bolt is inserted through the crowm of the club
head where it is connected to the sole plate at the keel and tightened to
conpress the lamnations. 15 U. S. Patent 3,897,066 to Bel nont discloses a
wooden gol f cl ub head havi ng renovably |nserted wei ght adj ust ment nmenbers.
The nenbers .are par. to a central .vertic aX| s running_ fromth®¥ce
sect i om“trtgﬁﬂecqeapsgiefmlwcef CQIRROSite ihattached. @L%Pﬁ@ﬂ%‘? hasf t he crown
to toe axis. The wei ght adjustnment nenbers may be hel d in place by the use
of capbuowardly ¢anivexi frant plateaksoaiatadhwitie a fersiandly whnvelx rearplae obtheditting gdlate f or m
the faceplate. The capsul es have openings on 20 a rear surface of the club

head vﬂhgféb?wlﬁgg%rwapd{yg@mggmﬁ t@afad] ust the weight neans. U S. Patent
2,750,194 to Cark discloses a vvoo%len gol f club head with wei ght adjustnent

means. The tray. menber v i and bagttom for
hol di ng thegﬁe?aﬁpyg18@%&6%8?%&8%%&,lf)agsfeé Fﬁmfﬁg’a@tagg\awlgla al
integrally with the heel plate. The hee] plate with attac .. -
menberstiking facsplate whetedn thestdagifase ptatfelsgoﬂeparetewﬂ\ﬁﬁacleﬁ te Herﬁqlubclufuhed
Patent 5,193,811 to Ckunoto, et al. discloses a wood type club head body
corrpriwiﬁhia;quhmﬂyiofﬁllctfmateﬂylrintﬂmihtﬁrioesbnioamdtlma’mlthd:adic sole plate. The
netallic sole plate has on 5 its surface for bonding with the head body

integrally o®. peenmesbeoss Rah&hD8isélof3 0k odten (g0 Nefhead by reifotiell Hyon
the toe and rear sides and a beam connect i ng the wei ghts and hosel .

Addi ti 2R 6 t gol f
club heagzt{!iﬁé‘.volfr&tbg?%(g;tlrtfr fsﬁfﬁ mglﬁgﬂel m&tggl ergw an%%csog{ OS *sna%‘b gﬁfe?ncf? r esin,
and net al ght nmenbers | ocat ed on the |nt er| or. of the cl ub head.

f oarraﬂtnév‘ﬁﬁi’ QtSFréhut?dsSltCh that @ daghen density dn therrRgs ofheBrsenr wd oamdles @dtaeerto

formthe core. Once the foamable material has been injected and the sole
pllét e tp gndexiandsouibstiahidaltyl paballeé withitke frenit fack ofthe alubdeadhe f oanmabl e nateri al
to expand thus hol ding the weight nmenbers in position in recesses |ocated
in toe, hedll.Sapstesy4,021G64 Bloddadee diselSedy gl slubreherdie thedofdplatepfibeplatd)t 0 t he
i nner surface of the outer shell. U S Patent 4,872,685 to Sun discloses a

wood thupe ol h%EéiS) thtﬁ‘glal‘\égﬁwﬁﬁia@a@ar&ﬁl ya: gﬁétaﬂpﬁeaesmawh%ftmmoaopal e unit

to forma unltary uni't conprises the upper
portion of

b wogAmBeRLs SRV iy pach B B enirieR GeBhy ity FRSTEY b 28 hiedp o

face insert consists of the striking plate and . weighting el enents. The
mal e 4. has a substantially greater weight being preferably conposed of a
light metal alloy. The units are mated or held together by bonding and or
méShani cal UrBaPatent2)624, 81 tBdioeat a/5di3€185@3thallowkae@al gathcldb heddwbere shavood

gol f club head having a striking face

metal casing of the head is composed of at least two openings. The head also contains a
composite material disposed within the head where a portion of the composite material is located
in the openings of the golf cluh head ::asing.\
U.S. Patent 1,167,387 to Daniel discloses a hollow golf club head wherein the shell body
'0  is comprised of metal such as aluminum alloy and the face plate is comprised of a hard wood

such as beech, persimmon or the like. The face plate is aligned such that the wood grain presents

endwise at the striking plate.



wherein the height of the striking face at a toe end of the golf club head
. Is nearly equal to or 7 greater than the height of the striking face at
the center of the club head. U S. Patent Nunber 1,780,625 to Mattern

di‘'scl oses a club head with a rear portion conposed of a |ight-weight netal
such as magnesium U.S. Patent Nunmber 1,638,916 to PUL194 Butchart

di scl oses a golf club with a bal anci ng nenber conposed of persimobn Pullge
sim | ar woodUnatRatensB,692,306 & Gloekt dis¢lases laqmif canheasldaving atiracketwithadleaated
to the bal ancing nenber. The Rules of Golf, established and interpreted by
the Uni i@fingtiiteSromnkd irSERE) Bkicen A£16560ne oPihe pTdiés 1R YA lenbRddtemate Col f

Cl ub of Saint Andrews, fforth certain requirenents for a golf club head.
The requi.r nts.for a | f clu ead .are found in Rule 4 and Appendix I1.
A conpl gﬁlbg?%g%ﬁ%r{ﬁ%{?Woggblyﬁgluﬂ{#@sw%ﬁ&?@gare avai | abl e on the USGA web
page 10 at www. usga.org. Al though the Rules of Golf do not expressly state
specific parHr%tP@?eéltMgO,a%éq ko 1selssersad@9thpépémmqfaampngmicmnp@snerﬁ@lg%te
fromhaving the effect at inpact of a spring with a golf ball. In 1998, the
USGA adieqaideding a rastal ¢asimgead whicholamiraéd memBet 8 idbetted Avkheshofemmsposits cl ub
face COR. This USGA test procedure, as well as procedures like it, may be

used t Oy RASLSGubdetRerdtBI8yRFbvel meApiAIBS thEFarPih Rl n¥ribd?aad Hets Lasaomany

variations of multiple naterial club heads, the prior art has failed 1o

provi de i.pl rh clyb head wi i.ah ; ficl

Feat i ¢ ctrsotEs sPallRs B hos Rl 28 bolo L e el e g plip
SUWARY, OF THE | NVENTI ON, PU1194 The .present i nvention provides, a golf club
head wi PR RAte} GRTEERIOMRIISEHE sogfur Bdte: YPRORIUIh CIPEds aVRIREF D Bhe

post-i npact velocity of a golf ball for a given pre-inpact club head

vel oci tmemberTthattpechemeagrallyrto dimnt metal casingblleent the heashinplacsd irtthasndlg and heageda
face conponent conposed of a netal material, and a striking plate with a

smelpl aspectyraPaRnf £877,249 ) THYAshs8n HACHBeSAvbEE BoHCRD hedh8mbadgEng #nPonent
is attached to an aft body conposed of a conposite, thernoplastic, or very

| i ght Wﬁﬁlﬂlaté?&ﬁ%g ?dnrgatcgﬁ.ﬁq gligga?l‘fct solf sdrBRe REARE Qe Bde? B tetnfBraddhd ! ub

head conpose

laminations and to keep the body from delaminating upon impact with an unusually hard object,
a bolt is inserted through the crown of the club head where it is connected to the sole plate at the
keel and tightened to compress the laminations.

15 U.S. Patent 3,897,066 to Belmont discloses a wooden golf club head having removably
inserted weight adjustment members. The members are parallel to a central vertical axis running
from the face section to the rear section of the club head and perpendiculz;r to the crown to toe
axis. The weight adjustment members may be held in place by the use of capsules filled with
polyurethane resin, which can also be used to form the faceplate. The capsules have openings on

20  arear surface of the club head with covers to provide access to adjust the weight means.

U.S. Patent 2,750,194 to Clark discloses a wooden golf club head with weight adjustment

means. The golf club head includes a tray member with sides and bottom for holding the weight
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10. conponent and |ight-weight aft body, and having a coefficient of
restitution of at |east 0.83 under test conditions, such as those specified
by the USGA. The standard USGA conditions for measuring the coefficient of
restitution is set forth in the USGA Procedure for Measuring the Velocity
Ratio of a Club Head for Conformance to Rule 4-1 e, Appendix I1I. Re\éiggji&gn
I, August 4, 199 d Revision Q, July 6 998, availabJe fromthe v 15
Yet anBﬁJﬂéﬁm%B@ qrglgy cpgior formed inte ¥N‘t1€ho‘h° gg&l@%ﬁl h"(:ﬂ“i?bp{?&aﬂ“ha%%da
face conponent with .a striking plate that has an aspect ratio no greater

t han 1weightmembepisansardiintoitbe héad afdle golHélubivit dn affeninge f ace to t he hei ght
of the face. Normally, the aspect ratios of club head faces are .,

relatively @r.eataénttsn33,8l1%e Okamotx R, Bisclodes @\%@8&@)?6 3lubtheddi bbde ori gi nal
GREAT BI G BERTHA driver from Call away CGolf Conpany of Carlsbad, "California

was 1. ﬁﬁﬁﬁ' ' ter. L1k I t erqa t ratio
of theg%l{lﬁﬁ?(e:a g pﬁ?gfggyxﬁ ﬁ%ﬁc@%g%ﬂ%g?egélhf E@e \!&ées'e??e 1?1%@('131% "’lrocljeni§l §ﬁﬁlgs Bt or
greater. conpliance and thus a | arger coeffjcient of restitution. Yet

anot hes &g fortonding w@@heaﬁ ﬁe%hmtfeﬁsallys%ogna%memhewonggﬁmgrfcwak Ppthg
face conmponent 9 conposed of a netal material and an aft-body conposed of
a non- hedl aldepweighisain, thd ko dnd gearBides hndi a bearp onmnecting theaveights landiosel.at e
portion and a return portion. The striking plate portion has a thickness in

t he rapgd@itidhally, U9, Patedt 5911070 Qligdbto, dr @l @belbses RQolf b Rédd Havingiagkness
in the range of 0.010 inch to 0.200 inch. The aft body has a crown portion,

a sole ot r i Ih . L t,
et ur n ot el oy chABAt L RS R e B il ) FARAC AR B, 1y
of restituti of 0,81 t0.0.94, In vyet, another enbqdinment, the_strjking

Dl at o HOHGRGR a4 FoaBTable MieH RS SURHER feS PhapUo interienss B clitd
0.12S -inch, and_a nore preferably.thickness in the range of 0.060 inch to
0 1011 formcthe careeOnegthe doamaiiematenial hasdfeen dtpsted andhibe soleplate is atiarhad, the
titanium alloys, steel, 10 steel alloys or anorphous netals. The striking

pl at e ¢lab heahis hesttd takduge frsfoarnalsls petérial & expand tigisdmlding theameight mentbed/s
striking plate portion preferably has concentric regions of varying

thi ckngSsitohiin tdiesd/dy 16&Rad irf B8 1R8I %ﬂ/&%@ﬁ sidd ?eg‘i@t{bt!ﬁfpous%g th&lveight Portion

preferably has a thickness ranging fromO0.020 inch to i nch.” The gol f

club hea referably has a volu rangi ng from 300 cubic centineters to 600
cubi ¢ C& ?%Eoetﬁlg.lm}%ﬁéur %qefOfglF%%Rﬁresglagpreferabl y has 15 a nonent of inertia

about the Izz axis that is greater than 3000 gramnms- centineter squared. Yet
anot her aspdct Patent h8768% indun diselasgssrvead e 2ol clwy head shersan a &fmaje 4yt ace

conponent conposed of a netal material and an aft-body conposed of a
pl1dr al is matest wh aesale inid te fopmegunifing golf club head. The female unit comprises the upper

portion of the golf club head and is preferably composed of plastic, alloy, or wood. The male
unit includes the structural portions of sole plate, a face insert consists of the striking plate and
weighting elements. The ma‘le unit I;as a substantially greater weight being preferably composed
of a light metal alloy. The units are mated or held together by bonding and or mechanical means.
20
U.S. Patent 5,398,935 to Katayama discloses a wood golf club head having a striking face

wherein the height of the striking face at a toe end of the golf club head is nearly equal to or
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face conponent has a striking plate portion and a return portion. The aft
body has a crown portion, a sole portion and a ribbon portion. The aft-body
is attached to the return portion of the 20 face conponent. The nonent of
inertia of the golf club head about the 1zz axis through the center of
gravity is greater than 3000 grans- centineter squared, and the nonent of

inertia about the ly i s through the center. of gravity is greater FUREA
1800 grgé‘??ﬁqr%laé‘ﬁg?hggér&xéféﬁﬁg&gﬁ@atW%ﬁ@&’fﬂ@td&]&aﬁer aspect of the
present invention is_a golf club head including a face conponent conposed
of a forged hdtRdtentdNventeal ,780628 0 Mattehodiyclosaspadwtheaf] withod reamportipn of pl i es
of pre-preg. The face conponent has a return portion and a striking plate

por t i 0BompbRdDf ailighRHeiphPingtaP Hidhi Bindpsiam. X SCPateht NUhbAUSW B | nteri or
surface. The striking plate portion extends froma heel section of the golf

club h i t | . cl head. The return exten

| at er aﬁﬁgc h%ﬁ\/i‘/gsrck%? i %gﬁﬁ gcﬁgrﬁ&%ﬂ gﬁa\%?ng Wén%?’l: ?%ﬁﬁo engP%’“B oreR gh? s%dlér gol f
club head al so,has an_interior tubing fqr receiving a shaft. The interior
t ubt ng “eRdapteiakand sobell-dike bpdncampessd of ékumlﬂurﬁ@#@&e;ﬁ ta fhe balansingmerabar; on
of the return portion. The aft body has a crown portion, a ribbon portion
and 10 a solTae Bautdsiofitiolf] hetatdisbed ambintérpretadshyatht Abited Statest Gelf dspaatoact i on
of the return portion at a distance of at least 0.50 inch fromthe

per i Nne{‘aISGA "} @ THeRd¢laNghdPAAdientGS1E CRLb of MntSOhdeWE) skl PRhakkaighed to the
| ower section of the return portion at a distance of at |east 0.50 inch

from ¢ AEBERLEESy: At LEald M aREASORIL! A ciPheN0L RERaRPRER's 8o the

presen nvention | ace conpone

conposed of ,a netal material and an aft-body conposed of ality of
plies &pmdéx Br ég?omlétegkﬁcfﬂmoa@f teeBuksef g?omr% llﬁalﬁ@nﬁge ﬂﬁﬁﬁ Web Pasfhi ¢
centineters to 52S cubic centineters and a nass ranging from 175 grans to
228 gr atmsww.usga.org. YalthaugbtheRulzs p€Colfalo not expressly statei spewfic pamnmicterafogel

cl ub head having a face conponent conposed of a forged titanium all oy

mat er i goif and fade, Rute 006 yrodiviRasehco from dvitigthieteffeof at dhp&s o0h spingwith pr eg.
The face conponent has a return portion and a striking plate portion. The

stri ki parghigt & 1@@@&9@%& gggélgfgztﬁsi ﬁ}o&é‘&ir@!ﬁﬁlrs%nt"c@@méwﬂzWlﬁéﬂ”&%ﬁérisgi@st h the

t hi ckeSt regi on about t e striking plate portion.

ol ub Hada Ee'ec%@orﬁg3%3@%@%&%%%%@%%% Ve e PRetan s dmar o tssily Mo no
greater than 1.7. The
club face COR.

15 Although the prior art has disclosed many variations of multiple material club heads, the
prior art has failed to provide a multiple material club head with a high coefficient of restitution

and greater forgiveness for the typical golfer.
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return portion extends laterally inward at |least 0.50 inch froma perineter
. of the striking plate portion. The return portion extends laterally inward
360 degrees of the perineter of the striking plate portion. The golf club
head al so has an interior tubing for receiving a shaft. The interior tubing
engages an upper section of the return portion and a | ower section ofyfhe
return portion. The aft 9%$E NAVE om 0.010 inch to
0.100 inch. The aft bodybigg%sf udes a cIrYSé%nEl porti onNig ﬁbbon portion and a
sole portion. The crewn portion is attached to the upper section of Ehe
return portion. The sole portinz~ is attached to the | ower section of the
return portion. A heel end of the ribbon portion is attached to a heel
section of tHee presant nvsatien pravides 2 gelf clpbdwgad withraHugh reafbeiepiorfiregitution in
attached to a toe section of the return portion. The golf club head has a

hol | ow ¢rdémetoiifdreasa theopastmpan 9elogity ¢ fagoIDallfob ia @i venrpre-ifp ot slubtheddVelotity.C
centinmeters, a mass ranging from175 grans to 22~ grans, and a coefficient

or cdont THEEARGRAARA i AT e m i by S e hoptienl BERSRUER 2 o

t her eof ni zed th ses IIedln ti art .fromthe
for! ow HEehBaERh AL w@%&@%@ Ak esoschyafc [nsae Fifband s e seacé &
conjunction with the acconpanying dravvl ngs. 12 BRI EF DESCRI PTI ON OF THE
SEVERALThy feye-apmponet ipRAWHRGS @1 &t bady epmapdsedaf a oomposite, theameplasticepiiteripf

the present invention. FIG 1 Ais a fxont view of the golf club of the

pr esentlight wetdl ncaterfddowi ng t he 5 neasurenent for the aspect ratio. FIG 2 is
a rear view of the golf club head of FIG 1. FIG 3 is toe side view of the

golf club h I ol f club
Pony of P oA pedi dfhelprelenf é‘sé’;‘}f"g‘n‘@&??@ el ?%g%gﬁ) Vet Pnclaliacpo T ol o

exiPoaearpolstand Helliybier o o Baifeing #ﬁ%ﬁﬁ%ﬂmff reflsition ot At Igase g 83 Tt

cross-sectional view aI ong line 8-8 of FIG 5. PUl1194 FIG 9 is a
cr oss- et cpriitionsy push aéﬂbwg speqifsecobyothe fUSE 45, Tsemand.?srtirléi%gomém%% of the

golf club head present invention. 15 FIG 10 is a heel side plan view of a
gol f clménsafing the cpeffcant of wwtintioois sel fouhtin #id UJGHRrodeduxe prdfersiriagtre. Fl G
10A is a front plan view of a,golf club of the present inventidn
i 11 ust neyddig Rabie of a8Xub Head for Conformance to Rule 4-1e, Appendix II. Revision I, August
4,1998 and Revision 0, July 6, 1998, available from the USGA.
15 Yet another aspect of the present invention is a golf club head having a face component
with a striking plate that has an aspect ratio no greater than 1.7. The aspect ratio is the ratio of
width of the face to the height of the face., Normally, the aspect ratios of ¢lub head faces are
relatively greater than 1.7. For example, the aspect ratio of the original GREAT BIG BERTHA®
driver from Callaway Golf Company of Carlsbad, California was 1.9. As described in greater
20  detail below, the smaller aspect ratio of the striking plate of the club head of the present
invention allows for greater compliance and thus a larger coefficient of restitution.

Yet another aspect of the present invention is a golf club head including a face component

9



and Y axis. FIG 11 is a front plan view of a golf club of the present

«invention illustrating the test 20 frame coordi nates XT and YT and
transfornmed head franme coordinates YH and Z~. FIG 1 [Ais a toe end view
of the golf club of the present invention illustrating the test Frane

coordinate Z' and transfornmed head franme coordinates XH and ZH. 13 FI G
12 is a front view of the golf club head of the present invention PULI9%

i |1 ust campaipdiofe melal matedaland an afithodi cemposediafe nonrmetahmgatstisl Thefac® 12A i s
a front view of an alternative golf club head of the present +nvention

i || ust eeinpogent hes ¥ afikingipdas potioh ahe K Rea s sYrtibh eThé §&1‘kin%g>1azé potion R4 94 FI G
13 is a cross-sectional view along line 13-13 of FIG show ng face

1 CKIBRBcas b ke 100 01 PERAL BOSPERITLFTH, Mo A b VBN ) . At g

i nvention 1s direct at a go club s a hi cie PU

1194 regtit Mt i r.eb abling for greater .distance af a golf. ball hit
wih 1 AECGBY ol b det itrRe Pyt oot ol hasticn B f EbbeR of
restitution (also referred to herein as "COR') is determ ned by the

f ol § owpawgioaqUdae aBrbody s attacher inrbe mtwrnportion efithe ficasompenrent.e Theigolf chibi or to
I npact; UZ is the golf ball velocity prior to inpact which is zero; v~ is

t he cl héadterd coeffeient vf jevStutioh b£0.8sepauoat i on of the golf ball fromthe face
of the club head; vl is the golf ball velocity just after separation of the

gol f ball f t%ﬂ&hgla(ﬁgb%ﬁn%:ﬁggﬁ%:sﬂgﬁgf?ﬁie ohds®s brRf-AACINAGLRNh uff

restituti on between t e clu ace. e values of a are

cou {1 EFERP! G5+ BEhte friisachs o icee Rttt ke SOl rGPb hPRY mih e

woul d be near zero, while for a perfectly elastic material, where no energy
i s | osP-adOmchesthetfags carananentis Peicrablyecopmoprd fititaniy, itaniven allays, sterd,
present invention provides a club head having a coefficient of restitution
r akfgi ngiedlratinyLor@indrphusdvetalas Tire agikirgnplateperticoprefendtilp had ant aspéct eatiocha | on.

| greater than 1.7. The striking plate portion preferably has concentric regions of varying
thickness with the thickest region in about the center. The return portion preferably has a
thickness ranging from 0.020 inch to 0.150 inch. The golf club head preferably has a volume
ranging from 300 cubic centimeters to 600 cubic centimeters. The golf club head preferably has
1§ a moment of inertia about the Izz axis that is greater than 3000 grams- centimeter squared.

Yet another aspect of the present invention is golf club head including a face component
composed of a metal material and an aft-body composed of a plurality of i)lies of pre-preg. The
face component has a strikin‘g plate ;Jortion and a return portion. The aft body has a crown
portion, a sole portion and a ribbon portion. The aft-body is attached to the return portion of the

20  face component, The moment of inertia of the golf club head about the Izz axis through the
center of gravity is greater than 3000 grams- centimeter squared, and the moment of inertia about

the Iyy axis through the center of gravity is greater than 1800 grams- centimeter squared.
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As 'shown in FIGS. 1-5, a golf club is generally designated 40. The golf

- club 40 has a 20 golf club head 42 with a hollow interior, not shown.
Engaging the club head 42 is a shaft 48 that has a grip 50, not shown, at a
butt end 52 and is inserted into a hosel 54 at a tip end 56. The club head
42 is generally conposed of two conponents, a face conponent 60, andpgfye,
aft-body 61. The aft-body 61 has a crown portion 62 and a sole portion 64.
The club head 42 15 PU1194 may al so be partitioned into a heel section 66

nearest the ft 48:«a toge. sectign 68 .0pposi t . el sgction 66,
and a rear sgg€?5N“§ﬁs é%@@?@“?ﬂﬁ“Pﬁ@goggﬁb%ﬁgﬂngﬁgiWﬁESFQEESE%WﬁﬁﬂﬁﬁPt60
is generally conposed of a single piece of netal, and is preferably
conposetPraposad pHa fsgedvmetal matariet and an afbbedymoninesedbeta pluradity of pjied ofipreapreg.
material is a forged 5 titaniummaterial. However, those skilled in the

r el evanTh&face vothporieRC hgs @eurh paitioned haatking plats portiyn. (hecaiking peteqforddmer
materials such as steels, anorphous netals, vitreous netals, ceramcs,

COMBOSI {R%n P E‘urf&%raﬁe'an‘;iﬁtpﬁ&ssu?f@&. tmtmg g%@?mbﬁ ekRhds Mﬂhqggl

departing fromthe scope and spirit of the pre nvention. Furt t he

face co nent,, 60 e nuf act ur. ed r ough stin formn hi.ni ng,
powder curEies o tf apffety Kepll B A sethe o B 80 i g Pos e B tbng Tttty 02
conponent 60 generally includes a striking plate portion (also referred to
her ei n g¥ward frame psrimelgr of thestekingmiate portionr fh%gplﬁmlub%@%dsmgw st iatesior y
inward fi-omthe perinmeter of the striking plate portion 72. The striking
pl at e pobiigdor ré2eimg asshpfiu Tak idtyri@ftubiag eagdges an Wppdrsestmarnf thereaurp poftimnr ed
enbodi nent, the return portion 74 generally includes an upper |ateral

sect i 0MindG loWet MA6N bRHRTBNPFGHLRNTHS aft BodERAs d @bRHhFortRiL b BBoBBPodidd addt 0e
| ateral section 82. Thus, 15 the return 74 encircles the striking plate

porti on 7 Ul l 360 degrees. . ver., fhose ski.l in_the pertinent art
D' sl Pyt TR prenira i is AR 1o 40 Whi o BR koo al £ " voune
of the striking plate portion 725 such as 270 degrees or, 180 degrees, The
upper |daité¢¢§|°f§é@@$t&a5<g@ch>&0§h@§ Perimsted of thesikiag plate partiopo e eote partion
predeterm ned di stance, d, to engage the crown 62. In a preferred

enbodi rattachedtth ¢hqplovate setion of thedeBiapotiof @t a distpase of aredt 0.50nedh from1h® i nch,
nore preferably 0.40 inch to 0.70 inch, and nost preferably 0.5 inch, as

measur edrifdetanof e @Eking®lLE pdgionfl the striking plate portion 72 to the
rearward edge of the upper Fateral section 76. The perineter 73 of the

triki | j i i i nt ; .
ohere the' ok Aokt At biufe PP FVRtod IR AN e AgRELRLs s SMimdit o

to 15 composed of a metal material and an aft-body composed of a plurality of plies of pre-preg. The

golf club head has a volume ranging from 400 cubic centimeters to 525 cubic centimeters and a
mass ranging from 175 grams to 225 grams.
Yet another aspect o'f the pre:sent ix;vention is a golf club head having a face component
composed of a forged titanium alloy material and an aft body composed of a plurality of plies of
20  pre-preg. The face component has a return portion and a striking plate portion. The striking
plate portion has concentric regions of varying thickness with the thickest region about the center

of the striking plate portion. The striking plate portion extends from a heel section of the golf

{1



the striking plate portion 72 to a plane substantially perpendicular to the
- striking plate portion 72. The present invention has the face conponent 60
engage the crown 62 along a substantially horizontal plane. The crown 62
has a crown under portion 62a which is placed under the return portion 74.
Such engagenent enhances the flexibility of the striking plate portigﬁggg

d

al l ow ng_for reater. cogffic t of regtitution., The cro 2

pper 1 e Readtad15e tection SE e eal it a5 bag 11 e celiS g greeiratan ol

bel ow. The heel l|ateral section 80 is substantially perpendicular mthe

st ri ki neegrp pertionsateniiplateraly inwardiatileast 0 80lin¢hafremal pesimetéref tirostdking platde
hosel S4 before engagi ng an optional ribbon section 90 and a bottom secti on

91 of thetiem|Thepetiir puttion ettbndsQatebadlydhivatd3b0 debreed be thHegRtinletdr oF tHe s&fiéhg ON
80 is attached to the sole 64, both the ribbon 90 and the bottom section

91, as l-aikned i Lo  The: Lal '

oxt ends T arts T SRR e W oo df iAHOrIBNITE! hBV R pERC ety

t he face, conmponent 60 is the toe |ateral . sectiaon 82. The e | ateral.

secti orfUBBEBEREET i HRRFT SEF1oR ! 0t B0 PORiStFOLHOR P f5Ho0 0 B ERPBEe-om
section 91, as explained 15 in greater detail below. The toe |ateral

sect i onl'gafekadyrius aithiglareds rangingtfrom 8,014 inch torG MG ineh.pEhe abedy irgludghe | ower
| ateral section 78 extends inward, toward the aft-body ~ 1, a predeterm ned
, di st aj6®n plrtion} #ribbEAGEtIbN End 9 kSle Portidnd Eheureke boridnafiixuth R Rl the Upger
predeterm ned distance ranges fromO0.2 inch to 1.0 inch, nore preferably

0.40 i %&i&f)ofql}% %géyﬂ%rti&r.‘dﬂﬁ%%ge 4 b [ &Y 3 thd'Hver Q&ti%g ofRATHuEd from

t he perineter the stri ate portion 72 to the edge of the | ower

| ateral_secti,on 78. h_.engagenent. enhances the flexibility of t.he

St ki RS et Fiq ahibe SE0A BRPRG is SRR fa b sceyBor Meuktingportiof. A e
restitution. The sole portion 64 has a sole_ undercut 64a for placenment 17
PUl994 and@éthanhbongortion ip gtaghsd toya toeTsgetien pEthg Zetumopartien.| Bhggolf glub hgad has
section 78 are attached to each other as explained in greater detail bel ow.
The af taHodldy itiferios, qrodirae sdngingcfoom 396 dubic cantimatenetb 00 wabie rcertimetprsed eraadbl y
a conposite material or a thernoplastic material. However, in an

al ter n%ﬁ%{% £OROMIs B ihs td 31 hins DAY Kbfficie FOSRIORRM Rhgifz WBHY0.R1 80.94.

5
such as alum num nmagnesiumor tin. The aft-body 61 is

wei ght ne
r ef er abl nuf act ur e T h_bl adder - i esi i .
Peci i st Stk ARL pitk A IR W0 ol bl hul A DIl RS
rocess., In a preferr, rocess, .the fa Qrnhonent .~.~0 wit n .adhesi ve
1? ilm oﬁdY%ageﬁ?@F?ermﬁ .CQFQ%begﬁ)ytth@ersgﬁl?ﬁﬁn ReriReny art fiom 2‘3 thin a

mold with a preforrn of the aft-body 61 for bladder nolding. The return
polfi odetailed desctipppometitic amnentipn whgn itaken in henjundtionovith Peraceurpangmg digingsa .
Al so, the adhesive filmmy be placed

12



on the undercut portions 62a and 64a. A bl adder, placed within the hollow
~interior of the preformand face conponent 60, is pressurized within the
nol d, which is also subject to heating. The co-nol ding process secures the
aft-body 61 to the face conponent 60. Alternatively, the aft-body 61 is
bonded to the face conponent 60 using an adhesive, or nechanically sggysed
to 15 the ret UBRTEPDESORIFTION 0F THRWEVERAL IEGS OF THE HAWIRG]y 61 is
generally convex toward the sole 64, and engages the ribbon 90 of sole 64
outsi de pf the engagenent with the face~nmenber 60. The crown portion 62
preferably has a thickness in the range of 0.0l 0 to 0.100 inch, nore
preferably in the range of 0.025 inch to 0.070 inch, even nore preferably
in the rangell§+ 1ds a2ont wiew afshepgadligul pEhe presertigvemsion. pref erabl y has a

t hi ckness of 0.030 inch. The sole portion 64, including the bottom section
91 and the ofiG.ddais arfrdib oiewodr thdgaificiub of thegiresent miveptigeshoennl thel ar to t he
bottom section 91, preferably has a thickness in the range of 0.010 to

0. 180 ieddurdiine fd'thé S9pe&initid.n the range of 18 PU1194 0.025 inch to 0.070
inch, even nore preferably in the range of 0.028 inch to 0.040 inch, and
nost prefer I ¥ iich. In a preferred enbodi nent,
t he aft-bod;a/ﬁ:Gg22%%}5%5&%%?%tﬁg@ﬁ?@%ﬂ%ﬁ%&%ﬁﬁés of pre-preg, typically six
or seven plies, such as disclosed jn U S. Patent Nunber 6,248,025, entitled
Conposi te G Pantpesils Wev rbthegpliiphubherdiffiGgl. which is hereby
incorporated by reference in its entirety. The bottom section 91 is

general |y cdfite# is aheeldidehdarcriowmnf fiergolfociuls BeadldfeFIGolle portion 64 of the
aft-body 61 optionally has a recess 93 for attachnent of a sole plate 95

thereto. Therigokes Rtoy MaddicvofMiesAf alib YesPsPRERd. of a |ight wei ght netal
such as alumnum Alternatively, the sole plate 95 is conposed of a durable

pl ggti c mat gfjak . phi cs thereon for
deglﬁgnati onqu' {5F]seggﬁoﬁglv%w%fth%gilﬁafﬁ?%xe?@ﬁﬁﬁ&ﬁes 8-9 illustrate the

hol | ow i nterior_46 of the .club ad f the present {nvention. The hosel
54 is di spogé - it ??‘l{l?fgdﬁ’b‘?‘YB ?’Fﬁf’é‘r%il‘g’rhe& of hepresenf BYERERP-as a part of

the face conponent 60. The hosel 54 may be conposed of a simlar naterial
to the face lonpéneenosseectianal view plong bneBt8ofddbubed to the face conponent
60 through welding or the like. The hosel 54 15 may al so be fornmed with the
formati on OfFIGh® i Be@s&uriomns Riewblond\lihe Doy HIG §liilestrating thetfostlnef thogdl 54
is defined by a hosel wall 120 that forns a tapering tube fromthe aperture

59 to Tchﬁl?e@hgrdgeﬁtiiﬁﬁ'erﬁi%n In a preferred enbodi ment, the hosel wall 120

does not engage the heel lateral . , ., section 80 thereby |eaving a void
115, bet I Ll 120.and.the.heel | at | tji.on..80. Th ft
T oo Rl o8R0 s RBlac A B B RhOE B TRe R,

54. Such, a ;
axis and X axis.

FIG. 10A is a front plan view of al'golf club of the present invention illustrating the Z axis
and Y axis. ‘ \ \
FIG. 11 is a front plan view of a golf club of the present invention illustrating the test
20  frame coordinates X" and Y and transformed head frame coordinates Y and Z*.
FIG. 11A is a toe end view of the golf club of the present invention illustrating the test

frame coordinate Z* and transformed head frame coordinates X** and Z".
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20 .hosel insert 121 and hosel 54 are described in co-pending U S. Patent
. Application Nunber 09/652,491 ) filed on August 31, 2000, entitled Colf
Club Wth Hosel Liner, which pertinent parts are hereby incorporated by
reference. Further, the hosel 54 is |located rearward fromthe striking 19
PU 194 plate portion 72 in order to allow for conpliance of the striﬁjng

plate porti 012167 ?2‘{’3“5 %g@?ﬁgh"groﬁfbléb oo l%f sehf‘nﬂr HifRBUhe  NE

hosel 54 is |sposed earward fromthe strl |ng plate portlon
72. An optj.onal 122 is disposed within the hollow interior
46 of t h ﬁ%%%%%§095ﬁnﬁﬂg? 18 ed enbodi nent, the weighting nember 122
is disposed on the interior surface of the ribbon section 90 of the sole
portion 64 iFiGod34rds & fonhviewad enakernatbyegalf dub heasrafithe present srvenidon t he
center of gravity of the golf club 40. However, those skilled in the

perti nei[ltlstmtihg\t‘lixd‘l'arfaﬁﬁﬂsﬁl-thibﬁnésbaftﬂefsﬁ'il&iﬁgglﬁe._ti ng nmenber 122, and

addi tional welghting nenbers 122 ma; ~ be placed in other |ocations of the
clulk head 4 r @V
R ek
menber 122 .is preferably tungsten | oaded f|In1 tungsten doped pol yners, or
si mi | ar'¥@1Yht i ng mechani sms such as described in co-pending U S. Patent
Application Nunmber 09/474,688, filed on Decenber 29, 1999, entitled A
Conposite Golf Club Head Wth An Integral Wight Strip, and hereby
incorporated by reference in its entirety. Those skilled in the pertinent
art will recognize that 15 other high density materials may be utilized as
an optional weighting nmenber w thout departing fiomthe scope and spirit of
the present invention. FIGS. 12, 12A and 13 illustrate enbodi nents of the
present invention having a variation in the thiclrness of the striking

pl ate portion 72. The striking plate portion 72 is preferably partitioned
into elliptical regions, each having a different thickness, In a preferred
enbodi ment 20 in which the face conponent 60 is conposed of a titanium or
titaniumalloy material, a central elliptical region 102 preferably has the
greatest thickness that ranges fromO0.110 inch to 0.090 inch, preferably
fromO0.103 inch to 0.093 inch, and is nost preferably 0.095 inch. A first
20 PU1194 concentric region 104 preferably has the next greatest

thi ckness that ranges from0.097 inch to 0.082 inch, preferably from0.090
inch to 0.082 inch, and is nost preferably 0.086 inch. A second concentric
region 106 preferably has the next greatest thickness that ranges from

0. 094
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inch to 0.070 inch, preferably fromO0.078 inch to 0.070 inch, and is nost
.preferably 0.074 inch. Athird concentric region |08 preferably has the
next greatest thickness that ranges from0.090 inch to 0.07 inch. A

peri phery region 110 preferably has the next greatest thickness that ranges
fromO0.069 inch to 0.061 inch. The periphery region includes toe per%‘%q%ry
region 110a and heel pgri W) corrponent S
conposed of steel or aﬁ?ﬁg‘gﬁ%ﬁﬁ% ’iP#“a&er“‘@QﬁNﬁ@ el liptical portion
102 has a thickness of approximately 0.060 inch, and the concentri c 10
regions are thinner simlar to the thinning concentric regions for a
titanium face conponent 60. The variation in the thickness of the striking
pl at e porti oThe/presdnk iwentiqt istdivectgd avd gsif clubihekdthashdsa igh doefficiemuifed i n t he
center 111 of the striking plate portion 72 thereby enhancing the

{1 exi bilekifriof tefby ShidilleGr Pletaidhld ofa dotr WAl 6 wiIhE SAPDES e bARS

energy loss to a g a greater coefficient of Festitution.

i oned evi ous| the 60_I.S erab ed from a r od

C st BEASR. Y RP BT of PR sy it S aBreRt R IF abeeRRisRe e
corrponent is set forth |n co pending U. S. Patent Application Nunber
09, 548, by3the foljqwipg eguatiapy i | 13, 200p, entitled Method For Processing A
Striking Plate For A Golf C ub Head, and hereby incorporated by reference
inits entirety. Aternatively, theef=aceg=c_@rrponent 60 is cast fromnolten
metal in a nethod such as 20 the wel |l -knowu;l ost-wax casting nmethod. The
metal for forging or casting is preferably titaniumor a titanium all oy
such as al pha-beta titaniumor beta titaniumfor forging and 6-4 titanium

fonpcasthdibin ) 1% 1N N&ldWeldchs HHBF & in} ct'it[% 1§‘th%%%lﬁntaﬁedeldé'ityﬁhbﬁfo impact

wel | - known steels such as a hig strength steel "al | oy.

am)rph nmetal allo oiti erl t fa
conpondlieBE 2t sife Rl A 2o GB0u AE sefiFl B KT bl BombErasBBF e
metal such as iron boron, nickel-co ni ckel -zir on um

ni ckel HioasRordB e BANCPAlkEIQqgust THBEDaREiPD eathergof hell e thediee ofthe glob
recogni ze that other netals may be used for the face conponent of the

pr esenthead;i andens thercoaffichot bf chepatibn bgtween the godf saibgel the chipifadet of t he
present invention. Additional nethods for manufacturing the face conponent

60 i ncitpde afuRs BF BaretiiRitdPs@weaRes and 1 9%of §ydtanss ditleho € a@itioR! The
super-plastic formng the face conponent 60 froma fl at eet of netal,

_ h . :
ottt asPicleaf oL AERy0K LR bkl HERE RsGPL oPhRAYY Qﬁl%'@ e pbicee
42 of th d t andar.d USGA t est d |
gi ven B3 4 PRI geEIsF HAEEar ereit%%gf?é‘r G154 ot o eREmalid e ol om
0.83 to 0.883 and is nost preferably 0.87.
would be 1.0. The present invention provides a club head having a coefficient of restitution

ranging from 0.81 to 0.94, as measured uqder conventional test conditions.
As shown in FIGS. 1:5, a gotf club\is generally designated 40. The golf club 40 has a
20  golf club head 42 with a hollow interior, not shown. Engaging the club head 42 is a shaft 48 that
has a grip 50, not shown, at a butt end 52 and is inserted into a hosel 54 at a tip end 56.

The club head 42 is generally composed of two components, a face component 60, and an

aft-body 61. The aft-body 61 has a crown portion 62 and a sole portion 64. The club head 42
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Additionally, the striking plate portion 72 of the face conmponent 60 has a
“small er aspect ratio than face plates of the prior art. The aspect ratio as
used herein is defined as the width, "w', 15 of the face divided by the
hei ght, "h", of the face, as shown in FIG | A 1In one enbodinent, the width
wis 78 mllineters and the height his 48 mllinmeters giving an asnRtlos

ratio ﬁ%% Y ti h S S

usual | ;,/J a%ljfcl: grpealéérﬁétﬁ ﬁlgtﬁ af_% gﬁ%gtrg&{eégrﬁr%#%t ﬁfeﬁsgxﬁgﬂ?gﬁo% s@é&&dﬁaﬂp&m HA
driver hald an aspect-<rati o of E; 9. The, striking pl at§ portion 72 of the

pr esenfeslGEHT & e seption JP opresits the faceicompenei 89t er than 1.7. The
aspect ratio of the 20 present invention preferably ranges from1.0 to 1.7.
One enbodi miit ficesompoasp@dtis gaterallyafoniposed dhwsingle ipkdcn of pletal eand ds priefesably of
the present invention is nore circular than faces of the prior art. The
face agsmp&dedidra féx?@& kAP nlt@. RRUrE Fféﬂ'erzglg?ﬁletf&%e@hﬁ‘?ﬁ%atérm% fopgkd’ anges
from4.00 square 2 PUL1194 inches to 7.50 square inches, nore preferably

from4.95. . hin 0 re ] o f o rom
A R T S R R i R e e S

i nvention al so has reater ,volu than a club head of, 5 10 15 20 the
prior 5 BRPMeosad %‘togwi%e%lwc 36 SteREt ANSTPERRTTISALS WegUHE Rl aPEARIoSo
that of the prior art. The volume of the club head 42 of the present

i nvent cempestesesarbem ead00 fibetsi and other ifieeusimatenalé 0dthoutdeparting tirome therssppeand
nore preferably ranges from 350 cubic centinmeters to 510 cubic centineters.

The wehghdpigf oftthe pfasett i@atod 2F@thdr e PAR@RIpoh AU B0 A be AR ERcthfed ThrbGfh
grans to 2? 5 grairs, preferably ranges from1.75 grams to 205 grans, .;.nd

nmost pL.af: Er I he. g . head 42
from t%%tlgg’?égblxlr?é’ %‘%’?’é‘ gbﬁ‘?%?\e&?%e%g??ﬁ%%‘?&g g@fd' ﬁ%ﬁgf&?%gﬁ g?%é\;\llng(eport i on
62 preferably ranges from 3 0.inches to.4.5 inches. The height, "H', of the
or b ek fafs YomBORkEE shiespral ineliifs & priking s BSniaralso syERed Bieyeih 2hgos
from2.0 inches to 3.5 inches, and is nost preferably 2.24 inches. The

wi dt h, facgplate)f72iand agetum persign 42 extendingHaterably inwendifrom 68 nesimetas oidha  sect i on
66 preferably ranges from4.0 inches to 5.0 inches, and nore preferably 4.6
i nchesstrikingglatd Goioa 120 Ahelstrildhg plae: pdrdoR A2 haod plunaity bfisdobslimeg s tHeeeoment er
of gravity of the golf club head. The axes of inertia are designated X, Y

and Z. The i e gy [ Y/ h the
center of g?xa%‘?r;e%r@ﬁca angé?g’%%g&?élaéd&g?ﬁ? %gélg%iﬁ%}p@%lg%a ﬁzg@?#ﬁe Y axi s

ext ends f.xompthe toe, section f th ol f.cl ead t hr oughot he, cent er
of | or aretios Tocd et e B adioet A Gabush! {hnte Ml Rtidied o oo 5
axi s extends fromthe crown portion 62 throug}h t he center of %ravit, .. .CG
and t othg FEugL( kenscics dhe waking plate portion 72 a full 360 degrees. However, those skilled in

the pertinent art will recognize that the return portion 74 may only encompass a small amount of

the striking plate portion 72, such as 270 degrees or 180 degrees.
THhe upper lateral sect‘ion 76 ;xtends inward, towards the aft-body 61, a predetermined
distance, d, to engage the crown 62. In a preferred embodiment, the predetermined distance
20  ranges from 0.2 inch to 1.0 inch, more preferably 0.40 inch to 0.70 inch, and most preferably 0.5
inch, as measured from the perimeter 73 of the striking plate portion 72 to the rearward edge of

the upper lateral section 76. The perimeter 73 of the striking plate portion 74 is defined as the

16



As defined in Golf Club Design) Fitting, Alteration & Repair, 4 " Edition,
‘by Ral ph Maltby, the center of gravity, or center of mass, of the golf club
head is a point inside of the club 23 PU1194 head determ ned by the
vertical intersection of two or nore points where the club head bal ances
when suspended. A nore thorough explanation of this definition of the
center of, gr@éht% i s lProti‘i\(?c%ed in Golf O ub Desi g_n) Fitting, Alterati 8Bl
Repai r . PRRECIIBHeon yrllegs thefaqe copiponsnt 6Rdrappitions Tpca plage yibstantiglly pasalleh tead
42 are preferably 5 neasured using a test frame (XT, YT, ZT), "and then

t r ansf othgstriking plateqmtidn Zhto 3 plene sbistadtiglly pespesidiombarito thel sBiking platapbriidn A2.
The center of gravity of a golf club head may be obtai ned using a center of

gravi t yThepreserld éiviefigort N tﬂ@f@@'&orﬁ?@ﬁdﬁ%@ b@ga?e e @Swﬂi&(dl&ﬁgeﬂsdbﬁtaﬁﬁalgﬁndi ng
U. S. Patent Application Nunber 09/796,951, filed on February 27, 200l,

entitl ' | i :

" ncor po i o, HRHE the dro 82 b SRR STbh SEA WRIH IR BIagRl Bty sherprugy ¢
remgved and %gp%aced with a hosel cube ,ttlat rt]as a.nultitude of faces, nornal
to the BRTHED 4f Pheh aspeerpontsniauges thestloxibility of the sipking plate,porgign 72 aflowinge ad,
the scales allow one to determi ne the weight distribution of the golf club
head whionaigmeategobéfliclenbofrestituiion. pTlecarown b2 mod theuprer fatgihsdctiom &6 asl ajtacired
wei ghed along a particular direction, the X, Y or Z direction. The wei ght

scal es tareactpothet dscturther expRiidtelove Thiclvdel Jaterhl 26iiow 80 Besubstatiilydi st ri buti on
al ong each direction to 15 be calculated to determ ne the |ocation of the
center e Tt \APAY, inVORT i ' ' ) H W
Bt vei g bt MRl Bg st PE AT ndheol Miral Rl 10 thiththe Rtk 34
foll ow ng?e uations: E

MA =.Q = (VBH - Q,1- r W25 r = (Wa_-~Wao) | 24
const r ACHQLS CRE4ENg Aignt Qgh’ﬁi&é’“ g%“%lggqg—l\“a/%bqtf% S‘?CJL‘@QC?-IIQf&I&e W?p%‘m}‘ chof'
10 the aft-body 61. The heel lateral section 80 is attached to the sole 64, both the ribbon 90 and the

bottom section 91, as explained in greater detail below. The heel lateral section 80 extends
inward a distance, d’°, from the perimeter 73.

At the other end of the face component 60 is the toe lateral section 82. The toe lateral

section 82 is attached to the sole 64, both the ribbon 90 and the bottom section 91, as explained
15  in greater detail below. The toe lateral section 82 extends inward a distance, d**’, from the
perimeter 73.

The lower lateral segtion 78 extends inward, toward the aft-body 61, a predetermined
distance, d’, to engage the so‘le 64. Ir; a preferred embodiment, the predetermined distance ranges
from 0.2 inch to 1.0 inch, more preferably 0.40 inch to 0.70 inch, and most preferably 0.5 inch, as

20  measured from the perimeter 73 of the striking plate portion 72 to the edge of the lower lateral
section 78. Such engagement enhances the flexibility of the striking plate portion 72 allowing

for a greater coefficient of restitution. The sole portion 64 has a sole undercut 64a for placement

17



PUL194 10 The Y axis location is determ ned using the foll ow ng equations:

‘EMA =0 = (WBH - Wo) I - rWr = (WH - WRo) | W15 20 Constraint: | +dl
=r+Y¥Tcq 2 YTog = (~H0) | + 1 +di W- 2r , v ,. The Z axis location is
determ ned using the follow ng equations: EMA =0 = (WBH- Wo) | - r W25

r = (Vu~WRO) | 30 Constraint: 1+di =r+ZT~g 2 ZTcg-~~ 1 21-di . 5 Once
the test frapme coordi nat_&s1 al_\[e ijeterm' ned, they are transformed to h&¥d!94
frame cdBAE He e pOrtion {4 eTheolekd anyl the loyrer deteral segtisn I8 gre-attasheddo xagh cos
(~iie~ + Ycg Slri(~ii.e~" dz/tan (yie~ ZHcg = Xcg Slri (~iie~"+ Ycg

COS( aCi iodi@r aslzxpl&ined in gteatgr detdll Helow~g 0 20 YH~g - Cos(oCie~ Slri(oC~ie~ ~
YTcg + Z 1/tari (oCye~ ZHcg SIn(oC~ie~ COS(cCiie~ ~ ZTcg 1 PUL 194 25 The

moment of i nefHelalt-BodyBRAS Pregstabl§ icsﬁlpasredldirarnbhanémr}ﬁmﬁalw;{m% cb&@feﬁc}{% c

machi ne. The nmachi ne has a rectangular plate with adapter holes spa

o al Toq ke SRRHmSh IS miliRal CEbRORE bt TR hEH: B RoAreT "
. SmoRPHBoBediAL 4861 JiEor GHitensHRl S o HBEHTIF LB RS tion EoBay 61 16
inertia of the golf club head 30 about the axis of rotation of the machine,
whi ch i preféfablytmimsifactied gireughdy aditer-adolding srdsimtransfar mkding s¢sin infigsiémr ce
generated by a torsional spring. 26
injection molding, compression molding, or a similar process. In a preferred process, the face
component 50 with an adhesive film on the interior surface of the return portion 74, is placed
within a mold with a preform of the aft-body 61 for bladder molding. The return portion 74 is
10 placed and fitted into the undercut portions 62a and 64a. Also, the adhesive film may be placed
on the undercut portions 62a and 64a. A bladder, placed within the hollow interior of the
preform and face component 60, is pressurized within the mold, which is also subject to heating.
The co-molding process secures the aft-body 61 to the face component 60. Alternatively, the
aft-body 61 is bonded to the face component 60 using an adhesive, or mechanically secured to
15  the retumn portion 74.

The crown portion 62 of the aft- body 61 is generally convex toward the sole 64, and
engages the ribbon 90 of sole 64 outside of the engagement with the face member 60. The crown
portion 62 preferably has a tilicknes;' in the range of 0.010 to 0.100 inch, more preferably in the
range of 0.025 inch to 0.070 inch, even more preferably in the range of 0.028 inch to 0.040 inch,

20  and most preferably has a thickness of 0.030 inch. The sole portion 64, including the bottom
section 91 and the optional ribbon 90 which is substantially perpendicular to the bottom section

91, preferably has a thickness in the range of 0.010 to 0.100 inch, more preferably in the range of
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PU1194 By changing the orientation of how the golf club head is nounted on
‘the plate, the desired nonent of inertia m-,y be neasured for an axis. N ne
different orientations are required to generate an inertia tensor, and
si'nce the noment of inertia measured includes the plate and the adapter,

ni ne addi ti onal neasurenents are required to neasure the baseline morRnt, of

I nertia . I T 44 nt_ef | nertd f. t:h . ub.hea
ot he ARG S 1 el PR ol refiP Dl B ol <6 FoR b P Polinth Wi et
adapt er pg%dagbg}e and_the internal rotating mass of the machi ne, and that
of the jPEEEraplychasgdbicknessat0-BPQineha fya preferrocd anbedimens; theiafighadyds campaspd of
machi ne. For the nine neasurenents done with the golf club head, the

or i ent atipdursligres plibeofpeprég, oypidafizdix ar deearpli¢sheuchas idischeedim I SePatent
rectangul ar pl ate depends on the center of gravity of the 10 particul ar

gol f cl MunhRad,248102.5NéiiRlcIER/POSIHECHE H¥ak PO MR d O Maml uihga d1idtEist he

sane for orientation and the l'ocation of the adapter. The machine has a

center i n nt of .inertia mto.calcul ate the adapter
ol o oot MeotronEd TP Rhoh i Milised BEOHERTL hhubRof 1 B SoRiBELT 1
the axis of rotation, thereby mnimzing error. The program uses the

par al | efo3Adhe ¢awn aertien %cﬁwmer%ﬂm?rhg‘* 8k the afirbody; &t qnsignalst has grieesshPhg
the center of gravity of the golf 15 club head. This will yield an inertia
t ensor &padtachrhentofatsele phdte §5 therdty, Thiaisacla plate Pfiispraferabiyp carhposad nbatigiuf
inertia about any axis to be calculated for the golf club head. 20 27

Tabl e Oneighe attyl sueredéddetipach. MB&bhisedlE €he sole plate 95 is composed of a durable plastic
MassCORMVat eri al ProcessEx. |1 430cc270197730. 85Ti 6-4cast S Occ285200850. 896Ti

_}_\?\;)2' 3Pt TR: Ste pl%te%§ m% ﬁax%Béaglgés fhdreBn %&4&§f§ﬁ&or§6ﬁﬁé bk ofBubaRb e

Heag{]: lelfle x| xzEx. |1 2800254542831977128Ex. 2323226314263230- 116246Ex. 331 8126
63424366-142246 5 PU1194

FIGS. 8-9 illustrate the hollow interior 46 of the club head 42 of the present invention.

The hosel 54 is disposed within the hollow interior 46, and is located as a part of the face
component 60. The hosel 54 may be composed of a similar material to the face component 60,
and is preferably secured to the face component 60 through welding or the like. The hosel 54

15  may also be formed with the formation of the face component 60. A hollow interior 118 of the
hosel 54 is defined by a hosel wall 120 that forms a tapering tube from the aperture 59 to the sole
potion 64. In a preferred embodiment, t}}e hosel wall 120 does not engage the heel lateral
section 80 thereby leaving a void 1f5 betv;'een the hosel wall 120 and the heel lateral section 80.
The shaft 48 is disposed within a hosel insert 121 that is disposed within the hosel 54. Such a

20  hosel insert 121 and hosel 54 are described in co~pending U.S. Patent Application Number
09/652,491, filed on August 31, 2000, entitled Golf Club With Hosel Liner, which pertinent parts
are hereby incorporated by reference. Further, the hosel 54 is located rearward from the striking
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Table One lists the volune of the golf club heads 42, the overall weight,
‘the weight of the head wi thout weight nenbers, the nass of the weight
menber 122, the coefficient of restitution ("C'f] _R"lI :,r ~c¢;. ;1F from
O to 1 using the ~JSCA standard test, the material of the face 10
conponent, and the process for manufacturing the face conponent 60. prqa} |l e
lis a4 cubi c centipeter_golf club head, 42 ighing 270 grans. Th e
conpone 3%6"&@“83&9% t%gllcgvgogscpnlp lﬁ%ﬁ?iq% esﬁ%@%‘pl PBWOQ%.Z ‘{?ﬁtgg&PPa%ody
61~ is conposed of a plurality of plies of pre-preg. The golf club head 42
has a | o¥ith 21g¢/f balbf Incdns\emmbadimgens cthe hnsel 44 i dispdsed 4.126 grehosarwind frbol the
radius is 11 inches and the roll radius is 10 inches. The vertical distance

"h" of thiking platdatlof2.example 1 15 is 2.09 inches, and the distance "w'
is 3.46 inches. Example 2 is a 510 cubic centineter golf club head 42

R T T T R R e T
oL Bb'cRefl? B hefed SR B SR T ot

wei ghi ng 285 granms. The face conponent 60 is conposed of a forged high

st r engt Burdacsait the tibhon sgetiom® ofthe edle portioarG4ain. ordérdo dfcredso the ament of dmpis ed
of a plurality of plies of pre-preg. The golf club head 42 has a loft angle
of ni neas@gsmes tiecbnter lof eravity of thdamifagsh 40 heldwdves ticdiskidletl $n the peftilegsarand
the roll radius is 10 inches. The vertical distance "h" of the club head of
exanpl eygj | 48 thp e ei o B i sha idNiod i b AtRsrs 723048, hd WO
lists thvglllrrr%r?é?lt go a@i nertra f o%lglglggﬂngzé?@aa%ﬁ%wgfﬁlégggs 42 of 1%%&"%}1&
The monment _of inpertia.is gjven.i,n grans-centineter sguared ("g-cnR"). For
exanp ePiaeeq ot toedtions ofeiTup e 23R pieR o ilupios s Tt ey rmbipent
direction, 0,696 inch in the Y direction, and 1.043 inches in the Z

di r bt | ehinertis opsthapinkersnt prgperdieneithe golf ghdnAG: yThesweightingmembennl2858 j nch in
the X direction, 0.645 inch in the Y direction, and 1.307 inches in the Z
di r ect i preferhtly gupateal lpadeddilmm rgttentiopeteydlyraers) azsimilboweighting Mechanizniseuch he
golf club head 42 of the present invention will range from 2800g-cn2 to

5000g9- ca@deseﬁsédeih@lagpenaﬁ@rw.%owgm%?pIfc@cié{ﬁNﬁémggo@/m,ss@}rmedwDe&rn%ee pably
from 3500g-cnz to 4000g-cnR. The nonent of inertia, lyy, about the Y axis

for the [ i I ] .an
15009 okt £t WEEbotts Sl CRp IR 3 ARIBREE okl SHECAN HSRT, 1 o
preferaply fro 90Q0g-en? to 2050g-cne. The golf club head 42 of th
present ‘HF%’{PQF?(“F {ﬁfngF‘iee@ ifseatreky. c kipss skillgd iy thepqginentart w ‘ﬁé"(cioﬁm% ﬁ’éﬁ d the
area to achieve a greater COR for a given golf ball under test conditions
sucl? asotherchipisdensiygnatenals maydesitidiped as aneeptipnakweightingymember withows depgspagidi x
Il of the Rules of Golf for '

from the scope and spirit of the present invention.

FIGS. 12, 12A and 13 illustrate embodiments of the present invention having a variation
in the thickness of the strikix;g plate\portion 72. The striking plate portion 72 is preferably
partitioned into elliptical regions, each having a different thickness. In a preferred embodiment

20  in which the face component 60 is composed of a titanium or titanium alloy material, a central
elliptical region 102 preferably has the greatest thickness that ranges from 0.110 inch to 0.090
inch, preferably from 0.103 inch to 0.093 inch, and is most preferably 0.095 inch. A first
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1998-1999. Thus, unlike a spring, the present invention increases

- conpliance of the striking 29 PUL194 pl ate portion 72 to reduce energy

| osses to the golf ball at inpact, while not adding energy to the system
Fromthe foregoing it is believed that those skilled in the pertinent art

wi |l recognize the meritorious advancenent of this invention and wl |

readi |l y under,stanpd that ile the present inyentiop has been descri b88!94n
associ ZOPETRET fegion \arelerably hasilbrment sreatasthicanessdhe) rangss froend8e7 imehie
illustrated in the acconpanyi ng draw ngs, nunerous changes, nobdifications
and sub®982 mth,pnsfeablyefem ¥a09%riheh toed/082cinoly dadtishmost preferabby0.086 aear Ai ng from
the spirit and scope of this invention which is intendrd to be unlimted by

t he for@Efidi@neettiPicgith MBYréRABHY hdsThd Akt ieRlatRihkneRARANIRELS 68,094
Therefore, the enbodinents of the invention in which an exclusive 10

pr opert.y ;0 J Vil i | @l I, fd | j
01 o o Hlpo PEOpESertofy B 7R tE o SRE e e s St BURATRINRA
conposed qf a netal material, the face conponent having a strikjng plate
por Pi orf™ HHEf! concenthie Feginsy 148apreterably %Srth‘knwg %?%?Sét*ﬁaﬂeﬁ%ﬁha‘}f&\ﬁqﬁ@o&l PAPEKness
in the range of 0.010 inch to 0.250 inch; and an aft-body conposed of a
conposiiteh touk &t ineh., Atpeeiphéry régicly 1 hapiefigatily haothe nest greatnst thickudse thabrangen and
a ribbon portion, the aft-body attached to the return portion of the face

conpongiim 069 thclab 0,061 YRcH Rt (FePipRElyTEgI6h it IIRS CocciiiphBE TegieR TPOSAH 1Rkl @

forged netal material and conprising a return portion and a striking plate
portion,.. 21K . i ! LQr f

ot er i orribiy Heior | 18 Bt foBBhp At B 1 brbaLt bl Tor B R e
of the golf ¢lub head to a toe section of the golf cluh head, a return

ext endicgraral sllsfiss mw%@ﬁqsradmc e ARRarTRtely I‘?é)ﬁg)ﬂ?ak iaF@ ﬂb‘l CQREENHAS t i on,
and an interior tubing for receiving a shaft, the interior tubing engaging
an 1Qppeegionscare trinnek sinhidar te therthinpingtdooeerdmel regions\ier a Hapiun faco compenent 6% n
portion; and an aft body conposed of a conposite material, the aft body
conpr i ih8gadationOwithddBidkineds, ofahd dtHR@E pheé boidnanchiid ws gbethp @fdatednthidkh€ssasd Own
portion attached to the upper section of the return portion at a distance

of at beafsm&népmitﬂ@&&érq}rpelt&%h@&ﬁmﬁg Elte 9I>mtoﬁe/z%héﬂe§§r BchaRRE it the

sole portion secured to t  ower secCtion of the return portron at a

por 1 1 ot 13 sbis B3R peri 7 BRibr Coaptng o 5ot pisre (onle Se bRt ErBEo ¢

club head _has a coefficient of restitution of 0.81 to 0.94. 4. A golf club
head cé‘?ﬁfﬁF@ﬂtﬂ&fe%lW%’e conponent conposed of a forged nmetal material and
conprising a return portion and a striking plate portion, the striking

pl &f e porti &s nxanioned prenioasiyy the ficegionpenedit 60ais praferablyi fokged Sonwa tdd dflmsetal

t hi ckest regi on about the center of the striking plate portion, the

stri ki Afatdpaft ©ndpreldrRia @i@iﬂ%’ﬁo@gssffﬁpﬁh&lfﬂ&ﬁﬁngﬁfetﬂa@é‘cdiﬁpdrféﬁt gkt fofth Ubcdread
to a toe section of the golt club head, the return portion extending

ot sV o bl o AT, ARAOEA 19 e caisL oA o
rpg(r: ie rs géPrgggS%igtgtﬁf gtrrilqw?hfegﬁ? (;rce;} %{%Et{)éﬁg ’P@%ag@%rgyei%grrpo;a?e%i bi}gre}e(r)ernce in
its entirety. Alternatively, the face component 60 is cast from molten metal in a method such as
20  the well-known lost-wax casting method. The metal for forging or casting is preferably titanium
or a titanium alloy such as alpha-beta titanium or beta titanium for forging and 6-4 titanium for

casting. Alternatively, the metal is stainless steel or other well-known steels such as a high
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upper section of the return portion and a | ower section of the return
-portion; and 31 an aft body conposed of a conposite material and having a
t hi ckness ranging from0.010 inch to 0.100 inch, the aft body conprising a
crown portion, a ribbon portion and a sole portion, the crown portion
attached to the upper section of the return portion, the sole portioaglﬁ
attache, t r | rab ok ce

71 bbon e BisaeL | AR EAbIrAB Einel 8143 KO mBtal Rlerilior e 0 |
end of the ribbon portion attached to a toe section_ of, the return_portion;
wher ei rEOTRONGR; §U- oY ghumesd FEA0S SOMBPRGSHOD i SFRASOR A BG4S Wkl Bifh 38 fron-
restitution ranging fromO0.84 to 0.94. 5. The golf club head according to
any onebagén,trhekeprenpedi mekebiacamsymykickadiphospherausy drid the like.afhospekitledin thas a

t hi ckness in the range of 0.055 inch to 0.125 inch. 6. The golf club head
accor digegtinent it dHNrécoghigt @iab othbemetald Mhy'Be dedtfor (e fideonipRtierd of heCrBRNE 1 N
the range of 0.060 to 0.110 inch. 7. The golf club head according to any

one cof . .ad] i erej . ] .S conposed of a

mat &1 PV uREARhP el o KIEICBR0of fiic G BRERANRRGLE, TITPONET Pyt
steel and st ..alloys. 8. The golf club head according t ny.on f the
precedi ng cl‘gﬁg onglrethads f?%m‘&é@%%ﬁﬁ%ﬁ?tcof‘g’oﬁmég@u& %‘Eﬁ égace

titaniumalloy material. 9. The golf club head according to any one of the
pr ecedicsnponentd, frath erfbit shechef metal, lsipay-phdstit donpung therfateacompongsiiromatflas no
greater than 1.7. 10. The golf club head according to claim9, wherein the
st ri Ki ngeglofintetyiomhtioning alse ABe dPRitent 60 fromrasolidNtodk dihélalbaddlile 7. 11. The
gol f club head according to any one of the preceding clains, wherein the

stri ki ngaflrad&ilohbingls has concentric regions of varying thickness with the
thi ckest regionn agout the center. 12. The golf club head according to

any.one of the preceding cl.ai.ns, erein t rikin | ate poriion

codfr i ces o TP PEIURiPR Y i Shioal 1 of e stpriit ByBbfor Fider fpdard
concentric region having a first thickness wherein the base thickness is
gr eat elUSGAriest penditions with ik gkven bsll rangee Gonmdepperrd@ately ¢ 81 &y 94, praferabdy a
second t hi ckness wherein the first thickness is greater than the second

t hi ckneasges &od0.83 td10.363 and izandst peeferaglyd@B8havi ng a third thi ckness wherein
the second thickness is greater than the third thickness, and a periphery

regi on havi ngdidmauy | e MG IR8E PBREIEI Mot thE fice bt ohdlt GHNRSS Infallef Bpetthan
the third thickness. 13. The golfp cl ub head according to any one of the

0. 020 Fa el FEE PR philct T RpPATHIEIS (88 e EREREd BRTAR, MO
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width w is 78 millimeters and the height h is 48 millimeters giving an aspect ratio of 1.625. In

on a sectl1 o ere

conventional golf club heads, the aspect ratio is usually much greater than 1. For example, the
original GREAT BIG BERTiIA@ d;iver h;d an aspect ratio of 1.9. The striking plate portion 72
of the present invention has an aspect ratio that is no greater than 1.7. The aspect ratio of the

20  present invention preferably ranges from 1.0 to 1.7. One embodiment has an aspect ratio of 1.3.
The striking pllate portion 72 of the present invention is more circular than faces of the prior art.
The face area of the striking plate portion 72 of the present invention ranges from 4.00 square
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15. " The golf club head according to claim 14, wherein the golf club head
*has a volune ranging from 400 cubic centineters to 525 cubic centineters
and a mass ranging from 175 granms to 225 granms. 16. The golf club head
according to any one of the preceding clains, wherein the nonent of inertia

about the Izz aX|s |s great er than 3000 grams-centineter squared. 1% h%‘be
golf ¢ t | e
Toment ey B ik 5Pt o He BB bpl (o F AR B 0 Pl B o
greater than 19 ra.ms centinmeter squared. ,18. The golf club head

accor dregt prstes Ygﬁ@‘b? qHarg inghesdp A 6sABMRdnchgfer ei n the aft - body is
conposed of a plurality of plies of pre-preg. 33
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omposite Golf Club, and hereby lncorporated by reference in its entirety. If a shaft is present, it

10  is removed and replaced with a hosel cube that has a multitude of faces normal to the axes of the
golf club head. Given the weight of the golf club head, the scales allow one to determine the
weight distribution of the golf club head when the golf club head is placed on both scales
simultaneously and weighed along a particular direction, the X, Y or Z directiqn. The weight
scales are parallel to the earth’s gravity allowing the weight distribution along each direction to

15  be calculated to determine the location of the center of gravity where:

Wao, Wpo: Weight without head (fixture)

and
Wan, Wau: Weight with head

]

20
The X axis location is determined using the following equations:
IMp =0=(Wpy—Wpo) /-t W
r=(Wey=Wgo) /
25 \'
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10 The Y axis location is determined using the following equations:

IMA=0=(Wpy—Wgo)! —-1W

r = (Wpu—Wgo)/
w
15
Constraint:

l+dl=r+YTcg
2

20

Y= (Weu—=Wso)! +/ +d,
w - 2

~

The Z axis location is determined using the following equations:

SMa=0 =(Wpu—-Wgo)/-tW

r= (ng-‘{ - Wgo) !
30 Constraint:

[+d =r+Z7,
2\

25
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20 { Y > = cos(ocye)  sin(ocie) 0 YT ¥+ z<  l/tan(ocye)
25 The moment of inertia is measured using an Inertia Dynamic Moment of Inertia machine.

The machine has a rectangular plate with adapter holes spaced 0.5 inch apart from each other.
The rectangular plate is m01'1nted onthe machine to allow oscillation thereof, A golf club head
20 is placed on the rectangular plate and the time for one oscillation period is measured by the
machine. The oscillation time is directly related to the moment of inertia of the golf club head
30  about the axis of rotation of the machine, which in effect is a single degree of freedom with the

restoring force generated by a torsional spring.
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gg9hhi Diad&tes, nine additional measurements are required to measure the baseline moment of inertia of
10° 0) 10% & () -' $10% & ()-1% 10% & () - @$10% & ()-!10% & ()-, #10% & ()-DiiiZ
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#10% 0&\{ Jasurement taken with the golf club head, adapter and plate and the internal rotating mass of
the machine, and that of the just the adapter and plate and the internal rotating mass of the
machine. For the nine measurements done with the golf club head, the orientations are the same
from head to head, the position on the rectangular plate depends on the center of gravity of the
10  particular golf club head. The nine measurements without the golf club head are the same for
orientation and the location of the adapter. The machine has a center of gravity and moment of
inertia program to calculate the adapter holes on the rectangular plate that place the center of
gravity closest to the axis of rotation, thereby minimizing error. The program uses the parallel
axis theorem to account for the axis of rotation not containing the center of gravity of the golf

15 club head. This will yield an inertia tensor about the center ot gravity, which in turn allows the

moment of inertia about any axis to be calculated for the golf club head.
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Table Two
Head X Iyy Izz Ixy Ixz 1yz
Ex.1 2800 2545 4283 197 7 128
Ex.2 3232 2631 4263 230 -116 246
Ex.3 3181 2663 4243 68 -142 246

Table One lists the volume of the golf club heads 42, the overall weight, the weight of the
head without weight members, the mass of the weight member 122, the coefficient of restitution
(“COR™ an a spale from 0 to 1 using the UUSGA standard test, the material of the face

10 component, and the process for manufacturing the face component 60. Example 1 is a 430 cubic
centimeter golf club head 42 weighing 270 grams. The face component 60 is composed of a cast
titanium, TI 6-4 material. Tl‘le aft quy 61 is composed of a plurality of p-‘lies of pre-preg. The
golf club head 42 has a loft angle of eleven degrees and a lie of 54 degrees. The bulge radius is
11 inches and the roll radius is 10 inches. The vertical distance “h” of the club head of example 1

15  is 2.09 inches, and the distance “w” is 3.46 inches. Example 2 is a 510 cubic centimeter golf

club head 42 weighing 285 grams. The face component 60 is composed of a forged titanium, Ti
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$10% & i )11 finches and the roll radius is 10 inches. The vertical distance “h” of the club head of

example 3 is 2.43 inches, and the distance “w” is 3.56 inches.
Table Two lists the moment of inertia for exemplary golf club heads 42 of Table One.

27, For example 1, the

The moment of inertia is given in grams-centimeter squared (“g-cm
10 center of gravity is located at 0.901 inch in the X directicn, 0.696 inch in the Y direction, and
1.043 inches in the Z direction. For example 3, the center of gravity is located at 0.654 inch in the
X direction, 0.645 inch in the Y direction, and 1.307 inches in the Z direction.
n general, the moment of inertia, Izz, about the Z axis for the golf club head 42 of the
present invention will range from 2800g—cm2 to 5000g-cm?, preferably from 3000g-cm2 to
15 4500g-cm2, and most preferably from 3500g-cm2 to 4000g-cm2. The moment of inertia, lyy,
about the Y axis for the golf club head 42 of the present invention will range from 1500g-cm? to
2750g-cm?, preferably from|1800g-cm2 to ‘2100g-cm2, and most preferably-from 1900g-cm® to
2050g-cm’. T
The golf club head 42 of the present invention utilizes the thickness ratio, the aspect ratio
20  and the area to achieve a greater COR for a given golf ball under test conditions such as the
USGA test conditions specified pursuant to Rule 4-1e, Appendix II of the Rules of Golf for

1998-1999. Thus, unlike a spring, the present invention increases compliance of the striking
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embodiments illustrated in the accompanying drawings, numerous changes, modifications and

substitutions of equivalents may be made therein without departing from the spirit and scope of
this invention which is intended to be unlimited by the foregoing except as may appear in the
following appended claims. Therefore, the embodiments of the invention in which an exclusive

10  property or privilege is claimed are defined in the following appended claims.
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"10% & ()- ! @g@%‘m]&n@r)t.oormjgs;ﬂ@f a metal material, the face component having a striking

plate portion and a return portion, the striking plate portion having a thickness in the range of

0.010 inch to 0.250 inch; and

an aft-body composed of a composite material, the aft body having a crown portion, a sole

portion and a ribbon portion, the aft-body attached to the return portion of the face component.

2. A golf club head comprising:

a face component composed of a forged metal material and comprising a return portion
and a striking plate portion, the striking plate portion having an exterior surface and an interior
surface, the striking plate portion extending from a heel section of the golf club head to a toe
section of the golf club head, a return extending laterally inward from a perimeter of the striking
plate portion, and an interior tubing for receiving a shaft, the interior tubing engaging an upper
section of the return portion and a lower section of the return portion; and

an aft body composed of a composite material, the aft body comprising a crown portion, a
ribbon portion and a sole portion, the crown portion attached to the upper section of the return
portion at a distance of at least 0.50 inch from the perimeter of the striking plate portion, the sole
portion secured to the lower section of the return portion at a distance of at least 0.50 inch from the

perimeter of the striking plate portion.

3. The golf club head according to claim 1 or 2, wherein the golf club head has a coefficient
of restitution of 0.81 to 0.94.

4. A golf club head comprising:

a face component composed of a forged metal material and comprising a return portion
and a striking plate portion, the striking plate portion having concentric regions of varying
thickness with the thickest region about the center of the striking plate portion, the striking plate
portion extending from a heel section of the golf club head to a toe section of the golf club head,
the return portion extending laterally inward at least 0.50 inch from a perimeter of the striking
plate portion, the return portion extending laterally inward 360 degrees of the perimeter of the
striking plate portion, and an interior tubing for receiving a shaft , the interior tubing engaging an

upper section of the return portion and a lower section of the return portion; and
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third concentric region having a third thickness wherein the second thickness is greater than the

third thickness, and a periphery region having a fourth thickness wherein the fourth thickness is
less than the third thickness.

13.  The golf club head according to any one of the preceding claims, wherein the return

portion has a thickness ranging from 0.020 inch to 0.150 inch.

14. The golf club head according to any one of the preceding claims, wherein the golf club

head has a volume ranging from 300 cubic centimeters to 600 cubic centimeters.

15. The golf club head according to claim 14, wherein the golf club head has a volume ranging
from 400 cubic centimeters to 525 cubic centimeters and a mass ranging from 175 grams to 225

grams.

16. The golf club head according to any one of the preceding claims, wherein the moment of

inertia about the Izz axis is greater than 3000 grams-centimeter squared.

17. The golf club head according to any one of the preceding claims, wherein the moment of
inertia about the Iyy axis through the center of gravity is greater than 1900 grams-centimeter

squared.

18. The golf club head according to any one of the preceding claims, wherein the aft-body is

composed of a plurality of plies of pre-preg.
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