WD 01132272 PCT/ US00/ 30103 Title A GOLF CLUB HEAD W TH A FACE COWPOSED OF
A FORGED MATERI AL 5 Technical Field The present invention. relates tb a *
gol f cl upplggsdsmi th a face conposed of a forged materip msﬁﬂ?fug)s
specifically, the present invention relates to a golf club hea 10 with
face conposed of a thin forged material for a nore efficient transfer
energy to a golf ball at inpact. Background Art Wien a golf club head
strikes a golf ball, large inpacts @4 produced that load the club head
face and the golf ball. Mst of the energy is transferred fromthe head to

15 the gol I r bSek t he

col i si on.“(?@ﬁg%]r‘?ﬁ\ggﬁlﬁr% FQ%%F@%%%@B%@?J ‘g? 0&4@%&‘4% materi al s
(suchsas i onomers) surrounding a rubber-like core. These softer pol yner
mat er iral s havi ng danpi ng (Il oss) ,Iproper%j es that are strain and strain rate
dependent which are on the order*S @OFED times | ar ger than the danping
properties of a netallic club face. Thus, during inpact nost of the energy
20 is | ost as Thepesentinventionelaies torp golfclubshead with a dace sempesednBaof the gol f
ball (0.001 to 0.20 inches), as opposed to the snall deformations of the
met al | i ¢ forgedmiateriel. (Njore 2Becifisally, tEQpresentdinessiion ralates teea gélf ¢lob berd ener gy
-transfer fromthe club head to the golf ball could lead to greater flight
di st dific e switf facchepngobdd dfalthin forpel rgateral fdrlaymare effipleptirasfer aredy tbas been to
increase the stiffness of the club 25 head face to reduce nmetal or club:
head def Qolfitfall @isnpatiowever, this | eads to greater

Background Art
When a golf club head strikes a golf ball, large impa-cts #re produced that load
the club head face and the golf ball. Most of the energy is transferred from the head to
15 the golf ball, however, some energy is lost as a result of the collision. The golf ball is
typically composed of poljmer 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 which are on the order of 10-100 times larger than
the damping properties of a metallic club face. Thus, dui’ing impact most of the energy
20  islost as a result of the high stresses and deformations of the golf ball (0.001 to 0.20
inches), as opposed to the smail deformations of the metallic club face (0.025 to 0.050
inches). A more efficient energy transfer from the club head to tﬁe golf ball could lead
to greater flight distances of the golfball. .~
The generally accepted approach has been to increase the stiffness of the club

25  head face to reduce metal or club head deformations. However, this leads to greater



1 WO 01/ 32272 PCT/ US00/ 30103 deformations in the golf ball, and thus

i ncreases in the energy transfer problem Some have recognized the problem
and di scl owe@upgssi bl e solutions. An exanple is Canpau, lJéTﬁlsmﬁfbtlﬁnt Nunber
4,398,965, for a Method OF Making Iron Golf Clubs Wth Flexible Inpact
Surface, which discloses a club having a flexible and 5 resilient face
plate with a slot to allow for the flexing of the face plate. The face

plate of CRTBMAb i UBURHUINnd s Sk T ShbiBl 1A by dhiecg 21 1 eSS

steel, and has a thickness 1 n the range 25 inches.

Anot her exanpl e d | . Pat,ent er.5 8 261, for a Golf Cub

Head W't hXEIm;st i%’%ﬁ%%%?%mn# ﬁgj erégbée%ﬁ'&J\l ‘égég?geﬁpgﬁs@fé S‘@W&ﬁ scl oses the
f a 10 plyrality o | at es .t hat Ln _concert tg create a

apr ng- i keSeRpleis Chbad b Pl iy 4358 064 ahiethod DEMakiog lopdintged

bet ween at Iegst él\l\ﬁ of the Pl ates to act as a viscous coupler. Yet

anot her exatiyps Wit Fleshle fmpact Syrface; whichrdisclases aglwbkaving fiexiblgand f or a gol f
Club Wth A Polyurethane Insert. Jepson discloses that the polyurethane

i nsert has wsilign feq platrwith  slotieaHow fordheiflckingsif thecfade. pl@e. The favoplaer exanpl e
Is Inanori, U S. Patent Nunber 3,975,023, for a Golf Club Head Wth

Cer ami ¢ Facef Gampaw is apiniposed dif 8 férome matesialnguch af stainlepd sidel, at@BRased of a
ceram c material having a high energy transfer coefficient, although
ceram cs arthickness il thy rahge oft0.1 Bhe3ntd Q135 inclegn et al ., U. S Patent Number
5,743,813 for a Golf Cub 20 Head, discloses using nultiple layers in the
face to absorb tAwtienegphi is Bginka) 7.SbPdtént Nublber 986334, fRbolfthiy ' S 2

non-netal material.
Head With Elastically Deforming Face And Back Plates, which discloses the use of a

10 plurality 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 Jepson 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

15 hardness between 40 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 having a high energy transfer coefficient, although ceramics are
usually harder materials. Chen et al., U.S Patent Number 5 ,743,813 for a Golf Club

20  Head, discloses using multiple layers in the face to absorb the shock of the golf ball.

One of the materials is a non-metal material.



2 WO 01/ 32272 PCT/USOQ 30103 Lu, U S. Patent Nunber 5,499,814, for a

Hol l ow Club Head Wth Deflecting Insert Face Plate, discloses a reinforcing
el enent co%%?ﬁnq% a plastic or aluminum alloy that all eppukswsergsnor
deflecting O e Tace plate which has a thickness ranging from0.01 to
0.30 inches for a variety of materials including stainless steel, titanium
5 KEVLAR(r), and the like. Yet another Canpau invention, U S. Patent Nunber
3,989,248, for a ﬁU.%‘?atéchﬁMbé?g 409884, tforGABRIIWECIEh HehdWith DeFlegitigNd.

di scl oses a wood ¢l Ub conposed of wood with a netal insert. Although not

I ntended for_flexin f the fa | £ PR br Aheds

5,282, 624 di g@?‘%é@ﬁ?‘gﬁgﬁﬁ% s&%ﬁ@é@%ﬁ%ﬁ‘%ﬁgk‘g"?@%@ palIg%e conposed of a
forged stainless. 10 steel .nateri al avi .t hi f 3.

Ander son. - U Siovnbstafwh in i debssing e #5 bR ef RIS bl 1oq o
Form ng Sanme, al so discloses_use of forged materi.al for.the.face plate.
The face pl afremdk0l4a@e30dnshes oy 2 By & so'f‘chq@%g?" essfsg?cbéW’eri al's

i ncluding steel, copper and titanium The forged plate has a uniform

t hi ckness5 of KIEMLARS, apd ¢diken i cvanptisr Campasinveptiom b3 Fafent NyBRen on di rect ed
toward forged materials in a club head is Su et al., U S Patent Nunber
5,776,011 f 08,989,048, for@ Guif Clab #lavisg Intexs CapablssOfElastigFlaxingedisdlesepazegd of t hree
pi eces with each piece conposed of a forged material. The main objective
of Su is to prBdewpossd 6f whodwittta methingerteat er | of t angl e accuracy and reduce
structural weaknesses. Finally, Aizawa, U S. Patent Nunber 5, 346,216 for a
Gol f 20 O ub Headangphgs hesieendedifaciexpgaif thetfaeipie, ¥iste) Ui (Pateat Nuinbert i ng
surface. The Rules of CGolf, established and interpreted by the United

States Colf 5,282,624 discloses a golf club head having a face plate composed of a forged stainless

10 steel material and having a thickness of 3 mm. Anderson, U.S. Patent Number
5,344,140, for a Golf Club Head And Method 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 tltamum The forged plate has a
uniform thickness of between 0.090 and 0.130 inches.

15 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
composed of three pieces with each piece composed of a forged material. The main
objective of Su is to produce a club head with greater loft angle accuracy and reduce
structural weaknesses. Finélly, Aizawa, U.S. Patent Number 5,346,216 for a Golf

20  Club Head, discloses a face plate having a curved ball hitting surface.

The Rules of Golf, established and interpreted by the United States Golf



3 1 VT WO 01/32272 PCT/ US00/ 30103 Association ("USGA") and The Royal and
Ancient Golf Cub of Saint- Andrews, set forth certain requirenents for a
gol f cl ub weagdsz2mhe requirenents for a golf club head aperigturdigsn Rul e 4
and Appendix Il. A conplete description of the Rules of Golf are available
on the USGA web page at www. usga.org. Although the Rules of Golf do not 5
expressly state specific paraneters for a golf club face, Rule 4-1 e

prohi bits tA@odiaed (“USGAT ¥ ThE Rb¥idt abd ABGEnt Tolf CYIE6E SRt Lndedid, 89 Wi th a
golf ball. In 1998, the USGA adopted a test procedure pursuant to Rule 4-1

e, which ”ﬁ%ﬁHEt?rﬁairﬁle#:gxefm%ﬁ{% 55 ol dhitShealt ST &@gk@g@%ﬁ%@ﬁ" as

procedures like it, y be used to neasure cl hough t he
[ t ' ' It ) f .pl th ' t h
Poi led to provithd BLRRES B Mipatierl) ASDBplle deBEPHPR ot PLi B Ton
d of hi lal,. S f th ti 15 Th t
vent  on_ pPAURE BY DSFA Sriaser i ee e pUER R dEeoTGRT dRpa  hi gh

coefficient of restitution in order to increase the post-inpact velocity of
a gol f Bal |sxPregily satgspecHichapmetrsnior a golfiplub &se Rule 4rd e prohibits ghefaess ent
invention is able to acconplish this by using a striking plate conposed of
a thin nat dramhaviegthe giiecs aldmpngt ofia prsing withtd gelf baHe ly 19980the 318G Aavi ng a | ar ge
surface area. 20 One aspect of the present invention is a golf club head
havi ng a stadpitedgtest procedutepuisnant to Rile dkecshich messores chibgecedOR. PH® | nches to
0. 250 inches, and having a coefficient

USGA test procedure, as well as procedures like it, may be used to measure club face

COR.
10 Although the prior art has disclosed many variations of face plates, the prior art
has failed to provide a face plate with a high coefficient of restitution composed of a

thin material.

Summary of the Invention
15 The present invention provides a golf club head with a striking plate having a
high coefficient of restitution in order to increase the post-impact velocity of a golf ball
for a given pre-impact club head velocity. The present invention is able to accomplish
this by using a striking plate composed of a thin material, having a small aspect ratio
(near 1.0) and having a large surface area.
20 One aspect of the present invention is a golf club head having a striking plate

having a thickness in the range of 0.010 inches to 0.250 inches, and having a coefficient



4 WO 01/ 32272 PCT/ US00/ 30103 of restitution of at |east 0.83 under test
condi ti ons, such as those specified by the USGA .The standard USGA

condi ti ons c,j;gf',gsuri ng the coefficient of restitution imTnsetadieyth in
t he USGA Proce ure for Measuring the Velocity Ratio of a Club Head for
Conformance to Rule 4-1 e, Appendix Il. Revision I, August 4,1998 and

Revision 0, July 5 6, 1998, available fromthe USGA. Another aspect of the
present 1nve ?Eés&ﬁnb isat wattlo. s@wherh@@ebddﬁﬁhydtdhgaswsaspéc]ﬁe@wﬁ{e, a crown and

a sole. The Tace rre 'S corrpose a material selected from titanium
titanium aI ;fy AsihES @ﬁ%ﬁéﬁﬁm’&g The face
menber i ncl ésAa Skt %ﬂ?l ng édf or strrﬁ}cﬁ&ngga 50 ¢ , a face extension

and an interig BJP, ward from
a perinet er 5¢% °¥t%8" 'é? %3#5"“31”5 éeféu}‘ ée)?flg%gy zgﬁ%b??%/"\g '21 shaft
and engages an upper r %@é’t t ens | .owe rt I on of
the face extwar Gﬁ"ce‘ﬂ’]gul%ﬂ 1?P§" u %"6‘"‘{ éi‘ﬂ‘s{fgg"e@ "62?‘(’?‘87‘1 ‘F’Jf he face
extension at a varying distance fromthe striking plate. The sole plate is
secured o thé99%ewsilehiefromdbe YPGhhe face extension at a varying distance
fromthe 15 striking plate. Yet another aspect of t hgw[)r esent invention is
a gol f club head Amatheragpest of the Riesryt inyension isg goif b heagd inctudingta faceno gr eat er
than 1.7. The aspect ratio is the ratio of width of the face to the height
of the face.mdistieRal drgwn dride salep dbe facemiemberd$ caphpoisedafadnsterinb selected frone| at i vel y
greater than 1.7. For exanple, the aspect ratio of the original GREAT BIG
20 BERTHA( 1 )it&Hiind Gftarfiird 211638) Steehayit€misimeBisypemposités (e ceminicd, Thelfadeor ni a was
1.9. As described in greater detail below, the smaller aspect ratio of the
striking pl gh&nik idclies a striking plate for striking a golf ball, a face extension and an interior
10 tubing. The face extension extends laterally inward from a perimeter of the striking
plate. The interior tubing receives a shaft and engages an upper portion of the face
extension and a lower portion of the face extension. The crown is secured to the upper
portion of the face extension at a varying distance from the striking plate. The sole
plate is secured to the lower portion of the face extension at a varying distance from the
15  striking plate.
Yet another aspect of the present invention is a golf club head having a striking
plate with 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 club head faces are
relatively greater than 1.7. For example, the aspect ratio of the original GREAT BIG
20 BERTHA® driver from Callaway Golf Company of Carlsbad, California was 1.9. As

described in greater detail below, the smaller aspect ratio of the striking plate of the



5 111 WO 01/32272 PCTI US00/ 30103 club head of the present invention allows
for greater conpliance and thus a larger coefficient of restitution. Yet

anot her aswe@hsh; the present invention is a golf club h%jﬂlﬁ%ﬂﬁlgdigi ng a
body conposed of a titaniumnmaterial and having a volunme 1n e range of

175 cubic 5 centinmeters to 400 cubic centineters, and preferably 260 cubi.c
centineters to 350 cubic centineters, and nost preferably in the range of

300 cubi ¢ ceRbigR dti présent bl loy 3B Qﬁ&%ﬁﬁpﬁ%@%@@%& figiehe range of

160 grans to 300 grans, preferably 17 ans to a face

havi ng a su r Ln-the range of 4.50 square inches to 5.50 square
I nches, and %ﬁfg@gﬁ%ﬁtﬁtﬁér{)he range of 4.00 square inches to 7.50 square

i nches. 10 Bri Description.of the Draw ngs Fl | is.a front view of the
golf club of t hg{{%tr“@?g‘ﬁft"’%?‘?‘fg%‘g? piSe eentipn s 3 %Olfa%\‘b R inclydipg s bogdy
alternative enbo%*&&;t Qf the %ﬁlf club of the present invention. 15 FIG
2 is a top PPapps Wpniyg mateial gndhaxing gvolnme in the ramgeof 275 ¢ubica t op pl an
view of an alternative enbodi nent of the golf club of the present
i nventi oh. fantimetsrs tg 490 cubic gentimetersoans preferably\360 tubit eentiartersierftse culsié t he
golf club head of the present invention with the crown in phantomlines.
20 FI G 4 i eentimetegse anyl most prefaxehly int theragee 6f 300 ebbib eaineiers o3 1prcabient
i nvention.

centimeters, a weight in the range of 160 grams to 300 grams, preferably 175 grams to

225 grams, and a face having a surface area in the range of 4.50 square inches to 5.50

square inches, and preferably in the range of 4.00 square inches to 7.50 square inches.

10
Brief Description of the Drawings
FIG. 1 is a front view of the golf club of the present invention.

FIG. 1A is a front view of an alternative embodiment of the golf club of the

present invention.
15 FIG. 2 is a top plan view of golf club head of FIG. 1.

FIG. 2A is a top plan view of an alternative embodiment of the golf club of the

present invention.
FIG. 3 is a top plan isolated view of the face member of the golf club head of
the present invention with the crown in phantom lines.
20 FIG. 4 is a side plan view of the golf club head of the present invention.

FIG. 4A is a side plan view of an alternative embodiment of the golf club head



FIG 4A is a side plan view of an alternative enbodi mrent of the golf club
head 6 WO 01/32272 PCT/ US0050103 of the present.invention. FIG 5 is a

bottom vi e\%ﬁg&gﬁ gol f club head of the present inventi operudobSeied i s a
Cross-secti Yo% Few al ong line 6-6 of FIG 5. FIG 7 is a cross-sectional

view along line 7-7 of FIG 3 illustrating the hosel of 5 the golf club-

head present invention. FIG 8 is an enlarged view of circle 8 of FIG 7.

FIG 9is a | an.vi of overlaid enbodi nents of the face nenber of the
S e fespl st

golf club h pr eg6nt invention. FIG 10 is a side view of overlaid

enbodi nents of the face nber of..the f f _the present

i nvention. FIG fﬁc"isgsﬁbg%‘fr’f‘gﬁwqum? @}i&%b&pdé@féﬁ%%ﬁ%ﬁg%n PRents of the

face menber of the golf club _head of th S inhvention. FIG 12 is a
front view of th&l *aﬁﬂﬁﬁsﬁﬁ‘ﬁ?wwﬁ}?ég&gé'gﬁ?giq‘ninti on illustrating the
variations in thickness of the striking plate. 1? Flﬁl 12A is a frgnt view
of an al ternati veFIGoV fs adrogs-spational yiew alengdme Jahel Kl 3 Hiustiptingithe hoselol; | ng t he
variations in thickness of the striking plate. FIG 13 is a cross-sectional
vi ew al orsg |thergolfldutd Bead preSenGinvestionhowi ng face thickness variation. FIG 14
is a front plan view of. a BI G BERTHA(r) WARBIRD(r) driver of the 20 prior
art. FIG. 8 is an enlarged view of circle 8 of FIG. 7.

FIG. 9 is a top plan view of overlaid embodiments of the face member of the
golf club head of the present invention.

FIG. 10 is a side view of overlaid embodiments of the face member of the golf

10  club head of the present invention.

FIG. 11 is a bottom plan view of overlaid embodiments of the face member of

the golf club head of the present invention.

FIG. 12 is a front view of the golf club head of the present invention illustrating

the variations in thickness of the striking plate.
15 FIG. 12A is a front view of an alternative golf club head of the present invention
illustrating the variations in thickness of the striking plate.
FIG. 13 is a cross-sectional view along line 13-13 of FIG. 12 showing face

thickness variation.

FIG. 14 is a front plan view of a BIG BERTHA® WARBIRD® driver of the

20  priorart.

FIG. 15 is a perspective view of a face centered cubic model.



FIG. 15 is a perspective view of a face centered cubic nodel. 7 IIli WO
01/ 32272 PCT/ US00/ 30103 FI G 16 is a perspective view of a body centered
cubi ¢ nodeyygohfsyz 17 is a side view of a golf club head uﬁﬁq@ﬁ sent
invention imuediately prior to inpact with a golf ball. "FI'G S a side
view of a golf club head of the present invention during inpact 5 with a
golf ball. FIG 19 is a side view of a golf club head of the present

i nvention i mredi gicgehy dr al | G 20 is a graph of
t he percentage changelslazﬁv%é tk/l ses osf\t/é‘lrbte0 g%'geggcu%mafm EAT Bl G BERTHA(T)

shaped golf clu S f rea for the face 10 center,
the face soI e alr?;aé hﬂs? ggdgvée(r%vo%r’] ffe M’}e@‘g?ff T PERFIRIEYERton immediatelt e nt
i nventi on. 21 is of the percentage change in COR and Face
Def | ecti on 1’5}50 ctC"Jﬂ%ég‘%ﬁ?f}uBERTI—IA(r) shaped gol f club as a base
reference versu Area FIG 22 is a graph of the percentage change in von
M ses stresses Lsgﬁnbg’éas@Eﬁ’Wﬁla@OEE?FPH&Q49fth¢1apmgu¢mlonldut»ngammcbase
reference versus Aspect ratio for 15 the face center, the face sole and
the face créhaselfbale golf club head of the present invention. FIG 23 is
a graph of the percentage change in COR and Face Defl ection using a GREAT
Bl G BERTHA(r) siFi@elf igokide vlewtofagolf chibdead 6ffths proeft Modntidf iB@aiely” at i 0.
FIG 24 is a graph of the percentage change in von M ses stresses using a
after impact with a golf ball.

FIG. 20 is a graph of the percentage change in von Mises stresses using a
GREAT BIG BERTHA® shaped golf club as a base reference versus Area for the face
10 center, the face sole and the face crown of the golf club head of the present invention.
FIG. 21 is a graph of the percentage change in COR and Face Deflection using a
GREAT BIG BERTHA® shaped golf club as a base reference versué Area.
FIG. 22 is a graph of the percentage change in von Mises stresses using a
GREAT BIG BERTHA® shaped golf club as a base reference versus Aspect ratio for
15 the face center, the face sole and the tace crown of the golf club head of the present
invention.
FIG. 23 is a graph of the percentage change in COR and Face Deflection using a
GREAT BIG BERTHA® shaped golf club as a base reference versus Aspect ratio.
FIG. 24 is a graph of the percentage change in von Mises stresses using a
20 GREAT BIG BERTHA® shaped golf club as a base reference versus Thickness ratio

for the face center, the face sole and the face crown of the golf club head of the present



20 GREAT BI G BERTHA(r) shaped golf club as a base reference versus .
Thickness ratio for the face center, the face sole and the face crown of

t he gol f cl‘ggaﬂégﬁ of the present 8 WO 01/32272 PCT/ USOOf3fhd&dds01b1vVeENt i on.
FIG 25 is of the percentage change in COR and Face Defl ection
using a GREAT BI G BERTHA(r) shaped golf club as a base reference versus
Thi ckness ratio. FIG 26 is a graph of the percentage change in COR using
a GREAT BI G.5 BERTHA(r) shaped golf club as a base reference versus the
percent age ¢MNAAG®in Face deflection using a GREAT Bl G BERTHA(r) shaped

golf club as a b eference.for th spec ' hi ckness
ratio of a golf %ﬁ‘b{sd?agﬁ ﬁﬁ"%%g‘ﬁ en?%%%ﬁ%%.d@@d#?gﬁé&g’?ap g%f t he
per centage change in_COR using a 1 Bl BERTHA(r) s d golf club as a
base ref er efdRE BB&@@WF@B?&%%%? qrﬁgﬁéﬁévgri'ﬁqﬁ%ﬂﬁgm‘ M ses
stress using a GREAT BI G BERTHA(r) shaped golf_cluh as ba ef erence for
the aspect rati ofIGr?éiaag@phﬂﬂh@mrmggh%‘fm&%%%%F&%’ﬁﬁﬂ)f t he
present invention. FIG 28 is a graph of the percentage change_ in COR
usi ng a GREAERTHA®BESEHE( vlub hambage tpftrence versusthe peresatage change Bkase ver sus
t he percentage change in Face 15 center von M ses stress using a GREAT BIG
BERTHA(r) shrfiediogakifig & GREATSBEG BEREHAES shamed gelfichib as hbasggefersncafarthe, t he
area and thickness ratio of a golf club of the present invention. FIG 29
is a graph ofpdchmripaneant aganichrigatis 6f £FIF dist ofghepredeht/ShveitiGn. BERTHA( )
shaped gol f c?ub as a base reference versus the percentage change in Face
FIG. 27 is a graph of the percentage change in COR using a GREAT BIG

BERTHA® shaped golf club as a base reference versus the percentage change in Face
10  crown von Mises si'rcss using a GREAT BIG BERTHA@ shaped golf club as a base
reference for the aspect ratio, the area and thickness ratio of a golf club of the present
invention.
FIG. 28 is a graph of the percentage change in COR using a GREAT BIG
BERTHA® shaped golf club as a base reference versus the percentage change in Face
15  center von Mises stress using a GREAT BIG BERTHA® shaped golf club as a base
reference for the aspect ratio, the area and thickness ratio of a golf club of the present
invention.
FIG. 29 is a graph of the percentage change in COR using a GREAT BIG
BERTHA® shaped golf club as a base reference versus the percentage change in Face
20 sole von Mises stress using a GREAT BIG BERTHA® shaped golf club as a base

reference for the aspect ratio, the area and thickness ratio of a golf club.

AT



20 sole von M ses stress using a GREAT BI G BERTHA(r) shaped golf club as a
base reference for the aspect ratio, the area and thickness ratio of a golf
club. 9 WdbimW 01/ 32272 PCTI USOQ 30103 Best Mode(s) Fe mgg;/{qwsng Qut
The Invention The present invention is directed at a gol I"u ead havi ng
a striking plate that is thin and has a high coefficient of restitution
thereby enabling for greater distance of a golf ball hit with the golf

cl ub head of the present en1 of 5 restitution (also
referred to herein as " Béspg(lﬁagds)?he}ﬁ?méﬁﬂ Fhé’ Pl owi ng equation: e =
l=v/ U -U2 whe d o rior to inpact; U2 is the
gol f ball vel oci Brg%jn(t)in%e W%t]s feﬁ%af‘f %éﬁf@ﬁb 1’%3%?3 ipg a gyiking platethat ub head
velocity Jus{hﬁgftg‘F sgﬁﬁrat an of golf ball fromthe face of the club
head; v2 id® fa P°"<f=‘?’8‘8.°f§FS‘“H§?m§FIF@f engbling for grsatendistanes ofgol f  bal |
fromthe facia of the cJ]ub _head; and e is the coefficient of restitution
bet ween t (BRITHaH hit pith the.golf qlphuhead afthe avesent intventical The cadffigertio | i ni t ed
bet ween zero and 1.0 for systenms with no energy addition. 15 The
coef f i cPentestfution {alsa raferred to herein oy “CORM isstetenhined b thefolloveing tquatiay: Or putty
woul d be near =zero, while for a perfectly elastic material, where no
energy is lost as a result of defermatiew, the value of e vvoul d be 1.0.
The present invention provides a club hgat having a striking plate or face
with a coefficient of restitution approaching 0.93, as neasured under
conventional test conditions.

wherein Uy is the club head velocity prior to impact; U3 is the golf ball velocity prior

10 to impact which is zero; v; is the club head velocity just after separation of the golf ball
from the face of the club head; v is the golf ball velocity just after separation of the
golf ball from the face of the club head; and e is the coefficient of restitution between
the golf ball and the club face.

The values of e are limited between zero and 1.0 for systems with no energy addition.

15 The coefficient of restitution, e, for a material such as a soft clay or putty would be near
zero, while for a perfectly elastic material, where no energy is lost as a result of
deformation, the value of e would be 1.0. The present invention provides a club head
having a striking plate or face with a coefficient of restitution approaching 0.93, as
measured under conventional test conditions.

20 As shown in FIGS. 1-5, a golf club is generally designated 40. The golf club 40
has a golf club head 42 with a body 44 and 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

10



20 As shown in FIGS. 1-5, a golf club is generally designated 40. The golf
club 40 has a golf club head 42 with a body 44 and a hollow interior, not
shown. Engaﬁ' Q,? bl;lf club head 42 is a shaft 48 that has acgfkédsafes not
shown, at a bu #%hd 52 and is inserted 10 WD 01/32272 PCI/ US00/ 30103
into a hosel 54 at a tip end 56. An Oring 58 may encircle the shaft 48 at
an aperture 59 to the hosel 54. The body 44 of the club head 42 is

general |y conposed . t hQBS,: r r 2 and a
sol e 64. Theﬁgqaﬁlbos ggé%%%@%léﬁ%@%ﬁ@%ﬁ%ﬁg |ﬁ?%938&§ﬁﬁg%?“£ection 66

nearest the gg;af 48 toe section 68 opposite the heel section 66, and a
rear section 78 eplﬂfﬁéll e the face nenber 60. The face nenber 60 is

general |y conposed of .a singl | e of nmetal, and j ref erabl y conposed
of a forged net aITf}?é’Pé}‘ﬂi??tﬂ?\ﬁ}“gi‘??ﬁggésr%?ﬂf‘?@y?W“F?ﬁr%é‘b‘gﬁmw’s’ ?réf"eri al is
a forged titaniummaterial. However, those skjlled in the relevant art wll
10 recogni zemember 0hecrpwe 62 pidawle ¢fn\Ths slubbsatPanaysisahenartitiogedinted s such
as steels, vitreous netals, ceramcs, conposites, carbon, carbon fibers
and ot hers5 f i websestiom( reaiest the shiaft 8. toejsqstion §8epppsitsrthe hrsl scetignebtaml $pirit of
the present invention. The face nenber 60 generally includes a face plate
(al so ref errgér decridheT0ipposite the facemdnbeg6@®l ate) 72 and a face extension 74
extending laterally inward fromthe perineter of the face plate 15 72. The

face plate 72 hasrip fdeihethbict 50 3geseeallyalomposed 6Ba tihgle pieoe ofinetal, amrinat i ve
enbodi mrent of the face plate 72 is illustrated in FIG 1A which has a

di fferent scoeplivifeoniRbddera forgeméaIGRated CRRi e eAbIOMS fatktdmbtac| udes an

upper lateral extension 76, a lower |ateral extension 78, a heel wall 80

and a toe Warlnlateﬁgl'is a forged titanium material. However, those skilled in the relevant art will

10  recognize that the face member may be composed of other materials such as steels,
vitreous metals, ceramics, composites, carbon, carbon fibers and other fibrous
materials without departing from the scope and spirit of the present invention. The face
member 60 generally includes a face plate (also referred to herein as a striking plate) 72
and a face extension 74 extending laterally inward from the perimeter of the face plate

15  72. The face plate 72 has a plurality of scorelines 75 thereon. An alternative
embodiment of the face plate 72 is illustrated in FIG. 1A which has a different scoreline
pattern. The face extension 74 generally includes an upper lateral extension 76, a lower
lateral extension 78, a heel wall 80 and a toe wall 82.

The upper lateral extension 76 extends inward, toward the hollow interior 46, a

20 predetermined distance to engage the crown 62. Ina preferred embodiment, the

predetermined distance ranges from 0.2 inches to 1.0 inches, as measured from the

11



The upper | ateral extension 76 extends inward, toward the hollow interior
46, a 20 predeterm ned distance to engage the crown 62. In a preferred
enbodi mentwelolgaz7Pr edet erm ned di stance ranges from0. 2 i 5}%@0/509031' 0

i nches, as neasured fromthe 11 111 WO 01/32272 PCTI USOQY peri meter
73 of the face plate 72 to the edge of the upper |ateral extension 76.
Unlike the prior art which has the crown engage the face plate

Cr onn 62 al ang e ED BB B Bl 12U o el R e “ohances

the flexibili of, t.h ace plate 72 all ow for a 5 greater coefficient
of resti tuttlh%%gor ew}gglbéﬁ%gf%%%e’{gﬁ%e 'SE)S’QF p{‘?‘%@ﬂ’ép‘h&l $heaneseat ar e
secured to .each o hetFl I_hrogglg wel ding or the |ike along the engagenent |ine
81. As il |'H¥EHaR tlage member 60jepgags the qrevmé2 alows asnbsiantialiythorizantal upper

| ateral extensiqgn 76 engages the crown 62 at a greater distance inward

t her eby rediine Sych ¢eneae enthanges the flexibiisy ofthe fese plateri@rallowmgsoresses of t he
face plate 72 than that of the enbodinent of 10 FIG 2. The uni queness of
t he predentereatsreneffioignt of réstitutinnr Thbewowms 62 aidattle bypenlardsiektens@r?é @8 84 of the
face extension 74 that enconpasses the aperture 59 leading to the hosel

54. The hoseturetioteacinothet thrasgtowslilidy br the likd\albng the Shgabmént 1iRag1 aaw dth w2 of
the entirety of the upper |ateral extension 76. e hosel section 84

gradual |y tillashaicd iOREG. 24, iﬂﬁnmtbﬂ&ixﬁ%ﬁ{boﬁﬁ{eht,%uygmgtﬁﬁf%ﬁéﬁl oh 760 1S

substantially perpendicular to the face plate heel” wal | 80
covers the daggRl thedrdvil & £ aGRARHIENG ih r@ﬁ.ﬁ P94k section 91 of
t he sol e 64. g%e heel wal | ago S securleg%%r%g SO le’%élzl,gwﬁg{%attlﬁe ri bbon 90

more rearward from the stresses of the face plate 72 than that of the embodiment of

10 FIG.2.

The uniqueness of the present invention is further demonstrated by a hosel
section 84 of the face extension 74 that encompasses the aperture 59 leading to the
hosel 54. The hosel section 84 has a width w, that is greater than a width w, of the
entirety of the upper lateral extension 76. The hosel section 84 gradually transitions

15 into the heel wall 80. The heel wall 80 is substantially perpendicular to the face plate
72, and the heel wall 80 covers thé hosel 54 before engaging a ribbon 90 and a bottom
section 91 of the sole 64. The heel wall 80 is secured to the sole 64, both the ribbon 90
and the bottom section 91, through welding or the like.

At the other end of the face member 60 is the toe wall 82 which arcs from the

20  face plate 72 in a convex manner. The toe wall 82 is secured to the sole 64, both the

ribbon 90 and the bottom section 91, through welding or the like.

12



and the bottom section 91, through welding or the like. At the other end of
the face nmenber 60 is the toe wall 82 which arcs fromthe 20 face plate 72
in a convex n%nlﬂég The toe wall 82 is secured to the sol gcbiisoodofoh t he

ri bbon 90 afg™ 2oottom section 91, through welding or the like. 12 WO
01/ 32272 PCT/ US00/ 30103 The | ower |ateral extension 78 extends inward,
toward the hollow interior 46, a predeterm ned distance to engage the sole
64. In a preferr nbodi ment ) | : fromO0. 2

i nches to 1.0 i n?ﬂbﬁ ?wﬁrgatﬁrgg%xttfrnté@g? ?%%Q?ﬁg&ﬁ%g?&%?g%ﬁ@g&g?&%% ’aice pl ate
72 to the end of the |ower |atera n

l,, ext ensi { | i.ke. e prior art
whi ch has t heredgermungd distange, to-cngagethe ﬁo(iiecégi. p na?tpée%‘ﬁlg?qp])eé’hbaﬁ%ﬁ%ﬁ&&y, the present
i nvention has the face nenber 60 engage.the sale 64 al on supstantial ly
hori zont al pﬂedﬂ@?ﬂmﬁﬁ‘idés@‘i@%&w&rg ey tpd-Qing s’ﬁéﬁ’teasé'?ngfE"f‘%H‘ezone
rearward froma strength «critical crown/face plate radius_region. Such
engagenent epdramaters3tof theffhesplase 72 toyhesgndiofi the lowgr daterplaxtension 78, &alike for a
greater coefficient of restitution. The sole 64 and the |ower 10 | ateral
ext ensi ons 78thepEosAt whieh hasthesléplate kngage thedasg Iplatcpetpiendicalarly.ike preseat  al ong
the engagenent line 81. The uni queness of the present invention is further
denonst r at edipveMich HaOthe face aiciber @engigetthesolefiieal engtacsubstamtiallyt horivantal
enconpasses a bore 114 in the sole 64 leading to the hosel 54. The bore
section 86 ham,a WiidtdpaydndnhmbvdsIheow@aheit affivesd zanoveatiard fiem afstrérpth enti rety
of the lower lateral extension 78. The bore section 86 gradually 15

transitions | i LBGm/5E D) ‘ﬁ?ﬂabiusgﬁgiolhsu&{&g&geﬁénﬂ cfhARAARANLMbERNMNE t ovar d
en

t he sol e 64,fan gages-the ribbon 90 of "sole 64 outside of the
engagenent Wf;[cg p}a?cenf SWing aeéreaqgfcog-f?i@ieﬁtr Pifidof Bhe sole 64 and the lower

10 lateral extension 78 are secured to each other through welding or the like, along the
engagement line 81. The uniqueness of the present invention is further demonstrated
by a bore section 86 of the face extension 74 that encompasses a bore 114 in the sole 64
leading to the hosel 54. The bore section 86 has a width w, that is greater than a width
w, of the entirety of the lower lateral extension 78. The bore section 86 gradually

15 transitions into the heel wall 80.

The crown 62 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 62 may
have a chevron decal 88, or some other form of indicia scribed therein that may assist in
alignment of the club head 42 with a golf ball. The crown 62 preferably has a thickness

20  in the range of 0.025 to 0.060 inches, and more preferably in the range of 0.035 to

0.043 inches, and most preferably has a thickness of 0.039 inches. The crown 62 is

13
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have a chevron decal 88, or sone other formof indicia scribed therein that

may assist in alignnment of the club head 42 with a golf ball. The crown 62
pref er abl Yyy@g%ad5,t hi ckness 20 in the range of 0.025 to pcﬁg and
nore preferably in the range of 0.03 5 to 0.043 i nches, nDst preferably

has a thickness of 0.039 inches. The crown 62 is 13 MD 01/ 32272

PCTI USO0/ 30103 preferably conposed of a hot forned or "coined" materi al

such as a Y d > t rtinent art wll
PREGLLY bOAPSHATLE o AP H6HAEH pr SRS Altbhidi S 4 als ot B | |

recogni ze mat er | a s or ormng processes lized for

t he crown £t .Lom h SC |r|t he, present

i nventi on. Q%’W\%%er tgl({#e &@%g 88?{, & 3) %@é’&‘a@?@ﬁémﬁﬁpﬁl&m on 91 and
the ribbon 90 whic t tlaII endi cul ar to the bottom section
91. The boPP&Fﬁsgse‘B?XhB% ‘F €° 3’5 %@%@ﬁﬁmmsmmﬁ BROPE pRAMPIE2. The
bottom section has a nedial ridge 92 with a first |ateral extension 94
towar d t he Of & PEsSeRtinySn¥M. and a second lateral extension 96 toward the
heel section 66. The nmedial ridge 92 and the first |ateral extension 94
define 30 a fi rhe sodbleis geneprllysoinposed 8f the haittarh sectienl P hand thelgbbd®oand t he
second | ateral extension 96 define a second convex depression 100. The
sol e 64 pr ehihdbiubstantialiy peipendiaudaso the boftdie séction 81.0ThdbddHdm detidh- 9969 i nches,
and nore preferably 0.047 to 0.055 inches, and nost preferably has a

t hi ckness g@énethl)TdnierabMesEd thERLovaDé X ﬁébb&orarssa‘neﬁ abl YmeaRRRRe 92 Yitna hot
formed or "coined" netal material such as a sheet titani um materl al .

However, t Qaisg latcralSdeienbiBnl9od fowahiethP &leseciiBh 68 Qﬁ& a %;ﬁd l'é{’eﬁag soﬁ{s orfgpat ot her

materials and forni ng processes my be utilize or t wi t hout

departing tdvhd R fes SORiGn 88 9TRALEik rﬂl%e b36nd BE Btk %\)ét%rq;[ﬂn? QY define

2

10 afirst convex depression 98, and the medial ridge 92 and the second lateral extension
96 define a second convex depression 100. The sole 64 preferably has a thickness in
the range of 0.025 to 0.060 inches, and more preferebly 0.047 to 0.055 inches, and most
preferably has a thickness of 0.051 inches. The sole 64 is preferably composed of a hot
formed or “coined” metal material such as a sheet titanium material. However, those

15  skilled in the pertinent art will recognize that other materials and forming processes
may be utilized for the sole 64 without departing from the scope and spirit of the
present invention.

FIGS. 6-8 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
20  component of the face member 60. The hosel 54 may be composed of a similar

material to the face member 60, and is secured to the face member 60 through welding

14



FIGS. 6-8 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 Ioc%gglgﬁna 20 component of the face nenber 60. pEguSHRGlozS4 May
be conpose a'Simlar material to the face nmenber 60, and is secured to
the face nenber 60 through welding 14 WO 01/32272 PCTI USOCQO' 30103 or the

| i ke. The hosel 54 is |located in the face nenber 60 to concentrate the

wei ght of th sel. 5 . f | tion 66
in order to °5§Pﬁnﬁﬁcbmeeé?sépﬁtq%g’c%tgﬁm§fr fﬁ?’!ln%éﬁer%@ go %?‘%%e&%%gﬁﬁp g‘?g 72. A
hollow interjor 118 of the hosel b4 is efined by .a hosel |, 120 t hat
forms a cyl ithghgs 4?“?@%9‘?%@2%" ?%13‘*%51?%‘3 ils‘f“é tlﬂgrrhgngpc(gﬁ%?tg%%& In a
preferred enbodi ment, the hosel wall_120 does, not gage ,t he heel wall 80
t her eby | eavhbpllstildngmassf fiedags Slate e 415&&“’ TREprer ﬁlgd’%g?ﬁf‘%‘ﬁéalﬂ%el wal | 80.
The shaft 48 is disposed within the hosel 54. Further, the hosel 54 is

| ocat ed r eardsfinefl byfa kaselwall 128 #hat forms @ cylindrieal grbedetwegn theberg g andthepl i ance
of the face plate 72 during inpact with a golf ball. In one enbodi nent,

t he hosels 5Zpesure59.pds e grefertd Embediinens, thohosshwalhi 20 doeomatiehgege thedhepl at e 72.
Optional dual weighting nmenbers 122 and 123 nay al so be di sposed within the
hol | ow i nt eryAr8ifersby leivingd vdid hESisktwictn therhoselwalif 180 andithe ik avaltt , t he

wei ghting nenbers 122 and 123 are di sposed on the sole 64 in order to the

| over the cefif.QhafPh8 isAsPdel Within théRosllH4l Fakthde, tho hostt Wwdcglad raagwarenber s 122
and 123, not shown, may have 15 a shape configured to the contour of the

sol e 64. Hovgyehe fmﬁe ?%fglok&gtd Mol ¥6r RRPIihRRIYF the@Fhde plitd 72 &BRBINI e t hat

t he wei ghti ng nenber y placed in other locations of the club head 42

in order to iirnrfal;clzt%&caegotlﬁ)?ﬂl.c B8R enBbaitleA i YioseT AR HispBed 0195 lidches OF OF her

10  rearward from the face plate 72.

Optional dual weighting mémbers 122 and 123 may also be disposed within the
hollow interior 46 of the club head 42. In a preferred embodiment, the weighting
members 122 and 123 are disposed on the sole 64 in order to the lower the center of
gravity of the golf club 40. The weighting members 122 and 123, not shown, may have

15  ashape configured to the contour of the sole 64. However, those skilled in the pertinent
art will recognize that the weighting member may be placed in other locations of the
club head 42 in order to influence the center of gravity, moment of inertia, or other
inherent properties of the golf club 40. The weighting members 122 and 123 are
preferably a pressed and sintered powder metal material such as a powder titanium

20 material. Alternatively, the weighting members 122 and 123 may be cast or machined

titanium chips. Yet further, the weighting members 122 and 123 may be a tungsten

15



I nherent properties of the golf club 40. The weighting nenbers 122 and 123
are preferably a pressed and sintered powder netal material such as a
powder ti ke300 material. Alternatively, the weighti ngc{fﬁﬁpﬁfofnslzz and
123 may be cast or machined titaniumchips. Yet further, e wel ghting
menbers 122 and 123 may be a tungsten 15 ::1li WO 01/32272 PCT/ US00/ 30103
screw t hreadi ngly engagi ng an aperture 124 of the sole 64. Although

titanium a@&ew%@%ﬁf‘atfk‘?ﬁﬁ; %W%4%?F’%§@E§?§%%&ﬂ§%§%ﬁ@’ hose skilled

in the pertinent art” 'w ecogni ze tha terials may

be utilize LO Lghtin r w.thout departing fromthe
scope. and g’ﬁiggtlm?ﬂ%'% %t%]ne&gé %%\%% plfaﬁ(/'gﬂ'tefq%%?ﬁqge yf’@%ﬁ“@"ﬂ%‘ %@?w&% e
variations in the,enga t lLine 8la or 8lb. The engagenent |ine 81b

i || ustrat e?cggwgiertﬂ‘ﬁttq%?fﬂﬁgﬁ%%ty%@ ke whikizedps sp ophenal weightizgrber  60.
The variation has the engagenent |ine |ocated rearward of the chevron 88.
The engag@8IFBIver Yithout denstting fromithe seape ppdepititof thyamesant invemion.F| GS. 12, 12A
and 13 illustrate enbodi nents of the present invention having a 10
variati®n in t hBIGhPcWrillestratsfvatistions ircthe pigagamcilind$ia dr 8¢k Phat e or striking
plate 72 is partitioned into elliptical regions, each having a different
t hi ckness. ergagement dine 81H illpstiacala varistipnof theFacerkehdomt™ ¥f thafact ARnBieat est

t hi ckness that ranges from0.110 inches to 0.090 inches, preferably from

0. 103 i nchés. The @uridfiéh hasalivahgagtiini lincThdated RERRH AP N cﬁeﬂﬁsiimes- A first
concentric region 104 preferably has the next greatest thickness that 15

ranges frogaddpbiflent i€ BRSIs tR PrefC:ded dn Eééﬁ:%ntlﬂfeef erably from0.090 inches to
0.082 inches, and is nost preferably 0.086 | nches. A second concentric

region 106 prefeighy HBASinfRS illustrate embodiments of the present invention having a

10 variation in the thickness of the face plate 72. The face plate or striking plate 72 is
partitioned into elliptical regions, each having a different thickness. A central elliptical
region 102 preferably has the greatest thickness that ranges from 0.110 inches to 0.090
inches, preferably from 0.103 inches to 0.093 inches, and is most preferably 0.095
inches. A first concentric region 104 preferably has the next greatest thickness that

15  ranges from 0.097 inches to 0.082 inches, preferably from 0.090 inches to 0.082 inches,
and is most preferably 0.086 inches. A second concentric region 106 preferably has the
next greatest thickness that ranges from 0.094 inches to 0.070 inches, preferably from

10.078 inches to 0.070 inches, and is most preferably 0.074 inches. A third concentric
region 108 preferably has the next greatest thickness that ranges from 0.090 inches to

20  0.07 inches. A periphery region 110 preferably has the next greatest thickness that

ranges from 0.069 inches to 0.061 inches. The periphery region includes toe periphery

16



next greatest thickness that ranges from 0.094 inches to 0.070 inches,
preferably from 0.078 inches to 0.070 inches, and i's nost preferably 0.074

i nches. A 6P9329ﬁncentri c region 108 preferably has thepdudoogsrent est
t hi ckness that Tanges fromO0.090 inches to 20 0.07 inches. A periphery

region 110 preferably has the next greatest thickness that ranges from
0.069 inches to 0.061 inches. The periphery region includes toe periphery

16 WO 01/ 32272 P | ) ; i D8 kiR HeVadeC gl ON
110b. The vé?%l%ﬁloﬁ%@%ﬁgﬁﬁ?%ﬁﬁgdggqg &ﬁﬁ?@glﬁlglﬁgg&#’fﬁl lows for the

greatest thickn t o be, distri ' . 8 tﬁq}, pl ate
72 thereby @%ﬁﬁiﬁﬁ&iﬁ%?&%%?ﬁ‘%“?yswétﬂ%‘ aceﬁ&%%te%u ic%]ﬁgéc;rresponds
to a greater coefficient of regtitutiqn. |n_an,akternati odi nent ,
the striki ngla & wergby F‘g‘a’&%ﬁ‘ﬁ)‘gg ﬁa’uﬁlﬁba&@?“t‘?“e%‘ﬂ%te %ngk“é:ﬁ célﬂ%shgngig %l;?on- bor on,
ni ckel - copper, nickel -zirconium nickel -phosphorous, and the 1ike. These
vi treous netesdater geafBicientof rosfiftiat 1 j ki ng plate 72 to have a thickness as thin
as 0.055 inches. Preferably, the thinnest portions of such a vitreous
metal st i5i ki ng pllate altesative evbodimentyibe preiking plefe, 72 ia gprapased afAvieRYs 110D,

al though the entire striking plate 72 10 of such a vitreous netal striking
pl ate 72 coyhdlall3askensarokbofon] nickeivicappes sickeliziroordas, nickeb-haasphoyeus, and their t her

alternative enbodi nents, the striking plate 72 is conposed of ceranics,

conposi t es QikeOtrh&E vilRbad Metalk lldviforr thetstrikidgiplate B2 &t laven tii¢knedsian thiphsat e 72
may be an insert for a club head such as wood or iron. Additionally, the

t hi nnest reqj M3Sndks. WrefelBlyS ik ithite: fokiaing of dichayitkeunnethlowilisg fla® 10 i nches

allowing for greater conpliance and thus a higher coefficient of
restitutl on. y i uid be in the periphery regions 110a and 110b, although the entire striking plate 72

10  of such a vitreous metal striking plate 72 could have a uniform thickness of 0.055

inches.

Yet in further alternative embodiments, the striking plate 72 is composed of
ceramics, composites or other metals. Further, the face plate or striking plate 72 may
be an insert for a club head such as wood or iron. Additionally, the thinnest regions of

15 the striking plate 72 may be as low as 0.010 inches allowing for greater compliance and
thus a higher coefficient of restitution.

The coefficient of restitution of the club head 42 of the present invention under
standard USGA test conditions with a given ball ranges from 0.80 to 0.93, preferably
ranges from 0.83 to 0.883 and is most preferably 0.87. The microstructure of titanium

20  material of the face member 60 has a face center cubic (“FCC”) microstructure as

shown in FIG. 15, and a body center cubic (“BCC”) microstructure as shown in FIG.

17



The coefficient of restitution of the club head 42 of the present invention
under standard USGA test conditions with a given ball ranges from0.80 to
0. 93, pref e¥dhilgz72r anges from0.83 to 0.883 and is nost ppetesmBbis 0- 87.
The m crostructure of titanium 20 material of the face nenber 60 has a face
center cubic ("FCC') mcrostructure as shown in FIG 15, and a body center
cubic ("BCC') mcrostructure as shown in FIG 17 11l WD 01/32272

PCT/ US00/ 30183 TH&FCA hcrbéiachiteis aSbEiEd Witk alpha-GEARM, aﬁ@éle\ﬂddﬂ

al pha-titanium and the BCC mcrostructure is assoCiated wth

beta-titani &Hfbroﬁﬂﬁhﬁéﬂ'&?éokﬂwdmbfeﬁ%mﬁﬁrﬂte 72 of the present invention has

a small er aspect ratio than face plates of the pI’IOI’ art (one exanpl e of

oo e e /PRSPl g B o B R 5 R "
face, as shgwn ga LA ln one enbo .the W|dthW|s 78

mllinet ers%?i’ﬂ(fla“tet? tﬁ&f&fﬁm’ﬁr?‘%("ﬁ’gemﬂ? %P dor grijs H@W&M Thgio of
1.635. In conventional golf club heads, the aspect ratio is usually much
great er PhafsPECt Irtip as usedihaseia is defigedysithe Width, b A the: faserfivitedd the dr i ver had

an aspect ratio of 1.9. The 10 face of the present invention has an aspect
ratio that ibsighip s eftheface,lasshowmrin FiGd Aa dpeue embattimentpthe whidth wrie &Nt

i nvention preferably ranges from1.0 to 1.7. One enbodi nent has an aspect
rati-o of 1. Billifeter§ acigholieightb iptEmilimeters\piviig Mmspet Mb@f ¢i6BS.Ulnar t han faces
of the prior art. The face area of the face plate 72 of the present

i nvention r aagestichaDEbIf clehirsads, ekt faflo s Bkl GHdhSréafs 851, Py € preferably
from 4.95 square inches to 5.1 15 square inches, and nost preferably from

4. 99 squar e ex1618 $hd gtV GREATEIS BERTBA® driver had an aspect ratio of 1.9. The
10  face of the present invention has an aspect ratio that is no greater than 1.7. The aspect
ratio of the present invention preferably ranges from 1.0 to 1.7. One embodiment has
an aspect ratio of 1.3. The face of the present invention is more circular than faces of
the prior art. The face area of the face plate 72 of the present invention ranges 4.00
square inches to 7.50 square inches, more preferably from 4.95 square inches to 5.1
15  square inches, and most preferably from 4.99 square inches to 5.06 square inches.

The club head 42 of the present invention also has a greater volume than a club
head of the prior art while maintaining a weight that is substantially equivalent to that
of the prior art. The volume of the club head 42 of the present invention ranges from
175 cubic centimeters to 400 cubic centimeters, and more preferably ranges from 300

20  cubic centimeters to 310 cubic centimeters. The weight of the club head 42 of the

present invention ranges from 165 grams to 300 grams, preferably ranges from 175

18



The club head 42 of the present invention also has a greater volune than a
club head of the prior art while nmaintaining a weight that is '
subst anti al yy} ogahyal ent to that of the prior art. The VebgfBoRbieshe cl ub
head 42 of the present invention ranges from 175 cubic centineters to 400
cubic centinmeters, and nore preferably ranges from 300 20 cubic centineters
to 310 cubic centineters. The weight of the club head 42 of the present

- t] f 175
i nventi on r?;%ﬁ%&%g&&@a&rmpfe&mmm% %ﬁgg%;?ﬂ%%géfom

18 WO 01/ 32 O 30103 grans to 225 Qgrans, erably from

188 grams t C{hel gl?liw g%a%gfso'n% }E@?&gg%&ggg thelrfHr s c{%xﬁg opﬁggro%%(?%l%a%gce plate 72

to the rear secC e cr preferably ranges 6 inches to

3.741 inches. The hej o H L he ub head..42...as asired while in
striking pos’ﬂgeﬁﬁ?"ﬁ'@&%?31’21‘{]@‘32'3?'?}3’&%?5;% Hrdfde cth%?r]%?‘;&’iaﬁches, 5
and is nost preferably, 2.24 inches. The wdth, "W, _aof the club head 42
from the tocnesHEs BHEH SKRgRASHIORy prgfhé@?lp’é?f‘g%ﬁﬂf‘@f:’@r‘%‘fﬂeﬁ’/wrza%?g@%he\"r om4.5
inches to 4.6 inches. As shown in FIGS. 17-19, the flexibility of the face
pl at e 72 5al |avdds mogt preferatdy2 ¢ inchese f Fheowidthy “WF, of therqlyb hepd A2 fram'thatge 17, t he
face plate 72 is imediately prior to striking a golf ball 140. At FIG

18, the facesegtiont68 tdtheihselsensing 66 grefdrablymingestfeon 4.5 inchesteMdrineltes.on 10 of the
golf ball 140 and face plate 72 is illustrated. At FIG 19, the golf ball
140 has just beeg shewminRIGS 17619, thedlekibility pf the éacd plateTi2allgws foralgrdatet2 of t he
present invention was conpared to a golf club head shaped simlar to the
ori gi nal GREMIRlel SrEfinifion) AGFIG/ a7, thé facelslamITa is iintedivtely pidttd atikinga i n t he
aspect ratio, thickness and area will effect the COR and stresses of the 15

face plate 7giry#Way . eAs FIG) 8, Erivade htc7BiRhEYD the BSIELAN &kl fdsinAtisi f or m

face

10  of the golf ball 140 and face plate 72 is illustrated. At FIG. 19, the golf ball 140 has
just been launched from the face plate 72.

The golf club 42 of the present invention was compared to a golf club head
shaped similar to the original GREAT BIG BERTHA® driver to demonstrate how
variations in the aspect ratio, thickness and area will effect the COR and stresses of the

15  face plate 72. However, the GREAT BIG BERTHA® reference had a uniform face
thickness of 0.110 inches which is thinner than the original GREAT BIG BERTHA®
driver from Callaway Golf Company. The GREAT BIG BERTHA® reference had a
COR value of 0.830 while the original GREAT BIG BERTHA® driver had a COR
value of 0.788 under test conditions, such as the USGA test conditions specified

20  pursuant to Rule 4-1e, Appendix II of the Rules of Golf for 1998-1999. For a one-

hundred mph face center impact for the GREAT BIG BERTHA® reference, the peak

19



thi ckness of 0.110 inches which is thinner than the original GREAT BIG
BERTHA(r) driver from Call away Golf Conpany. The GREAT BI G BERTHA(r)

r ef erenceglaei](ill%?22 COR val ue of 0.830 while the original GEijsobidaBERTHA(T)
ad a

driver h val ue of 0.788 under test conditions, such as the USGA
test conditions specified 20 pursuant to Rule 4-le, Appendix Il of the
Rul es of Golf for 1998-1999. Fora one- hundred nph face center inpact for

h 2 f . ) /
e AT i e R B8 68 DA A 0010102

nas° ber square‘in ace-crown, 49
ksi for the face-sgle.an 9 ksi f the ce-center h ce defl ection
for the GREEsersds esd BHer a?#%?%%&fg?%ﬁ@%ﬂﬁﬁ%%oﬁﬁgﬁ%ﬁg 1.25m  FI GS,
20-29 illustrate graphs related to fhese garamaters usi ng{the GREAT BI G
BERTHA(r) BERE refaaency atppghundrpd mph was L 2empm, F1G8130-%0 dlystateeraplifer | at er al
extension 76, the face-sole refers to the lower |ateral extension 78, and

t he face- ceintettotheseparameerns peing thetGREAT BIG BERIHA ® refgrence 2s a bgseGThe o

illustrates the percent changes fromthe stresses on a GREAT BI G BERTHA(r)
ref erenge faeé-stowvnabienge theiuppdriiaerak extensibn 76,chd facesqe @mfees 63he lasver | | ust r at ed
in the graph, as the area increases the stress on the face-crown

i ncreases, lagd4l eRendibie78) akbthe Hc-daréraafeRo tHekemtbr ¢f ik face flixe 72ace- cr own
decreases. The stresses on the face-center and the face-sole remain

relatively consgglbo dfuskdl6s BE fcedt cHabfesifAMmEthR kdstes 04 ol GRELRBIS OF
decreases. FIG 21 illustrates how changes in the area wll affect the COR

d f J i WA fect th
and face ﬁ%@rf@tg gegecrem&kum € ﬁ@fﬁ%ﬂ@f!ﬁé e Plate 729 rﬁ‘%@flﬁs\&aéﬁllﬁﬁ e

deflection o e plate 15 72 wh changes to COR, al t hough
relativel yth%ré%ip €ls e LESRLRNGS ﬁl@@@&gﬁn ¥ tice-crown increases, and as the area

10  decreases the stress on the face-crown decreases. The stresses on the face-center and
the face-sole remain relatively constant as the area of the face plate 72 increases or
decreases.

FIG. 21 illustrates how changes in the area will affect the COR and face
deflection. Small changes in the area will greatly affect the deflection of the face plate

15 72 while changes to the COR, although relatively smaller percentage changes, are
significantly greater in effect. Thus, as the area becomes larger, the face deflection will
increase while the COR will increase slightly, but with a significant effect relative to
the face deflection.

FIG. 22 illustrates the percent changes from the stresses on a GREAT BIG

20 BERTHA® reference versus changes in the aspect ratio of the face plate 72. As the

aspect ratio of the face plate 72 becomes smaller or more circular, the stress on the face

20



significantly greater in effect. Thus, as the area becones |arger, the face
deflection will increase while the CORw Il increase slightly, but with a

significang‘,&l;sg% relative to the face deflection. FIGE%P}&M%rateS
r)

t he percent cthangeés fromthe stresses on a GREAT BIG 20
ref erence versus changes in the aspect ratio of the face plate 72. As the
aspect ratio of the face plate 72 becones snaller or nore circular, the

stress on t g, [ack, ROl Ohb3RARCaRETLHBCREA0HAG 118 esablnodicr cases

whereas the"s ace center and t ace-crown only i1ncreases

slightly as.the as rati o decr.egses. FIG 23 illustrates how changes in
t he aspect Fﬁfﬁaﬁsﬁﬁﬁﬁyﬁf%ﬁpﬁcﬁ@{l ™ha face deflection. Small changes in

the aspect ratio will greatly affect the deflecti f th face plate 72
whi | e changes toﬂ%@é&%ﬁtﬁq %W@@@FP@&FW@&ﬁﬁﬁcﬂgﬁ’@g’ﬁta&ag““changes,
are significantly greater in effect. Thus, as the aspect ratiq becones nore

circul ar, t Heflsction Sredll changes in the pspectiatiowidlereatly pffeqt the deflectigniof thencr ease

slightly, but with a significant effect relative to the face defl ection.
FIG 24 bl fstphtec® while changsete the GQRgalthopglonclatively smalles percendagea GREAT BI G
10 BERTHA(r) reference versus changes in the thickness ratio. The thickness
ratio i s dehdnges] areSighificanthit greataxrfin effiet. f Blos, gsltist aspetPratio bedvmes amee t hi ckness
of the GREAT BI G BERTHA(r) reference which has a face thickness of 0.110

inches. As ifrbits! tha BRe déffeclibiewillibéipise whileihe CORBIEBcieisetsightlyhbwthvitsss rati o
wi || have significant changes in the stress of the face-crown, the

face-center a@{éﬁiﬂcﬁﬁ FRGFe1aBeqo theFadeldeHlection.i | | ustrates bow changes in the
thickness ratio wll affect the COR and face deflection. Small changes in
the thickness ragi WillstbteS@k b¥rodth ERGes Mfin B8 5&ES AL GREAT BIG
10 BERTHAG® reference versus changes in the thickness ratio. The thickness ratio is
defined as the ratio of the face plate 72 to the face thickness of the GREAT BIG
BERTHA® reference which has a face thickness of 0.110 inches. As illustrated in the
graph, small changes in the thickness ratio will have significant changes in the stress of
the face-crown, the face-center and the face-sole.
15 FIG. 25 illustrates how changes in the thickness ratio will affect tile COR and
face deflection. Small changes in the thickness ratio will greatly affect the deflection of
the face plate 72 while changes to the COR are significantly smaller in percentage
changes.
FIG. 26 combines FIGS. 21, 23 and 25 to illustrate which changes give the

20 greatest changes in COR for a given percentage change in the face deflection. As

illustrated, changing the aspect ratio will give the greatest changes in COR without
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the face plate 72 while changes to the COR are significantly smaller in
percentage changes. FIG 26 conbines FIGS. 21, 23 and 25 toillustrate
whi ch cha e the 20 greatest changes in COR for grBibRERCcCENt age
change i n%glﬂ%acée deflection. As illustrated, changing tte aspect ratio
will give the greatest changes in COR without 21 WD 01/32272

PCTI US00/ 30103 substantial changes in the face deflection. However, the

generi c Shaﬁl?éaﬁxialaﬁ es mthgpace 5&‘%@&%%&5&& h—{g n&fc%ﬁép%fof%%aﬁf:a%hange in

COR can be$ eve e area o ce. FIG 27

nbi th f F frat 5
e andhead %?t?@%%%%%i?@@%ﬂﬁ%ﬁ&@ ?%%e&ecpﬁ'ﬁataf SV Y RS pun

stress. As illustrated, changing the aspect ratio will give the greatest
changes i n tesareawfithe fage | east changes in the face-crown stress. However,
changes in the area should be used to obtain the greater overall change in
COR FI G 28 cokfiridsombines the dacesravay results of FIGH 2022Gad 22 (o illpstraignd 24 to
illustrate 10 which changes give the greatest changes in COR rel ative

f ace- censt erwhith chasges Aive thd gremdst etiapges ix CORgelative todaceropawmittess.ghve t he
greatest changes in CORwth the | east changes in the face-center stress.
FIG 29 conpistetd|dendifche agpeet raowill givethe FletiSst cBthge?id GORIwiA the 1|1 ustrate
whi ch changes give the greatest changes in CORrelative to the face-sole

stress.  19ea3i dHahgls it fhe idb8-cFdO&ibtless. f}w&&ecﬁaﬁﬁéﬁﬁﬁﬁta&rwsh&hdiﬂgﬁﬁg t4 he area

will give the greatest changes in CORwWth the | east changes in the
face-sol e Sftfivthe greater overall change in COR.

FIG. 28 combines the face-center results of FIGS. 20, 22 and 24 to illustrate
10  which changes give the greatest changes in COR relative face-center stress. As
illustrated, changing the area will give the greatest changes in COR with the least
changes in the face-center stress.
FIG. 29 combines the face-sole results of FIGS. 20, 22 and 24 to illustrate
which changes give the greatest changes in COR relative to the face-sole stress.
15  Similar to the results for the face-center, changing the area will give the greatest
changes in COR with the least changes in the face-sole stress.
The changes in the thickness ratio provide the least amount of changes in the
COR relative to the aspect ratio and the area. However, the golf club head 42 of the
present invention utilizes all three, the thickness ratio, the aspect ratio and the area to
20  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-
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The changes in the thickness ratio provide the | east anobunt of changes in
the COR relative to the aspect ratio and the area. However, the golf club
head 42 of esent invention utilizes all three, th ' ratio,
t he aspect \%Qﬁnoz%nd the area to 20 achieve a greater Cdgpégir’&g&g;ﬁs\slen gol f
bal | under test conditions such as the USGA test conditions specified
pursuant to Rule 4-le, Appendix Il of the Rules of Golf for 1998- 22 WD
01/ 32272 P 1301 : ke i . t invention
I ncreases gﬁ%ﬁ ﬁlé’eunolge ﬁ}%ﬂ%&@%ﬁ?&%@é@&&ﬁéﬁ@ uc%cgﬁlglgédleg?gtéggaggto t he gol f
ball at inpact, whjle not adding en 0 the stem. Table One
i|lustrates Pfa'I‘Femd?f;r“ﬁBP‘P@ngfoﬁFS tf’ﬁl?-:e @Tﬁ%ﬁ@%@pﬂﬁa‘p@%t S‘frﬂ‘?%@‘e&%t? | ub head
5 42 of the present invention versus comrercially avail able golf clubs

i ncl udi ng: BYW#mdriver from Bridgestone Sports of Tokyo, Japan; KATANA
SWORD 1 driver from Katana CGolf of Tokyo, Japan;, KATANA SWORD 2 from

Kat ana Gol f of TdihleOne illustzates the dosghiilitg 0f the striking ph¢ Viaofhe golf b Ikady o,
Japan; S-YARD. 301NF from Dai wa- Sei ko of Tokyo, Japan; M zuno 300S from

M zuno GSl f 40%f the pyesent drvestinn vefses danmtrGalicavaitate gitRilubY ingludingiBIDdI | away
Gol f Conpany of Carlsbad, California; and the GREAT Bl G BERTHA(r) HAWK
EYE(r) dri vefivéatonaBaigesiohd SpcarpaTykyof Japisg KlastaNia SG2ORD drdniver frohe fir st
colum lists the golf club heads. Columm two |lists the COR of each golf

club head. GQMEGOIHF T80, Fipan; ST ANABWORD 2 R KhEny\GbIFoRTSEA conf or mi ng

golf ball before failure of the striking plate of each golf club head.

Col um 15 f | ¢ @]{ A5/ E e '—lgksés [ ofo1NESdge! f cl ub
heads. As sgﬁiviaﬁ%"? a Pglﬁﬂmﬁg{n no %?ﬁle{?bgol ’C'Tla%%’ ﬁg&gﬂi@[ﬁgjsma Cd%ﬁ)of at

| east 0.85 i‘ﬂﬂva@sé?i% gibf Jk%)ﬁaﬂa?x; Mliulﬂé B@dyjfrom Mizuno Golf of Tokyo, Japan; the

10 BIGGEST BIG BERTHA® from Callaway Golf Company of Carlsbad, California; and

the GREAT BIG BERTHA® HAWK EYE® driver Callaway Golf Company of
Carlsbad, California. The first columnn lists the golf club heads. Column two lists the
COR of each golf club head. Column three lists the number of impacts with a USGA
conforming golf ball before failure of the striking plate of each golf club head. Column

15  four lists the face center thickness for some of the golf club heads. As shown in Table
One, no other golf club head has a COR of at least 0.85 and a durability to withstand
2000 impacts with a golf ball at a speed of 110 miles per hour. Although the KATANA
SWORDI1 has a COR over 0.85, its durability is not sufficient since its fails at
approximately 1500 impacts. The BIIM driver has a durability over 2000 impacts,

20 however, it has a COR under 0.850. The MIZUNO 300S has a durability of

approximately 5000 impacts, however, it has a COR under 0.840.
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2000 inpacts with a golf ball at a speed of 110 mles per hour. Although
the KATANA SWORDI has a COR over 0.85, its durability is not sufficient
since its Ll t approxinmately 1500 inpacts. The BUM dr] a

dur abi Iit)‘}‘t(g'%/u@r§2 000 inpacts, 20 however, it has a COR uﬁ%i#%ﬂ@@g The

M ZUNO 300S has a durability of approxi mately 5000 inpacts, however, it
has a COR under 0.840. 23 WD 01/32272 PCTIUSOQ 30103 Table One C ub COR
Fail ure Face Center Thickness 12 .87?‘%f Q0 0.095 11 .870 5000 0.100 100
.865 4500 0.105 90 .855 3500 0.110 BITKf 825 3500 0.106 Katana Sword-1

. 855 1500 0.106 Katana Sword-2 .830 2000 ----- 5-Yard. 301NF . 830 1500 ---
5-Yard. 301NF1l .835 4000 0.102 M zuno 300S .839 5000 0.118 BBB .795 4500
----- GB Hawk Eye .789 45005 Durability is determ ned by subjecting the
golf club to repeated inpacts with a golf ball fired froman air cannon at

110 miles|per h€&lb ("MWPH'). TOAOR golf clKabufes Face Center Thickness
12° 875 5000 0.095
11° .870 5000 0.100
10° .865 4500 0.105
9° .855 3500 0.110
BIIM 845 3500 0.106
Katana Sword-1 855 1500 0.106
Katana Sword-2 .830 2000 ———
5-Yard .301NF .830 1500 | 0 eeme-
5-Yard .30INF11 835 4000 0.102
Mizuno 3008 .839 5000 0.118
BBB 795 4500 | 0 e
GB Hawk Eye .789 4500 | 00000 emee-
5

Durability is determined by subjecting the golf club to repeated impacts with a
golf ball fired from an air cannon at 110 miles per hour (“MPH”). The golf club is
immovably secured to a frame with the striking plate. facing the air cannon. Golf balls
are repeatedly shot from the air cannon at 110 MPH for impact with the center of the

10  striking plate. The golf balls are PINNACLE GOLD® golf balls, which conform to the
USGA golf ball standards. After each sct of 500 impacts, the club heads are inspected
for failure. The club heads are inspected for face cracking, bulge & roll deviation, face
deformation and weld, joint and seam cracking. The face cracking is inspected through
use of illumination of at least 140 foot candles to see if cracking is greater than 0.50

15 inch. Such a crack would indicate failure. Face deformation is determined by using a

straight edge and feeler gauges to inspect for a deviation greater than 0.005 inch
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i movably secured to a frame with the striking plate facing the air cannon.

Golf balls are repeatedly shot fromthe air cannon at 110 MPH for i npact
with the ceg&ﬁ{ g&zthe 10 striking plate. The golf balls aenusShddfysLE
GOLD(r) gol AP S, which conformto the USGA golf ball standards. After
each set of 500 inpacts, the club heads are inspected for failure. The
club heads are inspected for face cracking, bulge & roll deviation, face

def ti d | d,.. |.0I I ack i Ng

defor L 00 A LEl i 0L Rl AR A0y oMol S5 BRASELARS , .,
i f Ki i t th 0. 15, i h. | d .i ndi cat
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e et B 850 3 98 A 2 O

determ ned by bulge & roll gauges to inspect for a deviation greater than
0. 005 i nch atherehisanysmcking betweprethe surbacesT Hde mastigportait factor isface gecking. ar e

i nspected through use of illum nation of at |east 140 foot candles to see
i f theresi swhiok will seshlt infaibe¢ vioe golf Hieb Huhe crackds greater thosd.50 implvr t ant  f act or
is face cracking, 5 which will result in failure of a golf club if the
crack is greater than 0.50 inch. 25 11'. WO 01/32272 PCTI USCO 30103
CLAIMS 1. A golf club conprising: a golf club head having a striKking
plate, the golf club head a having a 5 coefficient of restitution of at

| east 0.85, and the striking plate having the durability to
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w thstand failure after at |east 2000 inpacts wth an USGA conform ng gol f
ball" against a center of the striking plate at approxinmately 110 miles per
hour. 2. T club according to claim1 wherein the inkd ate has
a thi cknesg'%l”g'%% the range of 0.035 to 0.125. 3. The ggc?,l?lou 1glgccor di ng
to claim1 wherein the striking plate has a thickness in the range of
0.060 to 0.0110. 15 4. The golf club head according to claiml| wherein the
striking plate is conposed of a matgrial..selected fromthe group
consisting of titanium titanium al I§§é,ﬂd§teel s, Vvitreous netals,

ceram cs, conposites, carbon materials, carbon fiber materials, other
fibrous materials and m xtures thereof. 20 5. The golf club according to
claim1l wherein the striking plate has a durability to wthstand 2500

i npacts with an ABCKchyePBPHFiIBG gol f ball at 110 miles per hour. 26 1JI11
~~ 11 e il W 01/32272 PCT/ USOCO 30103 6. The golf club according to
claim1 wherein the stgdliiluhghead diaving a strikingpdaie, thegolfaiu) head a bavinga yi ng

t hi ckness with the thickest region in the center. 7. The golf club head
accor di ng t eoetfid@énof restiatian of at least H185] dadnhe qiking plateripving €& durabiitg ent r al
circular region having a base thickness, a first concentric region having a
first thicipgssndVamie aflertadRaf 2060 ffpactk (@ an USGN ef@midg If Halle fir st

t hi ckness, a second concentric region having a second thickness wherein
the first tQ%'?gﬁg- ' &RIKE, inSd i athird
concentric regl gﬁéﬁéévri%ﬁg{ea thigr]%lgflﬁtiagt%glss mﬁgfbe%lgéﬁgﬁ&giecond t hi ckness is
greater than the third thickness, and a periphery region having a

2. The golf club according to claim 1 wherein the striking plate has a thickness in

10  the range of 0.035 to 0.125.

3. The golf club according to claim 1 wherein the striking plate has a thickness in the

range of 0.060 to 0.0110.

15 4. The golf club head according to claim 1 wherein the striking plate is composed
of a material selected from the group consisting of titanium, titanium alloys, steels,
vitreous metals, ceramics, composites, carbon materials, carbon fiber materials, other

fibrous materials and mixtures thereof.

20 5. The golf club according to claim 1 wherein the striking plate has a durability to

withstand 2500 impacts with an USGA conforming golf ball at 110 miles per hour.

26
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10 fourth thickness wherein the fourth thickness is less than the third

t hi ckness. 8. The golf club head according to claim1 further conprising a
face menberygg ?ising the striking plate and a face extgRsi €6t endi ng
| ateral |y inwar roma perineter of the striking plate, and an interior
tubing for receiving a shaft, the interior 15 tubing engagi ng an upper
portion of the face extension and a | ower portion of the face extension.

9. The golf £l ub | §7 [ : | | f cl.ub head has a
coefficient egf rjé???‘ﬁ?ﬁgﬁ&g@%%%ﬂ@#3&%‘%‘%@85@%&@%lﬁﬁface&ﬁfgllll | Qu |
Frrier el .Los WO 01/ 72 P US0Q/ 30103 . . A golf club head

conpri si ng: rﬁg‘?’?fpogvﬁ%'Wetﬁ%%gﬁsp%g ﬁg“'g(e tglﬁ%‘”b’lnﬁeecef‘%e striking a golf ball
having an exterior surface and an interior surface, the face plate

extending froma heel section of 5 the golf club head to a toe section of
the golf club head, a face extension extending |laterally inward froma
perineter of’-t he Thagelf pinbhead agordingto claiml; wherely the sigiking platecammriseya a shaft,
the interior tubing engagi ng an upper portion of the face extension and a

| ower  pér t icontrad tirgular régiencharing @baseshickness; pdinst consentrietbgion bahiag afisstr porti on
of the face extension at a 10 predeterm ned di stance fromthe face plate;
and a sol e [hiekressswianeir thetbaset thipkrless/is greater thamthe dirst thicknkssceseeuidensi on at a

concentric region having a second thickness wherein the first thickness is greater than
the second thickness, a third concentric region having a third thickness wherein the
second thickness is greater than the third thickness, and a periphery region having a

10  fourth thickness wherein the fourth thickness is less than the third thickness.

8. The golf club head according to claim 1 further comprising a face member

comprising the striking plate and a face extension extending laterally inward from a

perimeter of the striking plate, and an interior tubing for receiving a shaft, the interior
15 tubing engaging an upper portion of the face extension and a lower portion of the face

extension.

9. The golf club head according to claim ! wherein the golf club head has a
coefficient of restitution of from 0.85 to 0.93.

20
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predeterm ned di stance fromthe face plate. 11. The golf club head
according to claim 10 wherein the sole plate has ribbon 15 section that is
secured towbhespspwn. 12. The golf club head accordi ng tGcqhwisiRotsy Wherein
the face plate is conposed of a forged titaniummaterial. 20 28
LEitrrrrrrrrarom 1111151 ~'1 M S WO 01/ 32272 PCT/ US00/ 30103 13. The gol f
club head according to claim 10 wherein the sole plate further conprises a
medi al ridge extending fromthe face section rearward and dividing the sole
plate into a toe section and a heel section. 5 14. The golf club head

according tg cl q&g&l}gug\/ﬂ%d%{ﬁ%fggﬁ face plate of the face nenber has a

thi ckness in the range o iches to 0.250 inches, and has a
coefficient of restityion qf at |east 0.83. 15. .The go | uh head
according to claim 13%%933?‘"3} r‘f%épnlsﬁlg@fgeé’?aée %?5§m5¥?gé%9g@@ﬁ hayinga i 0 no
greater than 1. 7. 16. The .gol.f club head according to claim10 wherein the
t hi ckness WWE@“%F%F@W&FV%@“’@WF of pigth extending Soms heehsectiopef pl ate. 15
17. Thersigolf club head according to claim 10 wherein the face plate has
concent 3 c the 8¢Jf ek head to a tagispesionof thegelf slupihesd, & fase exensiesextandipigon i n t he

center. 20
laterally inward from a perimeter of the face plate, and an interior tubing for receiving a

shaft, the interior tubing engaging an upper portion of the face extension and a lower

portion of the face extension;

a crown secured to the upper portion of the face extension at a

10 predetermined distance from the face plate; and

a sole plate secured to the lower portion of the face extension at a

predetermined distance from the face plate.

11.  The golf club head according to claim 10 wherein the sole plate has ribbon

15 section that is secured to the crown.

12. " The golf club head according to claim 10 wherein the face plate is composed of

a forged titanium material.

20
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29 1M1 HIIj111113 (10 Jd1r 11122 11 11l WO 01/ 32272 PCTI USO0130103 18. The
gol f club head according to claim10 wherein the face plate conprises a
central C'hﬁﬂbﬁg ﬁeglon havi ng a base thickness, a first gernosviistios regi on
having a firs #Hi ckness wherein the base thickness is greater than the
first thickness, a second concentric region having a second thickness

wher ei n the first thickness is greater than 5 the second thickness athird

concent i ¢ el Ot Mgk it el llrflild VoG08 0 whERTho Lo QhiGkness s

greater tha the ness perlp ry re V|ng a fourth

t hi ckness mher t.he fourt ness.. ness.
19I The gol 2™ “ﬂ%%ﬁ‘tﬂ’g%:}t?frh% {aes tmnre %?gﬂh&{]%mg leéglatqu;&{ﬁl on of

the face 10 extension has a. hosel sectlon extendlng about the interior
tubi ng, the tersseliongmdiahsel sedi®di ng a width greater than the entirety of the
upper portion of the face extension. 20. The golf club head according to
claim 10 wherein the |ower portion of the face extension has a bore
section extendi ng about the interior tubing, the bore section having 15 a
wi dt h gr sat dd. t hThe gblf cohheadacsording torpbaimdRayhersin the fise plataafdhefaeee ext ensi on.
30 1111121721 121223x (e et orr ~~~l

member has a thickness in the range of 0.010 inches to 0.250 inches, and has a

coefficient of restitution of at least 0.83.

15.  The golf club head according to claim 14 wherein the face plate has an aspect

10 ratio no greater than 1.7.

16.  The golf club head according to claim 10 wherein the thickness of face plate

varies outward from a center of the face plate.

15 17.  The golf club head according to claim 10 wherein the face plate has concentric

regions of varying thickness with the thickest region in the center.
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18.  The golf club head according to claim 10 wherein the face plate comprises a
central circular region having a base thickness, a first concentric region having a first
thickness wherein the base ﬁichess is greater than the first thickness, a second
concentric region having a second thickness wherein the first thickness is greater than
the second thickness, a 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.

19.  The golf club head according to claim 10 wherein the upper portion of the face
extension has a hosel section extending about the interior tubing, the hosel section

having a width greater than the entirety of the upper portion of the face extension.
20.  The golf club head according to claim 10 wherein the lower portion of the face

extension has a bore section extending about the interior tubing, the bore section having

a width greater than the entirety of the lower portion of the face extension.
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