2126906 GOLF CLUB W TH BULGE RADI US AND | NCREASED MOMENT OF | NERTI A ABOUT
AN | NCLI NED AXI'S This invention relates to golf clubs, and, nore °
particularly, to golf clubs which are designed 5 to prOV|de nore -
accurate off-centre hits. It is commonly assumed that when a golf club

\ golf ball off centre, i.e., at a point spac fromthe centre of
the club toward the toe or heel, the.club gqt (kg out a

o tovard the ragretufs BiRk BERE, BAots Pk CEnGRBA S ORERY) 0¥ | enas
to rotate about a INERZDLtABOGK AN WENCRIERD cAXIES 15 t hrough the centre of
gravity. The foregoing assL”Tﬁ#é”?h¢@ﬂ@ié§59%i%ﬁ éntgl Qf bgiﬁg%degﬁgned

wi th increased polar nonents inertra e vert brizoht al
axes in order to rRRRRcPATeioWiarlnn B Gﬂ%fc¢h%h3Tﬁblﬂbn%h? ¢esigned

.inertia about5the ¢@riteeid QasrdtdcHEratis’ CALLEeRYrEORLEH] rati ng wei ght of

the club in the toe and the The nD nt _of inerti out th

hori zontal axis may be incrépg %SH§ TBRE t?%??%@gmééﬁﬁt ?ntﬂegﬁ}ﬁb in the

sol e and the top. <&Bb strikes a golMpobrhl cofdsceptire; ciler) yat he pointr,

are_conventi onal | yo pied debiti e RubErange! ghbv i By OB Hotns 0o FAPEOSEHE [ O1
clu

excessi ve gear eff Bul ge .i s convex curva ure in face b
whi ch can be seen'aﬂ%n Heels Eh%m%%P?r%ﬂ$%ﬁ%%e359ube$d%FrEQFal The
curvature ext@®nds aa:m:mtwmic/teréxbaidaxtlsrougloltheScemveXofugyﬂfﬂ'cy in the

face which can be '$ﬁ$ The curvature
ext ends about a horizon Wgé?% ; %?gg%{wﬁgh%nfgfﬁg a?%vﬁe$T known.
When a wooden cl ubbelkow. tuﬁicenhrﬂr¢ﬂesratitYkes @. goteward | the topoont
which is ' sole of the club, it is assumed that the club tends

to rotate about a horizontal axis which extends

15 through the centre of gravity.

The foregoing assumptions have resulted in

clubs being designed with increased polar moments of
- inertia about the vertical and horizontal axes in

order to reduce the rotation of the club. The moment

20  of inertia about the vertical axis may be increased
by concentrating weight of the'dlub in the toe and
the heel. The moment of inertia about the horizontal
axis may be increased by concentrating weight of the
club in the sole and the top.

25 Wooden clubs, particularly the driver, are
conventionally provided with bulge and roll in order
to compensate for excessive gear effect. Bulge is
convex curvature in the face of the club which can be
seen when the face is viewed from above or. below.

30 The curvature extends about a vertical axis. Roll is
convex curvature in the face which can be seen when
the face is viewed from the side. The curvature
extends about a horizontal axis. Gear effect in
wooden clubs is well known. When a wooden club, e.g.

35 a driver, strikes a golf ball at a point which is

( 1]

0 axi s which extends through tbhp-centre of gravity. Wen the < )



~2- offset fromthe centre of the face, i.e. toward the toe or heel of the
glub, a.spinis inparted to the ball. Atoe hit on a right-handed cl 11
-provide a counterclockwi se or hook spin, and a heel hit on a 5
Tight- handed club wil | provide a clockwi se or slice spin. The gear
spin is created by a wooden club because the centre of gravity of the club
i s -spaced a substantial distance behind the s&rlklng 10 face of the
clTb, Wen the club strikes a ball on an of TCentre hit, the clubhead
rotdt es about its cem:ﬂ&etoff@m\tlhteyceﬁmeer ofathenfatej hit.el ubdweart ithene
direction, e.g., o&;@m&ef?@l %ft q‘.ﬁehlctl bcaHSSEi*thsbfl%%a{-ﬂeé Qé@t@né n the

_opposite dlrectlon terc oék
opposite rotation i Paldpar tAed‘OﬁohtiF‘ieOBaP'I righinbended elubrebkl aPitP‘Udlq

rotate t oget her lrfUth|ddiﬁ1ﬁéMlei%'m|§@doﬁe%ak p1a, hant dikeelneisisha
rotates counter ock ce S nJas,.|I ar 0 e
Lol pres count el ook R odiad S1RE WilT BEavisS e B S A a 1 oe

hit .opens the facetﬁpiﬂmaclub and causes the ball to fly initially to the

right of the intended |ine of gld %ttah gg\ggggeFPme gog?égf&iog* gﬁoﬁetpook

spin inparted to the ball by 25 ear cause
curve back toward tIf-Uththesdude the senbregRE. sravib®t oot LIRLS t he

gear effect spin norepdden acmm&aalf eﬁstaacefSentn@ftwesmﬂurt@ce an'd
Lo bal | woul 4 ook 4 U, W st "< e Ao bRCaBE b S ipat o ?
curved or convex faoszéﬁﬂnﬂnﬂ @dtbewms cdubhbedarobathstab¢q¢txﬁsrnﬁntqﬁu

and a heel hit fly tg ?}‘”a‘)ﬁ:ﬁl 138 RUkagiop' Proefle DeubReda of Sfle SPI N are

advantageously adjuste on elt er the toe or the
heel | ands irection, e.g., clockwise for a toe hit, causes the

ball to rotate in the opposite direction, i.e.,
15 counterclockwise for a toe hit. An opposite rotation
- is 1mparted to the ball because the clubhead and ball
rotate together much like two enmeshed gears. On a
heel hit, thé clud rotates counterclockwise, and a
clockwise or slice spin is imparted .to the ball.

- 20 _5 | The clockwise rotation of a wooden clubhead
on a toe hit opens the face of the club and causes
the ball to fly initially to the right of the
intended line of flight. However, the _

_ counterclockwise or hook spin imparted to the ball by
25 the gear effect will cause the ball to curve back
" toward the intended line of flight. In most wooden
clubs the gear effecf spin more than compensates for
‘the effect of the open face, and the ball would hook
to the left of the intended line of flight. For this
30 ‘reason the striking face of a wooden club is prov1ded
with a bulge, i.e., a curved or convex face. The
bulge tends to make a toe hit fly to the right and a
heel hit fly to the left. The bulge spin and the
gear effect spih are advantageously ad justed so that
35 " a ball hit on either the toe or the heel lands



éppfoxinately along the intended line of flight. Simlarly, when a wooden
cl ub

bhead about the centre of gravity 5 i nparts gear: effect spin on
| which causes the ball to curve downwardly for a high hit and to

pwardly for a low hit. The roll curvature is intended to conpensate
_ excessi ve gear effect spin on high and l.ow hits. 10 ‘United
St ates Patent No. 3,625,518 describes orienBing the bul ge curvature of ax_ys

wooden ¢l ub about an axi.s lb,ch _exten p Llel .t he _axps. t he shaff{'
and driénting_the%ﬁﬁqo%gefwgggr3338§u$i3niégﬁggﬁﬂjgﬁﬁ?sogeﬁgégéyéular.to
the first axis. 15 The p&ievillagdys whenpeewpodep ddubrsbeikes amnner in
whi ch the cl ubheaggngt Atveror Hadoh. theNekatde abegpaw at{pg of the

bul ge and roll axes Is said to conpensaégﬂf r devia :

the sweet spot bedQkadion, ofcthe,cfubbe 'ﬁ§°3ﬁtth§ ogntre 0L &P BE by a
tendenc¥.tﬁ Ga:sgﬁwrarmhugeapdet&@etv?p&a.onTbﬁepaaEmtwaﬁsn chases tm?¢ t he
swi ng of the club,at i qpact Js i si.ng.thr 1 he targe ine
and parallel to tt?éatléhaq‘qu .cw.ehﬁg%&gggggeggg ?ha?gg 83?&%&&%@%@‘555 _

does not rotate ahawardlyediorcal lawi $idn t 8beorohderunvatunedigdoes not

gtrikes a ball above or below the centre of gravity, the rofatioh of ‘e

ion of "the impact from

&

rotate about a horjpaeds ¥0 eorpdhsdtea?dr aWolisbive _'aheéfféefeos%pﬁ heel

hit will cause the head. to rotatée.ghbout a first axis I ch extends through
the centre of graft® 3‘1@*‘ &mnd é%b_ﬁggéﬁo in a plane which intersects the

axis of theghaft above the UnitedeStates Pagensr Noow3hs25yW618 cause the

club to rotate abou,a38600d Ay 6 BY18098,E0ROHRD bECaCREbER Ol . -

gravity and is perpen ar to trhesfirst axr
wei ght of the cl usiadd sgbput an axis which extends parallel to the axis -

of the shaft and orienting the roll curvature about
an axis which is perpendicular to the first axis.
‘15 °~ The patent does not precisely describe'the manner in
' vhich the clubhead rotates at impact. Instead, the
orientation of the bulge_and'roll_axes;is said to
compensate for deviation of the impact from the sweet
spot because any_tehdency to swing out is
- 20 accompanied by a tendehcy to raise the club and vice
versa. The patent élso states that'the swing of the
cludb at impact is in a plane paséing through the
target 1ine.and-pafalle1 to the shaft.
We have discovered that a golf club head
25  does not rotate about a vertical axis on toe or heel
hits and does not rotate about a horizontal axis on
high and low hits. Rather, a toe or heel hit will
cause the head to rotate about a first axis which
exténds through the centre of gravity of the.c;ubhead
30 in a plane which intersects the axis of the shaft
above the clubhead. A high or low hit_will cause the
club to rotate about a second axis which extends
through the centre of gravity'anﬁ is perpendicular to
the first axis. o |
35 ~ If the weight of the clubhead is



®4- distributed to increase the thent of inertia and to decrease the

tleyidency of the clubhead to rotate,- the wei ght should be distributed w t)}<
respect to.the actual axes of rotation. Simlarly, bulge and roll 5 O /
turvatures on t‘he face of a wood-type club should be oriented with respk

to the actual axes of rotation. Bulge should curve about an axis which is
paral l.el to said first axis, and roll, shoul d=gurve about an axis which is

fafiel t id seg ig .1Q . W :haye al so_dj d that -
e on “rot 1 £ A 3ShNeg e grerosne the PESBRECeR EQpChEE AR os
too much | oft for hidgerease &hd ttendentyl ofl bhe Edubhead htd srotae catiang

t he radi us of curva 30k at.t bs: I
somewhat but makes ?ﬁ%' offkgﬁéfe%ﬁo?§Q§Z§%P§EEnP?§§n???%%f%rﬁﬁfﬁﬁfto t he

bottom of the club. aridalne&es 6% wOtRtAeR- beSERplarked, bplaaandbiredanyl e,
b P10 A0 et 40 e eSbpuasge ol et W
cl b Figure 161 @ IN4sE: Mifhon eapaRraro; BB BEFUSL KSR g SOl 1,
Figure 2A is a di agrBulge ishaulldusuraei aboat 88 axigewhiehfietpamlildleity '
o e L0 e 901 ad el 15 N, Bt BngEL“ppee Abold Wk et
i llustration view ofliiqiniies F@ralled éﬁnﬁgﬁédsgeapé 23i&ting in opposite
directions; Figyure 4A is a di 3@ aaRet alsbl HiBbbRered PhatesdnPenisiax! ubs
i and without gentee] et NG Sken dhASLRTRORE LIS HIAUGE s
is an illustration girdiemleshittoo much loft for high hits and too little
- : loft for low hits. Increasing the radius of
curvature of the roll tends to flatten the roll
15 somewhat but makes the loft angle more'nearly uniform
~ from the top to the bottom of the club.
: The invention will now be explained, by way
of exampie, with reference to the accoﬁpanying
diagrammatic draﬁings, in which:- _
20 Pigure 1A is a diagrammatic illustration of
a toe hit on a wood-type golf club; |
- ‘Figure 1B is an illustration similar to
Figure 1A showing a heel hit; '
‘Figure 2A is a diagrammatic illustration of
25 gear effect spin being imparted to the golf ball by a
toe hit; | o " | |
' Figure 2B is an illustration of gear effect
spin being imparted to a ball by a heel hit; J
' Figﬁre 3 is an illustration view of a pair
30 of enmeshed gears rotating in'opposite qirections;
' ' ' Figure 44 is a diagrammatic illustration of
heel hits on clubs with and without gear effect;
Figure 4B is a diagrammatic illustration of
toe hits on clubs with and without geér effect;
35 Figure 5A is an illustration of heel hits



on cl ubs without gear effect -and mnth too nuch gear effect;

Figure 5B is a

Illystration of toe hits on clubs w thout gear effect and mnth t o0 nuch
Figures 6 and 7 are top plan views of clubs wh different

ge ef fect;
bul adii;

t he ubs of Figures 6 10 and 7, respectively; Figure 10 is a side
view of a conventional clubhead-with a 9-1/2" (=241.3 mm
radiuss<Figure 11 is a dlagrannatlc |IIusF5&t|on of 15 hi gh, centre, a4

el evati onal

| ow hits on the CJ tl:lQ.{ Efl

" 'a clubhead wth an mcrease&r
il lustration of refflectsentre and low hits on the club of Figure 12; 20

ure a dragra

'Figures 8 and 9 are diagrammatic illustrations of toe hits on

roll -
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o

&

.

Figure 14 is a di agrammtlwédﬂéstsnatilsoenofimuehrae%hr ef aaé hevshbas on a
conventi onal

l.ub; - Fi qure a
t he orlentat|0n<ﬂl&ﬁﬁ) ﬁwﬁq Tor? eEﬁn?@ﬁt“&%é 198 m“°§oéa 2Fype cl ub;
Figure 16 i'ssa dleammtlc illustration of the orientation of bul ge and

roll on a wood-type club f gﬁﬂ, r h
is a front el evational .vi e\?\;ri éé;f?a%%a qa%q.% \%&) Ipt&gﬁf orrre I'n accordance

wood-

di a mati ¢

| ustration of

with the inventiorth @iffererd |b§11a8%|1‘@é1élyevat | onal vi ew of the club of
Figure 17; Figure 19 is a tp;té‘ﬁ{gg/lga\g,ﬁf qtggecldqlagqgmﬁatic Figure 17;
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.~ type club;

111ustrat10ns of toe hits on the clubs of Figures 6
and 7, respectively, _

' Figure 10 is a side elevational view of a
conventional clubhead with a 9—1/2" ( 241 3 mm) roll
radius;

Figure 11 is a diagrammatic iIlustration of

high, centre, and low hits on the club of Figure 103
Figure 12 is a side elevational view of a
clubhead with an increased roll radius;
Pigure 13 is a dlagrammatic illustration of
high, centre and low hits on the club of Figure 12;
Figure 14 is a diagrammatic illustration of
high,'centre, nd_low hits on a conventional wood-

Figure'15'is a diagrammatic illustration of
the orientation of bulge and roll on a conventional
wood-type club;

Figure 16 is a diagrammatic illustration of

the orientation of bulge and roll on a wood-~type club
formed in accordance_with the invention;

_ Figure 17 is a front elevational view of a
wOod—type club formed in accordance with the
invention; '

' Figure 18 is a side elevatlonal view of the

"club of Figure 17;

- Pigure 19 is a bottom view of the club of
Figure 17; and

and

'v’i]lé@ tpenaifbgure 17,



-6- Figure 20 is a front elevational V|em10f an iron club show ng the axis
Qf s rotation of the club. Figures 1A and 2A illustrate a toe hit of a
- ball 22 by, a cl ubhead 23 of a wood-type club 5 whi ch provi des geg
ef fect spin. The clubhead 23 includes a striking face 24, a toe 25
26, and a hosel 27. The centre of gravity 28 is |ocated a distance pehi nd
.the face 24. The clubhead 23 is swuing toward ghe ball 22 in the direction
of “the 10 arrow 29, and the clubhead 23 contacts the ball_ 22 at a point
wh=€h is toward the toe 25 of Figere| €8 ishe frgpktelpvationsd viey of efe

cl ubhtead2§3(gauses t%g)en0$%b’agaﬂoﬁ%g%@é Gafi® v Bt AiDH oft ?ht@e@tmfb .of ;
gravity i gure e | ain c ea
23 while the clubhead 23 rot a?i?’ 3ﬁd h%n%l%&m a%loﬁ; oeflg‘tir? otfbg
cl ubhead 23 in the gpiécbam& 22 bMeaaclubhéﬁﬂczﬁnnﬁsatﬂDQﬁﬁﬂyPZZCﬂabrotate
countercl ockw ge '”whﬁ%hd F?ggzgga}hgﬁ fw%ﬁgn :N%he clubhead 23 The

I nitial inpact “between th occurs at % poi nt Al
on the club and poi ARcludep GnSFﬁékb%BIfaQ%e24f¢ﬁuﬁ°ﬁxﬁ5ﬂ anheied 204 &4nce

[e{r% frolmt{:e_ cen{ hegefsegr avi. t)lé_TKS eénihe 61‘3@%%&8 :ﬁs 1t2d&tfeld:1bhe?dt 23
rotates cl-ockw se i {,s ure 0Si n, e bha . rotate
count er cl ockwi se so(a‘tiﬁgf’nf’ﬁe&pBPhgnéz‘b%ﬁ f?‘l%e béa‘ﬁ ecoql‘)iltué’é’te?%t \#QJ g8 nt A2
on the_clubhead ThewmmsnwewardcthbsbakbiaZiﬁ@atthﬁiIBQﬂﬁpdxdﬂ they t he

cl ockui se rotgigon ghbheael UQH&aehés oBfbhond! 23| Einidedd i Al 10R 20t

mati ng gears and tatlon gear. 32 in a
cl ockwi se dlrectlonac£G§é§ HééﬁpeiélB@R&F%etk%ttﬁ?(ﬁﬁcﬂ t?ﬁ?gﬁ%ﬁb'33. A heel

hit-is illustrated in FiguresthB impact of the ball 22 on the clubhead
- 23 causes the clubhead to rotate clockwise about its
_ - centre of gravity 28 (Pigure 2A). The ball 22 is
15 impacted against the clubhead 23 while the clubhead
23 rotates, and the clockwise rotation of the
clubhead 23 in the direction of the arrow 30 causes
the ball 22 to rotate counterclockwise in the
.~ direction of the arrow 31. :
20 - The initial impact between the ball 22 and
 the clubhead 23 occurs at a point Ay on the club
and point By on the ball. The impact point A4 is
a distance R, from the centre of gravity 28 of the
clubhead 23. As the clubhead 23 rotates clockwise to
' 25  its Figure 2A position, the ball 22 will rotate
| counterclockwise so that the point B on the ball
22 contacts the point A, on the clubhead.
The counterclockwise spin imparted to the
_ball by the clockwise rotation of the clubhead is '
'30 " similar to the rotation of mating gears 32 and 33
' shown in Figure 3. Rotation of the gear 32 in a
clockwise direction_causés counterclockwise rotation
of the gear 33.
. _ A heel hit is illustrated in Figures 1B
35  and 2B. The impact between the ball 22 and the




t [err] on the ball and point [err] on the club. The heel "hit tause
Fyphead to rotate counterclockw se (Figure 2B), and the ball rotates
cl dpwid¢e so that the point Bo on 7 the ball contacts the clubhead at
A2, - gure 4A illustrates the result of gear effect spin on a heel hit.

If the club face is noving in the directjon.of the centreline or i nt ended .

line of flight 35, a heel hit wll cause t+he- cl ub 10 face to close anu&g
Wil aniially sestutigadass odebh dbGoDBOlon thd A 3ang Hovever 1 fie

cl ockwi se slice s arted on t e count ercl ockw se rotatlon
"of the cl ubhead cgﬂgﬁgnxhe°%aﬁ¢et?i§§ ei {inkiﬁjQQﬂ§%5nﬁ@ﬁUed |'i ne. of
flight 15 " as |iclubhésd ty tdeate neolvteredocinadse/ ,(Figure [2B),08nd cl ub .

Spin Lo the ball e bAPP'EGHEes bIodi AR vled T polaiy el BT 10" e

ori gi nal d|r%ctloﬁh€0b811|¢nmtﬁ&tﬂithQnﬁiﬂbh?%ﬁrﬂi(ﬁﬁ-away fromits original
~direction indicated by the pigeré%a {1 na8% R b hﬂlesq%gutlrmtoft% puch gear -

ef fect spin can be rted to th it cl.ubhead rotates too nuch. -
This is illustrat %ﬁ&‘?&e fln %é%eais,&”aﬁd 2% $RS8 Y§strates the
flight of a ball mbvthghis eueeGSrecmtonomfsﬁheldnnxneminﬁ or Hextlendied, and

edauce of a toe BLES SFTELLRhiag] € AT Y S RRRE Y S0 SPL

with respectOto tBacectorelose madivill sinbeially QQﬂﬂ(ﬁhwb viin [theot at e |

excessively on of §1568t16n o SthSOTEnE!30S THWRRAEN 1IRS IARIWslh
i ncreased nonents |ner ia, to rgdgce pae r.ot t|on q{ the cIubhead on
afi &d5n

of f-centre hits. °ﬁe?§ p impar e bafl
' . counterclockwise rotation of the clubhead cauges the

ball to slice back toward the 1ntended line of flight
15 - as indicated by the line 37. | -
o Conversely, a toe hit on a club with gear
effect as illustrated in Figure 4B will impart a
counterclockwise spin to the ball and will cause the
ball to curve'to the left from'its original direction
20 ‘indicsted"along the line 38 away from its original
| direction indicated by the line 39. " |
| It can alsc be seen that too much gear
effect spin can be imparted to the ball if the
: clubhead rotates too much. This is illustrated in
25  Pigures 5A and 5B. Figure 5A illustrates the flight
of a ball which has excessive slice spin because of a
heel hit, and Figure 5B illustrates the flight of a
ball-whichahaslexcessive hook spin because of a toe
‘hit. If the moment of inertia or radius of gyration
30 with respect to the centre of gravity is too low, the
clubhead will rotate excessively on off-centre hits.
' Some clubs have been designed with
increased moments of inertia to reduce the rotation
_ of the clubhead on off-centre hits. The weight
35  distribution is generally made on the assumption that

35 ~and 2B.  The inpact. between the ball 22 and the clubhead 23 occurs

L4



<35 distribution is generally nmade on the assunption that -8- the .
&l ubhead rot-ates about a vertical axis through the centre of gravit
the rqotation of the clubhead is reduced, the conpensati ng bul ge cuyyy
’can al so be reduced. Figure 6 |IIustrates a wood- 5 type cl ubhead
which is provided with conventional bulge, i.e., the striking face\4
curves about an axis which extends parall el g a vertical axis through the
'ceﬁyre of gravity 44. The plane in which theS8tw axes lie is generally
petpendi cul ar to a Hhe cxﬂbhuadMnaﬂhtbs adogent verthealeakis ﬁﬁréﬁghface

In Figure 6 the radi r tun h 241.
| f thg moment of i neftia éﬁ%ﬁe{ QH.J %‘aﬁﬂ §a I?slb?iﬁrs Et#ﬂé gg ﬁ’% of
gravity 44 is increasldtbhgadids redymegnrwbstpngpeneaﬁénghbubeet¢urva$urethe
rotation of the clubdgachmsyl ﬁéﬂq*éafwea thmgﬁ% gf &ﬂasﬁpwew alwdsaL educed

on off-centre . a re I pch
bul ge radius o the'€¥; qqd gguy' 5@ HFPV?% &e FaFR é?ﬂY?ﬁF%&F 1
right of the int endehhlgm,e infe f,l itglet saa-mdiwgstfaeteedsl equeslrsb&;t Sailarly,

a heel hit wll nged_| light. Wen the
wei ght of - the cl ubggdé’g'él gﬂirie s?‘frttelg1 rat?(f’)‘lllﬂr?gr ggse i’ﬁgt n?"gfﬁ I nerti a,
the 25 bul ge radithreush g qlﬂﬁﬂimﬁe@fhsrﬁWﬂﬁgtﬂétedThﬁ Plaue eiry which

cl ubhead 45 has a Sttty aeld e o7 gbRorRLy (A0fpéndThu il of T US.

"The reduced cuyyature of t face cau et o lLand oser to the
i ntended |ine g¥ fli QNV °h¢g§ SEnFFFUQFrBP%deﬁeFiQﬁ}e .
9. Also, |less of tlBgumm@ ﬁreerr@.ylm:sl bfbeéheobutgeedurvatus®iis energy, and

the_ball will fly fqg;{yg_fﬁ%ﬂgyﬁ(Q%4§Q%nmg».conparing Figure_8 and 9.
~ If the moment of inertia about a vertical
axis through the centre of gravity 44 is increased by
15  redistributing the weight of the head, the rotation -
of the clubhead and therefore the gear effect spin
will be reduced on off-centre hits. As 2 result, a
conventional 9-1/2 inch (=241.3 mm) bulge radius on
- the face 43 will cause a toe hit to remain to the
20 right of the intended line of flight as illustrated
in Pigure 8. Similarly, a heel hit will remein to
the left of the intended line of flight.
When the weight of the clubhead is
' redistributed to increase the mbment of inertia, the
25  bulge radius can be increased as illustrated in
‘Figure 7. A clubhead 45 has a straight face 46 with
a 12 inch (304.8 mm) bulge radius. The reduced
_curvature of the face will cause the ball to land
| closer to the intended line of flight on off-centre
30 hits as illustrated in Figure 9. Also, less of the
impact energy will be converted into Spln energy, and
the ball will fly farther as can be seen by comparing
Pigure 8 and 9. '

The accuracy of a'wood—type club can also
35 be increased by increasing the roll radius.



The accuracy of a wood-type club can also 35

the roll radius.

ent. to

Figure 10 illustrates a conventional wood-type cl

triking face 49 with a 9-1/2 inch (=241.3 mm) roll radius.

the centre 50 of the face deternmines the |oft” angle.

be increased by increasing

ub 48
A
A5

\J

conventgehhl driver m ght have a | oft ‘angle of 11 . However, because of the

rol | curv

hits, i.e. , bal
hits to fly too
hi gh, centre,

ture the loft angle at a-point, 5
15", and the loft angle at a point 52 at t
[err] This [errFigureadOodlilustsatesr anreapenbional owepdriype okl

48 hakvin gara b'%?ik@ﬂgoft’abbe4éaﬁ§tht9 gLy/2 opnéh gh and

dEh0-5 e

hi gh”

| ow

Foan seFh8es Hobng, ESagentces e " ©

~at the top of the face is: abqut
e bottom of the face is about.@J

Figure 12 IIIustmmmareaﬁﬂ u& Shehfaicegdatermikeagthactoft amgivi chAt he roII'

radi us has en|

55 of the fdce is'S

the variations i Howemer30becayse: g€ thg aﬁalbéﬂfﬁﬁiur¢hﬁh¢o1?fbia$£4%t 56
is [err] and the glofgl p%tnﬂ%osﬁt a%7the fopTbe tRUeREeVEsi Abdwp %" ) Oft angle .

results in nore unifaqim Qal rajectories for g n and Lo hlts
and increases t h@M §W§h3@fgfaﬂﬁgﬁ 3%d a,poin tlga/ﬁthﬁﬁ g????&t? t
Figure 13. As. prcaceudlsy adboatted,’.i t Thisc8/imvarjatsenntn 16ft Eram uhhpad

rot ates abqt5 a

Figure 15, a club

60 whi ch extends
assunption .| eads #dy

S ass une I Ca

wop ofgkhendacent e SRygtaoi h?%f aMelev ubhkesgto THIE
tifr ,C PRGN 1R nd@scd@abBd WAL 6 HahBE . PUtRe curvat’

curves about an aﬂi%a I%h 0% hiah, l%Ln geghenaxiEWGQits is

15

20

illustrated in Figure 11.

Figure 12 illustrates a club 53 having a
striking face 54 on which the roll radius has been
increased to 16 inches (=406.4 mm). The loft at the
centre 55 of the face is still 11°. However, the

| Ylson Wahiskath 1k 138, 000sCenbag1B Ry BELPIEARO LO

%5%§3§?nhﬁ]ﬁ§ﬁga?hﬁigﬁ ﬁgvé QnioftTgﬁgiQfé pafydhe centre

urvature reduces

axis

ure

reduced roll curvature reduces the variations in loft |

at the top and bottom. The loft at point 56 is 13°,
and the loft at point 57 is 9°.

~ The reduced variation in loft angle results
in more uniform ball trajectories for high, centre,

_and low hits, and increases the distance of high and

25

30

low hits as illustrated in Figure 13,

As previously stated, it.is commonly
assumed that a clubhead rotates about a generally
vertical axis on off-centre hits. Referring to

Figure 15, a clubhead 59 is assumed to rotate about a

vertical axis 60 which extends through the centre of
gravity of the clubhéad. This assumption leads to

‘the conventional désign in which the bulge curvature

35

curves about an axis which is parallel to the axis 60
as illustrated by the arrow 61 and the roll radius
curves about an axis which is perpendicular to the

<

L A



-as illustrated by the arrow 61 and the roll radius 35 curves about a
xj s which iss perpendicular to the, -1 0- axis 60 as illustrated by
arrow 62. We have di scovered that the true axis of rotation is e\ |

ssubstantially inclined fromthe vertical and li.es in a plane which =

Intersects the axis of the 5 shaft. ThIS can be denonstrated on-a\
cl ub-swi ngi ng machi ne by striking the ball (xarlous points on the face of
a ekub which lie along a verti cal centrellne # rmed -on the face by a

ve"k-t:'i cal plane whi chxtst 6@dast hibugtrated cent thee cﬁr:g:va\ﬁa y and thr ough t he
-centre 10 "~ of the face. A ﬁS”ﬁﬁ@ehdis?+v§? ekﬁgg % |@ﬁ a
asr

same height as the centre of gravit Héi rail Iustrated I n
Fi gure 14. However, ratﬁtéﬁnhiﬁ SRbs 4¢?1%¥JI Q¥#Qe Lrom thewviertigell £y

tottPedrlghttas Illﬁaaraﬁad LA Elgyaﬁelﬁhléﬁ %ﬁ%éﬂéécts(ﬂﬁéom§ﬁ% E&ah?bl

rot at ed abou ver rou centre avi and low .

hits al ong the verthﬁ?tCen#ﬁé?rﬁﬁn WEHS% égtéha %ﬁ&qﬁ§ 5§&P§ and

woul d fly stralght mihhineubyaat31bingoth¢|bﬂﬂlﬁat1wanﬂﬂusﬂpqnntEOOn the

| [lustrated in FiguigedSor INg16hUPRESH Pfe r@i&tgsa (vtéﬂf{%)bah ‘ﬁtl:r%'i igel s s 65
ntre qQ

‘whi-ch extends throu the ce gravity 6
lies in a plane whi RrRedcpBethe faceshwfa Workd #dsp of

the shaft. It is behheu ht bRé &6nted of gﬁ&ﬁif&t&ﬁﬁtﬂnﬁbughamae @b&&&%CtS
the axis or ce trelr 8 %he sha@t at abﬁgi the top of t§e hq%@ 168 and
that the axis r P4t P88 F8CSPnci PrBEEDE LA Fert19 vof tHed P8 (RSt 1 0fhe
bul ge curvature shoakdthhesaﬁerbecghteaabthe centre LMgray idyt,ewdd 13F 1y
parallel to the axig4@ai t'hhu§ii€§€g%?%%tfﬁ M 6%. agﬂkularIO|

curvature shoul d curve about an_ax! s exten per pendi to_the
axi's 65 as - high hit will fly to the left, and low hit wi 11 fly
: to the right as illustrated in Figure 14. If the
15 clubhead really rotated about a vertical axis through

the centre of gravity, high and low hits along the
vertical centreline would not cause the club to
" rotate and would fly straight. |
The true axis of rotation of a clubhead is
20 illustrated in Figure 16. The clubhead 64 rotates
- (tilts) about an axis 65 which extends through the
centre of gravity 66 of the clubhead and which lies
in a plane which intersects the shaft 67 at a point
below the grip of the shaft. It is believed that for
25 most clubs this plane intersects the axis or |
centreline of the shaft at about the top of the hosel
68 and that the axis of rotation is inclined about
35° to 55° from the vertical. The bulge curvature
should therefore curve about an axis which extends
30 parallel to the axis 65 as illustrated by the arrow
69, and the roll curvature should curve about an axis
which.extends perpendicularly to the axis 65 as
illustrated by the arrow 70.
_ A wood-type clubhead 72 designed in
35 accordance with the invention is illustrated in



‘Fllustrated by the arrow 70. A wood-type cl ubhead 72 designed in 35 X
accordance with the invention is illustrated in -11- Figures 17 and 18. \J
The cI bhead has a toe portion 73, a heel portion 74, and a sole pertion

A .QRsel 76 extends at an angle F fromthe horizontal plane 77 when the.
{he sole is tangent to 5. . the horizontal plane. The angle Fis
le of the club. The hosel has an axis or centreline 78, and the
e club is attached to the hosel-1de t hat |t ‘extends along the

centreline 78. The slidki ng 169 49 %ind heLutdhd Bakds to¥ Prdanav th &

convex bul ge curv e whi ch curves out an axis arallgl to the
axis 80. The aX|'§380a|htheP%%iﬁiEd74;r iandg Sge rRS’tPé'ﬂ% &nd dxt ends -

t hrough the centrgogdl gT6\Vétdendls ait ah Eu”tfél% & ffwﬁ the nwerliizeakaln Fi gure
7. In the 15 efer d enb‘ﬁbnent the Hﬁf bul.ge of ,cuyrvature

was about 12 inc ?ﬂf?ﬁ1 ngepk 49 radius
of about 12 % nchethg awrﬁamﬂal Tpiea.me(.l s & amgltehé‘ dsi s:hef lulaeahgﬂ.ge 20

curvature lie in & ﬂ?he strlkln %fh{&*%tﬁascw Génq: ﬁ'ﬁ%a 8, and

through the centre o ce’whi ch

is formed by vert#ed| thgshrtt z%t"é?e pﬁ]dﬂbsl%?'%?&h@@ \kl?l é’l‘?eeiapéﬁé #Rr ough
the centre of grayhd¥: i*‘d’r@xeénds 431 the Werirdlimeayiss 80 lies is.

porpers cuar o 251 ane Shu(Faue ) ADEhd S digeT o e contre of
axis 78 of t@e shprovﬁdeé.mtthtaSEbnwnxﬁbukgqLuanaﬁumn i chopuriveshe 30 -
hosel 76. Figure Jgohé ﬁl%e&ﬂ’é{'ﬁ'aﬂaﬁﬁﬁ."éf Y the axis 80. The '
' ' axis 80 is the assumed true’ axis of rotatlon and
extends through the centre of gravity 81 at an
| angle & from the vertical in Pigure 7. In the
15 preferred embodiment the axis of the bulgé of
. curvature was about 12 inches (=304.8 mm) behind the
face to provide a bulge radius of about 12 inches
(304.8 mm).
The axis 80 and the axis of the bulge
. 20 curvature lie in a plane ‘which extends through the
centre of gravity and through the centre of the
striking face, i.e., the point on the face which is
formed by vertical and horizontal planes 82 and 83
which extend through the centre of gravity. The
25 plane in which the_axisﬂeO lies is perpendiculér to a
plane 84 (Figure 18) which is tangent to the centre
of the striking face, and the plane in which the axis
80 lies intersects the axis 78 of the shaft at a
point 85 which is Just below the top of the
30 hosel 76.

Figure 18 is a side elevational.view from a
plane which is perpendicular to the plane 84 which is
tangent to the centre of the striking face. A plane
which passes through the axis of rotation and which .

35 is perpendicular to the plane of Flgure 18 will
intersect the axis 78 of the shaft at a- point below



epléne which is perpendicular to the plane 84 which is tangent to the centre
.Qi,the striking face. A plane which passes through the axis of rotation
and which 35 ° is.perpendicular to the plane of Figure 18 will i nters,
sthe axis 78 of -the shaft at a point bel ow -12- the grip of the shaff.iis".-
" The face 79 is also prOV|ded with a convex roll curvature which curves”
about an axis which |s perpendlcular to the ak2s 80, i.e., parallel to the
5 #&% ‘axis 86. The tgg %ﬂelsﬁﬂf ature and the axis 86 lie in a
" pl ®de whi ch passes t ro the centre of gravity and which extends
‘perpendicularly to the aforen@htel dnee BBahE‘ ahsohpeevided bil e andenvaxd t he
axis 80 lie. In the rplaf euredtaFBoghiBRt chfPed abowt ¥ axid MnidY is

vat bout _16 eh he face t rOV|d aroll.
adi s of about. 16, MACRESIACHET, thrthabxiR B« bis surbaralidl (b dhel 1)
curves rearwar @y f achst Bé.f a&he?&xlandfathearokllrémﬂa'el&nd metemis
downwardly and forW%rsdl;Xe“i iahs wbﬁcﬁ”ﬁa?&&&'é*?o@éﬂ «{“9 AU Y oﬁf
inatio t

driver, the l'ie angle h of
axis of rotation 80€FP8ﬁ1¥héngeW ﬂéhleﬁﬁgn@%rPfquméﬂﬁﬁkﬂﬂixriqmﬁh@h t he

aﬁ' fst 80t and. 20 | t?ﬂd@@h@ﬁt&»h&dl p@ah8t thﬁ‘ﬁi?:ﬁ' the Eﬂgé o 3 r?gi;% tﬁg?;
shaft at an angle o r ring to_ Fi

inertia of a c?ub d&ﬁ éé ﬁﬁ accg Eepafiﬁrfﬁ $h&§ﬁ§QA} fxis of

i ncreased by rédi st rhhbumoﬂg t:luevﬂﬁure wesgabout t6einthes aol06. e ) ue
axis of rotation. T'%%g&hﬁb%@dfzg?' §°p §809&’€ #gbjfﬁexgﬁﬁei)%lgfy q%l |tndr| cal

recess 92 which exte romthé so ead 0] reduce
the wei ght of the cI Haghest Fﬂ@ eénBPé: Three weights 93 are

A convex top surface 88 (Figure 18) curves

rearwardly-frbm'the'faee 79, and a rear surface 89
15 . extends downwardly and forwafdly to the'sole.

'In one specific embodiment for a driver,
the lie angle F was 55°, and the angle © of
inclination of the axis of rotatlon 80 from the
vertical was 45° The plane in which the axis 80 and

20  the bulge axis lie intersected the centrellne of the
shaft at an angle of about 10°.

Referring to Figure 19, the moment of
inertia of a club designed in accordance with the

. invention can be increased by'rediStributing the
25  weight of the club about the true axis of rotation.

* The clubhead 72 is provided with a generally
cylindrical recess 92 which extends'upwardly from the
sole of the ¢lubhead to reduce the weight of the
clubhead at the centre. Three weights 93 are

- 30 inserted into inclined bores which are drilled into
the toe of the clubhead, and a weight 94 is inserted
into an inclined bore which is drilled into the heel
‘of the clubhead. '

The welghts 93 and 94 are located to

35 increase the moment of inertia along the true axis of

 rotation as illustrated in Figures 16 and 17 rather



30~ inserted into inclined bores which are drilled into the toe of the -?
cl ubhead, and a weight 94 is inserted into an inclined bore which is "~ *

drijdAed into the heel of the clubhead. The weights 93 and 94 are |ocated to ,-

35 | ncrease the nonent of inertia along the true axis of rotation as
i F ated in Figures 16 and 17 rather -13- .than along a verti cal ’
asswi®d axis of rotation. The weights therefore will reduce the tendency_‘
of the clubhead to rotate about its true axi% of rotation and will decre?%

t he amount of inp h 5 cor ver ed in s ener gy, of the"
ball. The terns gﬁ%ﬁ"ggﬂgg %W)%?Yﬁﬁﬁ} %é? °ﬁ“gﬁ§a&&pn|,n¥pgd to
real wood and arewgtSHWStthQRRiQniawilﬂﬂnaﬁncamhh@ht@m@eahaped fthiee -
traditional “DOde?l§$EQQ€a€§ Y%}é%bﬁgea 45y dBlRlor y@tatlggastlcs

and other materi a re 20 |? strates e axis of rotation of an
iron club 97. dgrreagq de &fd 1mpaghd egesigyr whdghwhi ch

‘has a centresi ne Qg @emﬁeﬂf)&i id ﬁr}(léin&@ypmaﬁlé lbeaagh the centre of 15
gravity 101 and lies in a chy f NtHF sect §, th hafn axi s 1 0 between
p#ﬂél %yh 9'6“?“& &Y neee, it eangre g |

the grip and the clubhead. S i ‘romthe -
vertical line 102heréihecare nok Ixukiﬁﬂrﬁp:ﬂaaiiwanmlamd ar20meandetai | ed

description of spggsiude e@mm St (#erstoo d°'11‘ﬂ‘°er%r?ﬁritf18(i}hﬂ for the

pur pose of illustration, - be un at nmany o etails

~ herein given may ‘5%°W|%H‘%¢’%"r%é?‘b‘bl f}ﬁptan"&é“@ﬁ que@etﬁ'lt»he art without
~departing from t hpl@dtics 5camd othd Manaer THls .

Figure 20 illustrates the axis of rotatlon
96 of an iron club 97. The iron club includes a
clubhead 98 and a shaft 99 which has a centreline or
axis 100; The axis 96 pasées through the centre of
15 gravity 101 and lies in a plane which intersects the
o shaft axis 100 between the grip.and the clubhead.
‘The axis 96 is inclined at an angle O from the
vertical llne 102. . -
_ While in the foregoing-specification a
20 detailed description of specific embodiments of the.
invention were set forth for the purpose of
_111ustration, it will be understood that many of the
details herein given may be varied considerably by
those skilled in the art without departing from the
25 scope of the claims.



5—14 CLAI M5 1. A wood-type golf club conprising a clubhead. and a
Qhaft attached to the cl ubhead, the cl ubhead conpr|5|ng a body haV|ng a toe

_portion and a heel. portion, a top surface, [

striking face extendlng bet ween the top and sole su I " |ng EE&S
face having a convex curvature about a first axis mne

a second axi s which extends through the centre of graV|ty of 10 the

cl ubhead, said first and second axes lying i-l4a first plane.which extends
Ztﬁhdugh the CentrE!GﬂAIMEEStrlklng face and which:intersects the centreline

of the-shaft. 2. A golf c accordln to.Cdaim1l in which 15
said first plane. ex xtends at 2L t Cl&Pr Fomprigéng peelpbhead.

respect toha seccwuﬂ§§eaushdﬂtﬂaqtmnheﬁ Fhr&h@hcugnggggggﬁgfg}ﬁggé%g:ﬁlng
f nd the centr I
pg(r:;e)eﬁdl cular to aQ:t hi rrgts%]‘fi%% %r?dy]%a%‘#%g %Pe §ortipg and Eaﬂ??% of the

sol e surface.. port 1QQrg@IWQQ §BP§é@§ndangoie Shafacd, 0an@ an which said
“first plane Intersecﬁﬁiﬁﬂng G&mbl%xhbﬁalﬂk BQ%K§?ﬁf§h@tt§B Qﬂg §of£ aout

_ 4. cord ai

ggrg]clubhead incld esa%e%dsi Egcg%ﬁécpéﬂlﬂé %h@O%ﬁ%Ftcusxatnterst

pl ane intersects tﬁéowén@réhwha aklshelehaéktadﬂscpafa1ng1t@@ Qfséggh@osel

whi ch
Said firse ae | o Ale LA %%ﬁ%@dg Dn308eR 170 cRrRGr €1 FriHy Thce
wher eby t he ﬁéﬁlus edubhegde spidafirstnans second uaxes slphogitid 2 i nches

(=304.8 M. 6.  firstApdeht ¢hubnagceeeiBothPodB MHE AntPe o Gl M 1

i.ghts In
to 5. |nCIud|ng flr%%raQQn%e ggg ggdgwhlch intersects the centrellne of

the shaft. _ _ _
2. - A golf club according to Claim 1 in which
15 'sald first plane extends at an angle of about 35° to

about 55° with respect to a second plane which passes
through the centre of the strlklng face and the
centre of gravity of the clubhead, said second plane
being perpendicular to a third plane which is tangent
20  to the centre-of the sole surface. '
3. ‘A golf club according to Claim 1 or 2 in
whlch sald first plane intersects the centre line of
the shaft at an angle of aout 10°.
4. A golf club according to Claim 1, 2 or 3 in
25 which said clubhead includes a hosel which is
connected to the shaft, said first plane intersects
the centreline of the shaft adjacent the top of the

hosel. :
5. _A golf-club_according to any one of
30 Claims 1 to 4 in which said first axis is about 12

- inches (=304. 8 mm) behind the striking face whereby
the radius of curvature of said convex curvature is
“about. 12 inches (=304.8 mm).
6. A golf club according to ‘any one of
35  Claims 1 to S including first and second weights in -



-i5 the’ clubhead on opp05|te sides of said first plane. 7. A gol f

second convex curvature of about a third axis which extends 5 par al

G?@fourth axi ends through the centre of gravity of the
cod A, 2, '
entr |1 i face and perpendicular to said second axis.

A golf

about 16 inches (=40
sai d second conve®&

ourth axes lying in a plane which extends through '

cIub accordlng to daim Zqin which said third axis is

gol f club accordifg to O aiangblh o/s‘dub:radkfnrdlrtg]d:d @fny axn@l @fof the

striking face at
striking face at
striking face at

(%JE&e senitr otéﬁ' reQJhii oa{iﬁrerr] ki %efla% h @.9 otn :

op thereof is a £he 1 ot an Ie 0
orvotewINa e oif iabaod Y nq gxjs whigh extTendsp

| el

10—

?ﬁﬁ’aﬁ%?‘g 29%5{13611% r%@ﬁ@g fé \gnefr eby{_’ tlie rad| u§ o}'z

the
gol f

club accordigg t opdda1811 4 M&i}ﬁala&ﬂs rw&hem R s T ofghahangl e of
about [err] wWith res ect o a second, pl.ane passe &%ﬁ ggh the centre

of .the striking fERB'ERPY BFEENY Lhof ﬂberaﬁzll & o 7@

pl ane bei ng 25
centre of the sol

fqamtlem:keml]qrmg) im tehiplchrd anrel cbhiectteinsl &t dhgenmight o t

Sutd te
arranged and adapted "%o operé]#ethéeubssftri% aé)Iq;/at'c'{allegeahr%l(r)éI r%fescl%?ig'%g’r\l/t\n%th
reference to, amﬁa&ﬁsﬁﬁﬁﬁndrﬁx%my one 30 of Figures 16 to 19 of th

acconpanyi ngpdravgngs. - = A golf club according to Claim 7 in which

said third axis is about 16 inches (=406.4 mm) behind
the strlklng face whereby the radlus of sald second

convex curvature is about 16 inches (=406.4 mm) .

15

9. . A golf club according to Claim .8 in which
the loft angle of the striking face at the centre
thereof is about 11°, the loft angle of the striking
face at the top thereof is about 13°, and the loft
angle of the strlklng face at the bottom thereof is

_about 9%

20 -

25

10. A golf club according to Claim 1 in which
said fifst plane extends at an angle of about 45°
with respect to a second plane which passes through
the centre of the striking face and the centre of
gravity of the clubhead, said second plane being
perpendicular to a third plane which is tangent to

the centre of the sole surface.

30

11. A wood-type golf club constructed arranged
and adapted to operate substantially as herein
described with reference to, and as shown in, any-oné 
of Figures 16 to 19 of the accompanying drawings.

andyi 4 second

he
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e
club according to any one of Clains 1 to 6 in whi ch the striking face 'has a~3‘



