WO 01/ 19465 PCT/ US00/ 25434 Title GOLF BALL DI MPLES W TH CURVATURE
CONTINUI'TY Technical Field 5 The .present invention relates to a gol"f‘{fall
with a dinple pattern on its surface. More specifically, the present#

i nventi owoel/m¥es to a dinple pattern for a golf ball weekesooRz8h di npl e
has a curvature continuity at the entry radius, the inflection point and
the center point at” the bottomof the dinple. 10 Background Art Colfers
real i zed perhaps as early as the 18007§d hat golf balls w th indented
surfaces flew better than those with snooth surfaces. Hand-hammered
gutta-percha golf GALFBAIJUDIMBESWMTHLIRVATURESLONTNUWRE 1860' s, and
golf balls with branbles (bunps rather than dents) were in style fromthe
| ate 1800's to 1908. In 1908, an 15 Englishman, WIIliam Tayl or, received a
patent for a golf ball w th indentgadchpiasd Fididli npl es) that flew better ad
more accurately than golf balls with branbles. A G  Spal di ng Bros.,

pur chased t he U.Bhe presgritinvention selatgsse a golf ballgvitha digplesticrnen itesufage. pa) |

featuring t TAY i | 7 R nost .
ot her gol flt}@)éﬁﬁpg&%%llﬁ,%Fh%??éﬁ/%@ioggggtg%ﬁgplép ﬁfeﬁe saﬁegmsalingﬁﬁgi ng the
same patt erguch tidgpleRasAkchivapiaé Ecitifivityldt EheAhtY radhis | the inflection poinoaidthedr on
pattern, split into ei gbht concentric straight line rows, which was naned
after the negmierpeigtatdesbogpmpithedimple. ol f balls. The only innovation
related to the surface of a golf ball during this sixty year period cane
from Al bert Penfold who invented a nesh-pattern golf ball for Dunlop. This
patternlOvas i nvented in 1912 and vBeskeroemwlAmd until the 1930's. 25 In the

1970' s, di nple patterninnovati ons appear of t ' a0l £ .bal |
manuf acturers. | lﬁeﬁﬁ@?l_mf&??r PRSES Fﬂﬁ%ﬁf?@gagﬁ{% %°ggﬂgﬁ%ﬁﬂ§3%gern whi ch
di vi des t hesurfa@dsffieaetter tRirOthbssitthysnidothasiefides Hirddiatibsered guttapehedr on
pattern was disclosed in British Patent Nunber 377,354 to John Vernon

Pugh, howevedf ballsceuld he perehasethat I@W%hﬁgbﬁdwww"%b!ﬂmeﬂi npl es |ying
on " he €0l Bl i VAL 15 o MBS 150 084,30 | e of L ne

15 Englishman, William Taylor, received a patent for a golf ball with indentations
(dimples) that flew better ad more accurately than golf balls with brambles. A.G.
Spalding & Bros., purchased the U.S. rights to the patent and introduced the GLORY
ball featuring the TAYLOR dimples. Until the 1970s, the GLORY ball, and most other
golf balls with dimples had 336 dimples of the same size using the same pattern, the

20  ATTI pattern. The ATTI pattern was an octohedron pattern, split into eight concentric

straight line rows, which was named after the main producer of molds for golf balls.

The only innovation related to the surface of a golf ball during this sixty year
period came from Albert Penfold who invented a mesh-pattern golf ball for Duniop.
This pattern was invented in 1912 and was accepted until the 1930’s.

25 In the 1970s, dimple pattern innovations appeared from the major golf ball
manufacturers. In 1973, Titleist introduced an icosahedron pattern which divides the
golf ball into twenty triangular regions. An icosahedron pattern was disclosed in
British Patent Number 377,354 to John Vemon Pugh, however, this pattern had



meld for the golf ball. Nevertheless, the icosahedron pattern has becone
the domnant pattern on golf balls today. In the late 1970s and the 1980's
the mat hemati ci ans of the major golf ball 5 manufacturers focused their

i ntenti on WAMW/HYsasi ng the dinpled surface area (the arReI/USIORIBLd by

di nples) of a golf ball. The dinpled surface for the ATTI pattern golf
balls was approximately 50% In the 1970's, the dinpled surface area

i ncreased t odifpRel od th : : I Iy t her

br eakt hr oughs ancr)gggsed 3%&%?%9%5&?2%%%?3&%%& g{é verg%%g/g %ES Pat ent
Nunmber 4, 949nolddonthe gylf balla Ne@erthelsiss, thieseisatedon pattean has|tecdrad the dominat8% di npl e

coverage wt ' es. The 1990's have seen the dinple surface
area break i g&ﬁ%’%"ﬁ%@d)ﬂg@@érage. The nunber of different dinples on a

gol f ball surf acédntirdatali $70sianthe a8k e Mathefnhtti of A tafr@alfeglyer age. The
ATTI pattern disclosed a dinple pattern with only one size of dinple. The
nunber of? di PfmHasHrers {ysrsed dheirgnteptiononiingseasing the dimpledsurfapearcaltheraseaent 15

t f di ' f ' t f

i ot es. U SoverEd BERHAoA IR, She Bl Habler e o ATA Rl BURSHL,

B G Mol el St F e, Camnat oo o e R ngdom
non- di npl ed surface.canngt contain a tiona i nmple. Un

pat ent _rrgppl @‘@%%‘g’ﬁ"%@ﬁ%?ﬁ%i‘gﬁ@?@,ﬂlt g“‘%keé_ : ch%%? dmpledy; rrp?es
with five diduffeceamda tdona el sj.s.'iiafehmﬁmbq\f\h's:hb,?m @Gd?ién?#? GBNI%HH%QO?CS2O

cuboct ahedron pattern that has dinples wth €l even erent dianeters. See
500 Yearl0 ofa goif tallmeth 78% dimplecpaecragearith oo K22 dipmlps. THBO199Bsbaveseen i nvent i ng

di npl e patt | Lti,pl e.di opl for a golf ball only has value if
such a gol fqégﬁippws%(%%eearbgelaglng%g%8§%’0"°¥V§§er able for the typical golfer to
pl ay. Additi onal The nabep bediffeichedimplebay £ gdlEhiN saFeRhadilsd Meressed Witgnal

shapes, such as , 25 octahedron, dodecahedron and icosahedron patterns. U S.

Pat ent 5, 20 he3siags ares coverages The HTFTT pattern disclesed a dimplepattemwitheplpenet agonal
formati ons giipAd. | Dhe RHABE | iflﬂﬁ ' e B3 1 er
4,880, 241 d\i@isiglrbgses a %gl T oalofgfgeir:rgpgfrgb%}ift er nésﬁgé\;faﬁ%a’glmnt@g?@ﬁggﬂﬁb

i ‘cosahedbon tyres pfdimples decomingsthepieferned auryber af differenti topes of dieopddsoliS.t he equat or

to 2 VO 0115 aRontndr 1303 "0 et a1, Ridloschh Emte Hotesa with fous SeHRteat iypes
of dimples on surface where the non-dimpled surface cannot contain an additional
dimple. United Kingdom patent application number 2157959, to Steven Aoyama,
discloses dimples with five different diameters. Further, William Gobush invented a

20  cuboctahedron pattern that has dimples with eleven different diameters, See 500 Year

of Golf Balls, Antique Trade Books, page 189. However, inventing dimple patterns
with multiple dimples for a golf ball onty has value if such a golf ball is
commercialized and available for the typical golfer to play.

-
-

Additionally, dimple patterns have been based on the sectional shapes, such as
25  octahedron, dodecahedron and icosahedron patterns. U.S. Patent 5,201,522 discloses a
golf ball dimple pattern having pentagonal formations with equally number of dimples
therein. U.S. Patent Number 4,880,241 discloses a golf ball dimple pattern having a

modified icosahedron pattern wherein small triangular sections lie along the equator to



To further enhance aerodynam cs for the flight of a golf ball, the designs,.
of the dinples have been studied and i nproved upon by the golf industry.

For exanpl sé’ip gﬂ)saka et al., US. Patent Number 5, 720‘,%?}4)@%% ol f

Bal |, disc cross 5 sectional area of each dinple t ual 0.01
mm bel ow t he di npl e edge. The dinples of the Shinobska patent have an

equi val ent cross-section below this |level since the edges of the dinples
above 0. 01 nprovide ardimplécftcezfjoator. pai nting thereby departing froma naster's

reverse dinple pa ot her a Pat t Nunber
4,840, 381, for %ﬁﬁ“’ﬂ’ﬁﬁ? ce agrody; ‘b“%%s??&bﬁi‘g hfg%fe?faaﬁdfabaﬂ thidesigrs of ey ()11 01
5, 752, 889, fﬁfmﬂesTth Bhenaeudfd and I@bfledl?@bh by tl'ié(gbﬁuﬁfusn’&ll eﬁdxﬁlﬂb OSG a
gentle transition over the edge_portion o q | e, The Ihara and
Janmgi shi - paSEmOsah sl 8 i Noysoes - BOTE Tora GoOIG BRI, disslosesa 9o cover

conposed of ?gmﬂ, Je et al.

U S. Pat egt Eﬂ" er@g&%&%ﬁ@%@aﬁﬁ%@@??ﬁ%ﬁ%‘l vﬁhﬁeﬁgcﬂ;nses havi ng

di npl es on ftldhnpdesrdf tlna;ﬁhimmcap‘ﬁtmt Ieiverpt eiivatent ¢ress-sectionibelpw thisdevehsiacean entry
The Use of atiekigmor P graye PO B ARt peerarEre Borehy Benerd ashi e
patent is to oS QkertstBverseBipleyattetiOt her exanpl e of entry angl es of
dinples is disclosed in Myagawa et al, US 20 Patent Number 5, 857,924,

for a Golf Ball. mehme;ta@alﬁas&ameahal HeﬁsPatn@Pémhey%&%w fayaiGelEbels and 20
d
dearees, Y DR vahff SYAN, KOG RanBle 4110 80 i SYSERALINA NI, (0

di scl osed i nb6ihaf which didclose dlgéntle Bahsitidn dventhe edge, ;ﬁﬂtﬁmaaﬁachfchmma. The f Ball .
The Oka patent has sharp 25 inclination_for the le wall surface to
i ncrease thel W%?ﬂagf Wqﬁﬂfépa‘ﬁc‘ﬁgg'ﬁieﬁﬁe@a%%ﬂﬂ%ﬁéﬂﬂbﬂmﬁnpl es edges

I s di scl osed {8,508 58n ibhomerB3k&al,. Nunber 5,566,943 for a Golf Ball. The
Boehm pat ent dﬁgcl oses Un Tres that have a constant depth for the entire

di npl e area. EsseWei wxbthy; enampless Hesashimia etdl., LS PdteniiNumbsr 5:996,581 90201/ 19465
PCT/ S0/ 54%&‘ r§ ﬁgﬁ ?iesg’{&ges h%vxgé dﬁnp?es og?ger ea?‘hn%qg)l € Tiag dlgrﬁ)?es o%lxr face which

shoul d inpro
parting line have an entry angle that is greater than dimples that do not lie on the

parting line. The use of a larger entry angle for parting line dimples in the Kasashima
patent is to improve the symmetry.
Another example of entry angles of dimples is disclosed in Miyagawa et al, U.S.
20  Patent Number 5,857,924, for a Golf Ball. The Miyagawa patent has the entry angle .
between 5 and 20 degrees in order to prevent lowering of the spin susceptibility due to
repetitive hits.
~ Another example of manipulation of the edge of a dunple is disclosed in Oka, et
al., U.S. Patent Number 4,813,677, for a Golf Ball. The Oka patent has a sharp
25  inclination for the dimple wall surface to increase the volume of the dimple.
A departure from gradual dimples edges is disclosed in Boehm, U.S. Patent
Number 5,566,943 for a Golf Ball. The Boehm patent discloses dimples that have a
constant depth for the entire dimpl_e area. Essentially, the side wall of the dimple of the



hits wigh an iron. Al though there are hundreds of published patents rel ated
to golf ball dinples, there still remains a need to inprove upon current
di nples, particularly for golf balls 5 with thernoset pol yurethane covers.
Gol f bal | SYRPVH¥5her noset pol yuret hane covers such as t HRETKESOpR§434

REVOLUTI ON, the Maxfli HT, the Titleist PROFESSI ONAL, the Titleist TOUR
PRESTI GE, and the Sl azenger RAM 420 all need to conpensate for the

i nher ent pr oPestim pacmis dt 0 dedrye unglehathe sumfidce whith shdnild inprowresistance e use of
certain manufacturing techni ques available to covers conposed of iononer
material s sult ER Yt o ¢ ni shi ng. One exanple to overcone this problem
is a dual radius ﬁﬁﬁb@htﬁé&&&e%ﬁndréﬁs%ﬁb&‘ii@&d'fﬁaleh@"réléziéd%goh’-bﬁl alsdiignt Number
5,735, 757, However, there is still a need or a dinpl € designed to

maxi mi ze t hetherersiH yemaibsoasnesd tosimprdve upen durgitidimples, patticularbt for golf haliset hane

cover. 15.Di sure of .the, |l nventi h Lesent invention provides a
novel di npl , With Rt SsclbariSpdr 5, A1t B BposstPD IR RRte i | o
i ncreasi ng i shlas fhe Maxfli BEVOLUTION sheMaesi HT ke DitieistFROFESSEONADthei S abl e
to acconplish this b roviding a continuous curvature for each of the

di npl es  bas &illeishTQURERRSTECBnd the Slazgngen RANE A0l need torrempensateder theyvent i on
Is agolf b | h LR ' | npl es on the
surface. Th?%%%@?ﬁé.&gfe sgg{gﬁﬁglsm%nﬁgﬂegﬁﬁn%%gﬂfcsﬁp?g%ﬁxhg%%’of% roma first
edge of eachmefufsdiering teqhnigees avaitableds oovdrsapmpesed of Pdoecrahateriatdsud ag he

di mpl es. ,The copt.our af the first edge equal to.the .curvature of a
sphere of?t higto- llFm%a e e ieé?]?‘(?ﬁg?eéﬂ;g%mggwgéﬁu’{lﬁ@‘ﬁi PRECHEY be
convex from &i8odel iBMofik, UDS. Ratémt NunitRt 5,784, 7 £/C HARVEOMEE idfll o deedh t he
second edge to a second inflection point, and the curvature nmay be concave
bet ween t he for g dimple designed tormaxiznize thy aerodynamics ©6a eolf ball with 4 Barmasesi nt . The

di npl e conto fined by the followi ng equation: P(t)= 3 B1J i(t)
O#t#1 4 VDOW&W%&Q&USOO/ZMM wherein Jyt, ift) (nf )ti (1-t)"" , n

is equal to at least five, and i= n+ 1. The radius of each point froma
bottomcenter to the first edge be different from
s f;' g Disc. %lsure of tixe Inventirc])n

The present invention provides a novel dimple cross-section that reduces the
drag on a golf ball while increasing its lift for greater distances. The present invention
is able to accomplish this by providing a continuous curvature for each of the dimpies
based on a quintic Bézier.

20 One aspect of the present invention is a golf ball having a surface thereon with a
plurality of dimples on the surface. The contour of each of the dimples is continuous
from a first edge of each of the dimples to a second opposing edge of each of the
dimples. The contour at the first edge may be equal to the curvature of a sphere of the
golfball. The curvature of each of the dimples may be convex from the first edge to a

25  first inflection point and from the second edge to a second inflection point, and the
curvature may be concave between the first inflection point and the second inflection

point. The dimple contour may be defined by the following equation:
P(}=3 Bil, ) O#t#l



any other point fromthe bottomcenter to the first edge. The radius.may be
greatest at the bottomcenter. 5 Another aspect "of ‘the present invention
is a golf ball 'having a thernoset polyurethane cover w ace

t her eon. WROAMEF ace of the thernmpset pol yuret hane covgk5%§ﬁg%§@£d with at
| east a base coat. The golf ball has a plurality of dinples on the

surface, and the contour of each of the dinples is continuous froma first
edge of eackvhefin L{y@) d (B )E14)" ,a is equmhth ap fppstivepnddger bl. each of the

di npl es. 10 _Bri ef i pt i f_the Draw FIG: | is ar torial Vi
of "B pr et or DRl E SHRHDI o RSP SRRE ot st sdgp melsve ARGRLEREY, °r & T
i's the view,pl ofibGpoirk fiont e bbidrh Béhtdriie theditst ebfe. AiheRAdS mayPoerdréatest & i s t he

view of FIG Il l'ustrating the transition region of dinples. FIG 2 is a
pol ar vi ew dlie hatiempsnter.nal | of FIG 1. FIG 2Ais the viewof FIG 2

i Ilustrating the ' el | he vi ew of
FIG 2 iFlustrat ﬁ‘%ﬁ‘%ﬁ’g‘%qﬁgﬁ‘g&’ﬁ%ﬁ‘p@%@ﬁgp%ﬁ?%‘b@ﬁ f&ﬁeﬁg es. 200FIG 3
is a polar \poBuretiant bevepoiith alsaifice dierdeinGThelsurfate rfthicsthermysétipolystethane

configuration. FIG 4 is an enlarged cross-sectional yiew.of .a dipople of a
first set ofCOUq’fr*riﬁQé‘éedd\_"thatt#'@S‘_g“chaFe tat- Iﬁ{S"fgqfﬁ’éﬁ Mwlﬁyﬁggﬁf?l?ﬁﬁn G 4Ais
an i sol at ed (GiQ5aRARE b of btiof e Ulrhbladis Bicfinki RRI4 fist & opEackhe 25

entry radius. G 5 1s an enlarged cross-sectional view of a dinple of a

second set aif tit dipples to afecordeooppodifg dsige bf each pfithe dimplesnt i nvention. FIG 6 is

an enl arged cross-sectional view of a dinple of .a.third set of dinples 5

0. WO 00119465 PCF/ USOQ 25434 of the gol f ball of the present invention.
Brief Description of the Drawings

FIG. 1 is an equatorial view of a preferred embodiment of a golf ball of the
present invention. _ _ ' .
FIG. 1A is the view of FIG. 1 illustrating the rows of dimples.
15 FIG. 1B is the view of FIG. 1 illustrating the transition region of dimples.
FIG. 2 is a polar view of the golf ball of FIG. 1.
FIG. 2A is the view of FIG. 2 illustrating the cascading pentagons of dimples.
FIG. 2B is the view of FIG. 2 illustrating the single i_encompassing pentagon of -
dimples. '
20 FIG. 3 is a polar view of the golf ball of FIG. 1 illustrating the star
configuration. '
FIG. 4 is an enlarged cross-sectional view of a dimple of a first set of dimples of
the golf ball of the present invention. .
FIG. 4A is an isolated cross-sectional view to illustrate the definition of the
25  entry radius.
FIG. 5 is an enlarged cross-sectional view of a dimple of a second set of dimples
of the golf ball of the present invention.

FIG. 6 is an enlarged cross-sectional view of a dimple of a third set of dimples



FLG 7 js an enlarged cross-sectional view of a dinple of a fourth set of
di nples of the golf ball of the present invention. FIG 8 is an enl arged
cross-sectional view of a dinple of a fifth set of dinples 5 of the golf
bal | of tHOP4Bnt invention. FIG 9 is an enlarged cr &I hal view
of a dinple of a sixth set of dinples of the golf ball of the present

I nvention. FIG 10 is an enlarged cross-sectional view of a dinple of a
sevent h set dffthe ghlftalied tiefprdshet ig@hfionbal | of the present invention. 10 FIG
11 is a cross-sectional view of a dinmple . of Lhe priagr art. Fl 21is a
cross-sectional Vi8w W&H’S{%gFmEﬁ'ﬁ?ﬁq‘n‘g‘ﬂo‘fle‘Yﬂé“%P:P[?r&&lf?'f"&‘lff‘@f f$ an

i sol at ed t opith&ghiFbaBVuf Be rResentieBtic the present invention. FIG 14 is a
cross-sectional Side viewof the dinple of FIG 13. FIG 14a is a

cross-sectional HIfe8 isianwnlafged neossitentiinal iew pf Glimpl ofaififbisetafidimplehe 15
entry angle t har,d depth. FLG 14b is a cross-sectional side view of
t he di npl o‘?fr}g‘?@e‘i@ﬁ%ﬁ%ﬁ%ﬂ’?"ﬁg Phe bridi ng curves used to construct
the curvature of FIG.e9iisidﬁMﬁrc§eEb s-sebtidngl view ofdbdimple of'a sixth st of dilpplest t he
di stance fromone end of a dinple to an opposing end versus the radius,

with a crossoisbegelbballef therpsesgrtipyestion or a di nple of 20 the prior art to
demonstrate the GHY # Haf ofikiEPRblMldotal Jidwbe s imbie ofa SQRMAANEON Of 2
e end of adinple to

graph of the distance Tromo an opposing end versus
t he radi us, diniplesaf the@sKbalkafithopreszht inbentidn.npl e, for a dinple of the

present inventio o .denonstrate the curvatyre continuity. FIG 17 is a
graph of ¢ he Iif&lgpze]f'lsiaé‘fﬁﬁﬁecg %wﬁgﬁﬁﬂpk"fﬁﬁ?ﬂlﬂr&‘ 25 FIG 18 is graph
of the drag coef fiigi enis 2\eRdss S bR WelvdE anbilth @imple 6148 pridedR(s) For Carrying
Qut The Invention As shown in FIGS. 1-3, a golf ball is generally

desi gnat ed 20. THHGgH3 is an Gola®daap nlemasw pOT dinplaftisqgesentinydntiomy be a
two-piece or at e, piece golf. bal.l. .Further, t rege-pi ece gol f ball
may have a V\Dun(r}&ﬁayg'ts,acﬁ(}sgﬁecégl?a?ﬂd% lﬁ‘ﬁag%df%‘l’;&fﬁﬁ}hgfcover of the golf
bal | 20 may be  FIG. 14ais a cross-sectional side view of the dimple of FIG. 13 illustrating the

. 15 entry angle and the chord depth.

FIG. 14b is a cross-sectional side view of the dimple of FIG. 13 illustrating the
briding curves used to construct the curvature of the dimple.

FIG. 15 is a combination of a graph of the distance from one end of a dimple to
an opposing end versus the radius, with a cross-section of the dimple, for a dimple of

20  the prior art to demonstrate the curvature discontinuity.

FIG. 16 is a combination of a graph of the distance from one end of a dimple to
an opposing end versus the radius, with a cross-section of the dimple, for a dimple of
the present invention to demonstrate the curvature continuity.

FIG. 17 is a graph of the lift coefficient versus Reynolds number.

25 FIG. 18 is graph of the drag coefficient versus Reynolds number.

Best Mode(s) For Carrying Out The Invention
As shown in FIGS. 1-3, a golf ball is generally designated 20. The golf



any suitable material. A preferred cover is conposed of a thernoset .

pol yuret hane material. However, those skilled in the pertinent art wll
recogni ze t hat her cover 5 nmaterials may be utilized w parting
fromthe s%%ﬁ’é” ‘%?d spirit of the present invention. The%&&%&gﬁ 20 may
have a finish of a basecoat and/or top coat. The golf ball 20 has a surface
22. The golf ball 20 also has an equator 24 dividing the golf ball 20 into
a first henitsfimaydeagwarpiecs osetharecidse gblf balbr Rurtber, the: three-piece gelf balgpay s

| ocat ed ni nety degre al on ngi N re fr .24 in the
10 first heﬁi%f)ﬁ@'ggmg yeerrsagsggﬂhgpoF'&q%fr‘i S ﬁ%gggtrtoggm r#oﬁa;ﬁﬁg%a é’gs al ong a
| ongi t udi nal ang'sGitabled raateiidle Aqstefeired covér ik Borhpused eathemivettippusstian@8. On the

surface 22, in both hem stghere_s 26 and 28, are 382 dinp)]es partitioned
into seven dntterale Howewsrcthote skilled indhe portipent art willrecognizg;thas olier everr o t he

most numey o | it Wi : g t ivit SEiPbRsent N t he
preferrg?etr%%tgﬁérlmgﬁltgfﬁ%&@ szié%lﬂgdgéﬁr&o |%Isg‘gbe3a¥3ﬁgéletthgpir)1ex'tn nost
numer ous di nipvemion.ofikes gilf bajl 20fmayrtave & finish ofi biiseqobtand/ontapidoatd set of di npl es

38 and a fourth get LApl es 4 e i he s{_nuner ous, W th each set
38 and 40 consis ergﬁﬁ&’laﬂ{zggﬁ%ﬁ 2 ﬁ°]?ﬁf§i%9§?%$arsé’ﬂeq'éaﬁ°5§3i ment. A
fifth set ofgigid!tRSgdtPbalDd idto%ifirthemibh@é 26/ i ®Sorithediihtrd 28 NAirst1OSt
nunerous W th each set 42 and 44 consisting of ten dinples in the preferred

20 enbodi menpole s lenated minstysdegress alangwlopeitudinal g fom the equator ¢4 inghe di npl es. -
In a prefgr rﬁdt ef %QJEF'E%M ’selz@a% rﬁ%fe%ﬂk @%ﬁém s:g(au, sfa%ng%ﬁ"o/%giq{ud urface
22 of th goﬁskbap. he™ two di €S 0 e seven set 0 nples 46 are
each di sposefiofiithe egqaftor24 inghe secdrelheisphere 282. Each of the fifth set of

di nples 42 is adjacent one_of the seventh set qf Iples 46...The five
dinpl es of the fOR thysudqee ’laibﬁﬁbﬁ\sgnsﬂg“fsr%ﬁsa“&rzg’H?S%EWFW?W‘H“ e 25
first hem sphgs &vabdifibRnCREdf piaual fildi st SMAples Mk AR BokAlBérods? and the,
first pole 30. The five dinples of the fifth set of dinples 42 that are

di sposed wi t dimplesicensistiog nfitwosmidesg trwenty digiplasdn the preferredembadiment tAnce from .

t he equatpor 24 d I ' and 46
hecount 1or SR it mBRE ORI R oxtifont iG55 ARG pitisBREOE G- SUC
PCT/ US00/ 254Réhdredalihples| A tiafdl setofalimples 38artdiadourt sehoftlimples 40 arettheeneiki f t h set

of dinples 4r%osl‘>tsnuxsngr%\lqg letg eaFJh%et 388 and 40 consisting of twenty dimples in the preferred

embodiment. A fifth set of dimples 42 and a sixth set of dimples 44 are the next most

=

numerous with each set 42 and 44 consisting of ten dimples in the preferred
20 embodiment. The seventh set of dimples 46 consist of only two dimples. In a preferred
embodiment, the 382 dimples account for 86% of the surface 22 of the golf ball.

- The two dimples of the seventh set of dimples 46 are each disposed on respective
poles 30 and 32. Each of the fifth set of dimples 42 is adjacent one of the seventh set of
dimples 46. The five dimples of the fifth set of dimples 42 that are disposed within the

25  first hemisphere 26 are each an equal distance from the equator 24 and the first pole 30.
The five dimples of the fifth set of dimples 42 that are disposed within the second
hemisphere 28 are each an equal distance from the equator 24 and the second pole 32.
These polar dimples 42 and 46 account for approximately 2% of the surface 22 of the




The radjus Rs of the dinple 42 is approximately 0.0720 inches, the chord
depth C5 is approximately 0.0054 inches, the entry angle 0, is
approximately 15.7 degrees, and the 5 entry radius ER, is_approxipmately
0. 0336 i NCWe81968 | ke the use of the term™entry radi us"‘cré‘ﬁ)”"%%ﬁ“e radi us"
in the prior art, the entry radius as defined herein is a value wutilized
i n conjunction with the entry angle to delimt the concave and convex
segnments  of gdifwaiitionpl e contour. The first and second derivatives of the
two Bezier curves are forced to be equal at_ this point de,f;tg?(g by the

T

entry radius andAtdsessspgtiop ofdimple ofdh t of dimples 42 igsshoyyp n ss-section
of a dinple e Ig*(;% 0726 ishQ Ve | hé&th &0is  The
radi us R, of?{‘%}éﬁ‘ﬁfféﬁ?‘@ﬂ%@“?’?%&? XI na?glf;ﬁg?gmo %Mf}?:hﬁebég ﬁtlhe %ﬁord dept h

C, is approxpi@ishtidy®.0034 tchaigihe entryt gled) is approriglatel] 5.7 depagmsyandithent el y
13.4 degrees, and the entry radius ER s apﬁl{o i matle y 0.Q336 inches. 15
The ten df npemsey radiug BR; is prarpximately (k0336 trshess Un ‘é@'c'&?ﬁﬁ the germa, BN i mat el y 3%

of  the SUr 45622 Qliod RRa0Gh it ar?the cHiP 5 A B PeS XU st

of dinples 4 | Spose in the first hem sphere 26 are each an
equal di st angtliZed @necnjunctiumieitinthe ertry anpld t¢ dadinfif the conpoieand Convehsegirients di npl es
of the sixth set _of dinples_44_that, are gi sposed . wi thig.t.he second

heni spher e 28fth dimplg¢puigur. Jhe firstand seoppd der m?ﬁgwgiﬁ%gﬁ?acﬁeﬁfeand t he

second pol e Rg.c4hb BOequafit MhiPpoikt¥RfiSidthy Ihediitry MidniliabP R enthparigie, aditasant to
t hree differenet setes of disr)rif)(?les 34, %6 anglry40. A cross-section of a dinple

of the sil&t hinddG. dA. di nples 44 is shown in FIG 9. The radius R6 of the

di nple 44 is appgoxi mat el .09 khch t he '

appr oxi mat ely 0 DOSTF HBYel e $RER of HF I ngsa s i MIPhou HO 10, )
degr ees, andThd@didsRO6E thy dindit 465s Eipforimataly 0510 iehes| the Chddd@8&pth Geises. The
extraordinarily large dianeter of each of the sixth set of dimles 44

al'l ows for tippresinatalyrQ0043 inches, the satey angled isppporimately 14t degrees R tks n of the
present invention. Th,S. S €Q r . ventional thinking that teaches
t hat di npl ese’WYtrﬂdl 18Py Lr?eg{egr@é/m\r%gtﬂ'fig&brovi de for greater surface

coverage1s8 WO OfielSr impReiof tHeGxitsetddimples 44odccdunefol epprodimstely 396 ofli npl es 40

are adjacent to at | east one of t | xt.h set .of di es..44 wenty
o oL oL b S B e B PR o

are disposed within the first hemisphere 26 are each an equal distance from the equator

24 and the first pole 30. The five dimples of the sixth set of dimples 44 that are

disposed within the second hemisphere 28 are each an equal distance from the equator
20 24 and the second pole 32. Also, each of the sixth set of dimples 44 is adjacent to three
different sets of dimples 34, 36 and 40.

A cross-section of a dimple of the sixth set of dimples 44 is shown in FIG.9. The
radius R, of the dimple 44 is approximately 0.0930 inches, the chord depth C is
approximately 0.0051 inches, the entry angle 6, is approximately 15.2 degrees, and the

25  entry radius ER,is approximately 0.0333 inches. The extraordinarily large diameter of
each of the sixth set of dimples 44 allows for the extraordinary surface coverage of the
dimple pattern of the preserit invention. This is contrary to conventional thinking that

teaches that dimples with smaller diameters would provide for greater sutface coverage.



2. 7% of the surface 22 of the golf ball 20. The ten dinples of the fourth .
set of dinples 40 that are disposed within the first hem sphere 26 are
each an eﬁ,ual di stance fromthe 5 equator 24 and the first pole 30. The ten
di mpl es oANA%/urth set of dinples 40 that are di spoSSdFURPEHM ¢ he
second hem sphere 28 are each an equal distance fromthe equator 24 and
the second pole 32. Also, each of the fourth. set of dinples 40 is

adj acent to thr &d afitlief fonsinget gbdimples 40 iargpidpee 6 at3dhstond of the siktlesedsf - sect i on.

of .a dinple ,0of .th urth set of dimles 40 J 5ho in FIG .7. 10 The
radi us R4 of “PRiES ‘Eﬁ ﬁ%? éweﬂ,y ﬁﬁgtp%ﬁﬁ?ﬁlgﬁmgptjﬁrgé@s RONEAPPEIMEENE -  dept h
CA is appr @xiost @k Yuricd 9D 3f the §HEBall 20)The Bin'dimpledbhObuith satRPainglemt el y

15.2 degrees, and the entry radius ER4 is approxi mtely 0.0358 inches. All
of the third03kat axgrdisppspdwithimthe Sirss hemispless 26 are eagh ap egenl distracesffomithe si xt h

set of [ . ﬁr&ﬁﬂ [ -0 | s 38 cover
appr oxi mgit gﬁéﬁigﬁ%ag&ﬂgef t _ei%gl??f’lgigtlta&zs(gﬁélfeg ?ﬁé‘égdé‘f‘ﬂ sgg)?fiﬂ%gs he 't en

ﬁi npl eﬁ of hfeal% isposeddwitleh thefseabindhemispiiie 28 inabadx{aﬁedu&l ' ﬂis&gchﬂd;xﬂhimdt[lﬁ f]ic_rstt
em sphere are each an‘equ i stance frqom the equator . an e firs
pol e 30. Thé‘l‘f"é‘?fe?éiﬁ?g! ngﬁ% ﬁh' _ "?P’E*’é’f‘°6a‘°é?‘-ﬁg‘is§'_s&3‘8‘ni’lﬁ%‘?o ¥re disposed
Wi thin the ggaanid 18R IFNELE setdoflifpRass) 38Anggual di stance fromthe equator
24 and the second pole 32. Also, each of the fourth set of dinples 38 is

adj acent to 20 #wress-sdétionef e dimpleofthe fourthsetl of dinfples 49ds showndo FIG, 7.

Cross-segt i of .a 4l npl e.0f. the third set di pl gs 38.is wn in FIG
6. The qﬁadﬁglg rﬁusol?‘ eedc*lxlg 1r°rlﬁl4§mo@ﬂ%‘"ﬁ%%‘?’(?%%ﬂ%%ﬁ/%?ﬁ%dle%tgggés, the chord
depth C3 is ap@ﬂﬁh%éﬁ&b@ﬁﬂin&xe@,%eﬂh@%@ﬁ& isPpRRfntatel? 1SID Bediksi Ahd the

approxi mately 15.3 degrees, and the  entry radius: ER3 is approximtely

0. 0344 i nchentry pgiuFER, isapprexineptely 0:038hinghesi npl es. of the first set of
dinmples 34 are t st . L0f | f it | Lherent ts.of dinples 34-46
due to their nu qgorf?ﬁ)esflhzr%k%ﬁdaﬁ{pbﬁeggebﬁagenatdjaggmﬁgetlgaﬁf&gggﬁ?f'xg? se?ﬁgpgolf “bal |
20. The two-dithples 4] Theverdnyy diinplek 6fthe thifdset ofldimples 3edover apgioxjihatelty34 cover

approxi mately 53% of the_suffac f. the golf b 0. 9 01/ 19465
PCT/ USO 2513832 ofrihe syrface ﬂiﬂ%‘&"éa&f Eﬁl il Hﬁlﬁfeég“ﬁ?leﬁjéiq‘ﬁlfé Fefgg\g"&%escﬁgnpl es 32
that are di %ma@chiéyo.txéaiwmﬁmmmi&thahisﬁmh efthah elabdidlafRABGAten € Lher a

first row 80 and a second row 82 above the .
equator 24 and the first pole 30. The ten dimples of the third set of dimples 38 that are

disposed within the second hemisphere 28 are each an equal distance from the__e_:quator
24 and the second pole 32. Also, each of the fourth set of dimples 38 is adjacent to

20 three different sets of dimples 34, 36 and 40. |

A cross-section of a dimple of the third set of dimple:s. 38 is shown in FIG. 6. The

radius R, of the dimple 38 is approximately 0.074 inches} the chord depth C, is
approximately 0.0053 inches, the entry angle 0, is approxiniately 15.3 degrees, and the
entry radius ER, is appfoximately 0.0344 inches. o

25 The two-hundred twenty dimples of the first set of dimples 34 are the most
influential of the different sets of dimples 34-46 due to their humber, size and
placement on the surface 22 of the golf ball 20. The two-himdred twenty dimples of the
first set of dimples 34 cover approximately 53% of the surfgce 22 of the golf ball 20.



equator, 24, or a pseudo-star configuration 84 about the first pole 30 that
Is best illustrated in FIG 3. Simlarly, the one-hundred ten dinples of
the first set of dinples 5 34 that are disposed within the second

hem spher ewd8®1/t9465 di sposed in either a first row 90 and®PCEEEHH4M r ow 92
bel ow t he equator 24, or a pseudo-star configuration 94, not shown, about
the second pole 32, not shown. A cross-section of a dinple of the first set
of dinples 34pd SheAWRdkdh ditk i 10t abd\@spbseWhiB thel S

appr oxi mat el 3%&08343{%%c@e@#ﬁﬁﬁt&%@?&sﬁgﬁdiﬁa&%12&10 a%%rsoxi mat el y 0. 0053
i nches, the @inthsmisplgre26re dispasphineitheratfieit yow 80 1dpegeand sow dAebavadhe ent ry

radius ER is appr.oxi matel . 03 i pC T e- i pl es of the
second set of"q‘ﬁpﬁﬁﬁ?’e%a éeugg'épaf ﬁﬁ@%’%@@omgﬁ?ﬁué’ﬁgﬂ%@ﬁ $ ?ér‘?{emdi fferent
sets of di npkiRSwradt BFIGUE Sitnilahgithe dheHasdred t6h dinphe3@f the finst eerifi dingplest he

surface 22 of the golf ball 20. The one-hundred djnples of the second 15
set of di fipl 84 timbare dispesed pithinthaneeqnd\remisphers 2§ %%ﬁqsrlg@eel@? a&fmtfﬂ%f gol f

Gt 20 36430 and DASkDEw ARl BE el 8, ofh (RGPt doRbT 935RANC SEX, O

di npl es 36 cover over approxim e surface 22 o e gol f ball
20. The fi ft yhotn)pbonsthekecohdpols 82, mntkhewh. of di npl es 36 that are di sposed

within the first hem sphere, 26 are di sposed,_.in either a thj r 86 above
the equator, a s@CBUSHEAR %&“P&?fg’ﬁaﬁit s?tﬁédlfrfp?eéééb%ﬁh@wﬁ(ﬁ“g@%%%ﬂ ong a
transition | %:ﬂﬁ%ﬁ@% d%ngxﬂé 94is 4BproxinditelyPd 6854 iﬁchﬁs, fefchoradiepmicess of the

second set O that are di sposed wthin the second hem sphere 28
ar e di spaeedapproximiatelydy.0083 ifvhes) the @mtrPénglecd, nupplosinggeln i DB dégteesaanddizond

pent agon 102a, not, shown, abaqut t econd pole 32, or along a transition
| atitudinal PREBHUYER: 15 2ped ﬁ?@ﬁ?‘?%?ﬂr&gesa dinpl e of the second set of

dinples 36 is Sheyodelhufidra ditiplesthEREohd sk bEdiRB1es 86 bl thetieRDhEst 36 i S
approxi mately 0.079 inches, the chord depth C2 is approxi mately 0.0053
i nches, the erflentiahofthediferentsetswf dimplesatoylud ® theineumbessizeandl the entry

cach hem sphBPERDBr ShiE S e g ACRe pFEYID, 288 efiRbglro i tiElp bt & 14
PCT/ US00/ 85434 of fifrples 36 eoesl ispreximadly 2ZWeoffthersaifaidd of éegoti bald@8. Busand 82 of

the first hem sphere 26 and the first and sec I&? rov§ 90 and 92 of the
second henis g’@gﬁrshqeéo@mlgg 34jangsthe second set of dimples 36 cover over

approximately 75% of the surface 22 of the golf ball 20. The fifty dimples of the
second set of dimples 36 that are disposed within the first hemisphere 26 are disposed

in either a third row 86 above the equator, a second pentagon 102 about the first pole
20 30, or along a transition latitudinal region 70. Similarly, the fifty dimples of the second
set of dimples 36 that are disposed within the second hemisphere 28 are disposed in
either a third row 96 below the equator 24, a second pentagon 102a, not shown, about
the second pole 32, or along a transition latitudinal region 72.
A cross-section of a dimple of the second set of dimples 36 is shown in FIG. 5.
25  The radius R, of the dimple 36 is approximately 0.079 inches, the chord depth C, is
approximately 0.0053 inches, the entry angle 8, is approximately 15.1 degrees, and the
entry radius ER, is approximately 0.0315 inches.
As best illustrated in FIG. 1A, each hemisphere 26 and 28 begins with three rows
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the first set of dinples 34. The third row 86 of the first hem sphere 26
and the third row 96 of the second hem sphere 28 are conposed of the
second set of dinples 36. This 5 pattern of rows is utilized to achieve
greater sWYPIH463 ca coverage of the dinples on the gol PCHYFI254 However,
as nentioned previously, conventional teaching would dictate that
additional rows of snaller dianmeter dinples should be utilized to achieve
greater surframdhesquator2d Thedast abid seronrd rows (80 and 8 oEthefitst benmispheret26e pr esent

[ ti t [ t] f f | di 2int t [
08, - "The pertRgBR Fgetase 9 Bt estiot parispter el onprar | °0
pent agonal r@gifies stBa dinipks 345 T Mhird rdi 86 SIS fifdt Bddisthereld6Qing GRAREd Y € 32.

The pentagonal region 98 has five pentagons 100, 102, 104, 106 __and 108
expandi ng_ f r ¥hefithesecondshemisnhere 2§ aragompoged of thersaepnd setpf displesPa Thisnaa, 106a

and 108a gxp f . e . sists
of “the 1%+ e JraF SSuRAGIRGRE Gredfer sutfie ek ShveEEROME Bt i) D
second set ogolfiballi#0c SHOWeved, as eatidred prévivasly agaventional caciing tveulddictdwe fir st

set of dinples 34, The fourth_ peptagon_ 106 al consists Qf the first set
of dinples 3%atafditio F?‘Hsjbfreﬁ‘ﬂaélg‘cfﬁmi dirgples shoule tlljerdip pcyeve garates | g mpl es

34 and the sixHBe £84 cobrags Mbwéveft the dﬂ%?légﬁftem bihe PreSat fivehtidnitnflBBis20N
108" would include the frfth pentagon 108 and all di npl es di sposed between

the third rivemaovsofequildimples intorpentagonal egivn 98hdhe pemtapgoalatgione?f isn 98
all ows f t.he qgreat urface area of .the,ding a rn.of, the present
Mventi off Fre SER R, 28, A b poRaitelicabli 5o piPiuR L bR indl N

pent agonal r@gkaondBole 3DaThesbntapoieal fepfdnidsihusfivepentagois OLHI2ET04, 006 t he
greater pent agonal regli on 98" which _overlaps wth the transition

lati t udinal 08 exprydingdroguihe first pole 39-oigular penkagens s, 1Ps. 10fa.11A@2 di npl es
of the thir dangquf)ée:g:qa&ﬁbﬁsth co gig;%f 35 The skt Etgﬁﬁ'%o?qm doiRtsot udklsm@nd the

sixth set of dinp 4 are dispo wthint ansition latitudinal
regi ons 70 asetlofidimpieh d2.tThesedond pentagenil 02 consists of thyisecond 3¢ ofidinples 36t r ansi ti on

t he di np ttern of th resent .L.nvention .fraomihe, r 0. 82,..36, 90,
92 and ?@‘ﬁ@%ﬁ%ﬁgﬂgf"ﬂﬁg io(t)‘hge 03 s?itnogdg’ép = ié‘a?ﬁe %\ﬁrﬂ{'ﬁ%m?grogr%g?t I on '
| atitudi nal diepdonsists bfith¥ifirst6etQf dihiplaS4 PIHe Al ¥entkpdi3 108 cosisn of the fiestver a :

circttferencial area between 4Q to 60 |ongjtudi nal degree romthe
set of dimples 34 and t%e six81 set of d(x)mples 94. owever, the greater %ﬁL pentagon

108’ would include thé fifth pentagon 108 and all dimples disposed between the third
row 86 and the fifth pentagon 108. The pentagonal regidh 98 allows for the greater
20 - surface area of the dimple pattern of the present invention:.
FIG. 2B illustrates five triangles 130-138 that compose the pentagonal region 98.
‘Dashed line 140 illustrates the extent of the greater pentagonal region 98° which
overlaps with the transition latitudinal region 70.
As best illustrated in FIG. 1B, all of the dimples of the third set of dimples 38, the
25  fourth set of dimples 40 and the sixth set of dimples 44 are disposed within the
transition latitudinal regions 70 and 72. The transition latitudinal regions 70 and 72
transition the dimple pattern of the present invention from the rows 80, 82, 86, 90, 92
and 96 to the pentagdnal regions 98 and 98a. Each of the transition latitudinal regions
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equator .24 in their respective hem spheres 26 and 28. The first transition
| atitudinal region 70 has a polar boundary 120 at approxi mately 60

| ongi tudi nal degrees fromthe equator 24, and an equatorial boundary 122

at appr oxi WMx®9#630 | ongi t udi nal degrees 5 fromthe equaPoFUSW258t i ary,
the second transition latitudinal region 72 has a polar boundary 120a at

approxi mately 60 | ongitudi nal degrees fromthe equator 24, and an

equat ori al b@Q0rahT2/civPacirtmdpaiciak aembatyentd tb 60 pingindinahtegteey fromsthé r om t he

equator 24. FIGS,_ 11 and 12 jl]Justrate_the cross-sectiopns of dinples of
the prior ar £9uaikr a0 S rspechve-hemuspheres 26 and 23, Jhe gre ﬁ@&rﬁonsamuﬂaah has a
Cr 0SS- Sect i ORedadn ) iohs APbBr GokRddr 350 A3BprokiliatchPSRIohAMIHASL depfies frdh @8 One end
175 of the di rf%lgne 173% t he oﬁier engprgﬁ of thg di npl eeg%%. Mor e

preci sely, t leguater@dyandransquatdrial bemdasy 12778 approximatelyi 46dorgitidipal dsgewguial to the
radi us Rat either end 1 r J177.. Such a gol.f ball. 171.of f.he prior art
usual Iy has f@%@%ﬁ“&%%‘og’gﬁ%’g& ﬂé%sef:?f'r‘\icbﬁg?l M@?ﬁ'ﬁ% r?g‘%ﬂ? lﬁsg\Pgi or
roto-fini shi mguddaryCr20attap 60 haginRAaRPdephes Sorh fie: M6y 24; add &ur f ace of
the golf ball 171 ends and the dinple 173 begins. The golf ball 171a of
the prior ar€qusesigh bopndaryd 22 ot appreximaleln 4 lopgitndingl degesapBamdhe egpatar t her noset
pol yur et hane2gateri al which has greater durability than an iononer

mat eri al . However, the pol yurethane cover cannot be roto-finished to create
a snoot her 20 edpiGS. ThendiDillestratethe @bisasectivht of dimples efthelprialactsed in U. S.

Pat ent Nunber, 5,73 57, has created a dinple 173a that, has dual radius.
As il lustPat ékpwrwn%lé 113 the WM‘@H 11#8@ a %%?é‘S%F“P%aP ﬁémm% 193513&* ﬁ%s

different f rQ{E'sfaﬁél'adﬁfs,ﬁi”t,ﬁ@x’hoﬁé‘&xdllﬁ%fﬁ{e_dﬂﬁé‘ﬁﬁtﬁ‘ﬁfeotfiH%Teii@Pﬁl ofiiednsi ti on
points 18 la-b, the dinple 173a has a radius R2, and frompoints 181 a to

175a and 18#imple 1737 Moreptesiselysth¢ mdivg Boftheenter Hiofitheimplg g3 isadials R3

il lustrates desi.r r adi S&.mul at t Q-.f0.i d bal | .
Thi s creat esrtogt‘i-:1 8%?&“32??3&%%5%1{@?3&' $1{5$ atgﬁgbgll %Ioce%ﬂge@é’.%%ﬂgﬁ% Y in
FIGS. 13, 1gscdv¢]bﬁcaﬂpbsadldt&nl ” iédbﬁ:egﬁhfcrikl&hdt aﬂ’&iﬁsﬁﬁf 0 nbtbefuﬁﬁlﬁﬁ@mtcre:a?\aﬁnlt : on Eas
a contour 1 that i s unlike the contour_ of the prior art gol alls. The
di'npl es df  §mociksrdae ghasethpsphericahsyriace ofithe golgballi7d epds and st dimpledd3 pr esent

i nvention hagggi@s_conti nuous contour 199 with a changi ng

The golf ball 171a of the prior art shown in FIG. 12 usually has a cover composed
of a thermoset polyurethane material which has greater durability than an ionomer
material. However, the polyurethane cover cannot be roto-finished to create a smoother

20 edge. Therefore, the prior art, such as disclosed in U.S. Patent Number 5,735,757, has
created a dimple 173a that has a dual radius. As illustrated in FIG. 12, the center 179a
has a radius R2 that is different from that of either end 175a or 177a. Thus, between
transition points 181a-b, the dimple 173a has a radius R2, and from points 181a to 175a
and 181b to 1774, the dimple 173a has a radius R1. The radius R3 illustrates the

25  desired radius to simulate a roto-finished golf ball. This creates a discontinuous
contour for the dimple 173a.

As shown in FIGS, 13, 14, 14A and 14B, the golf ball 20 of the present invention
has a contour 199 that is unlike the contour of the prior art golf balls. The dimples of
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radius along the entire contour 199. The contour 199 begins at an edge 200a
and ends at anot her edge 200b. The contour 199 inflects at inflection

poi nts 202a and 202b. A dashed line 203 illustrates annular inflection of
the di npl ¥O194fe cont our 199 has a 5 bottom center 20FSHEPY2MHL dept h of
the dinple 40 is at its greatest depth. The golf ball 20 has a curvature
206 that matches the spherical surface 211 of the non-dinpled area of the
gol f bal | 20 thelgrdf bidi20ad the presentiimeintion kave heomtinrouswontour 124 witlea Sdging t he

golf ball over,.the dipple. 40. Th vat ur e of the 01}1(9 bal 0is
Qaual 1o t he T THeR B yire pongqE 197, e Bouto 98 Reses A odkr 008 Bt endanty 200p.
Thi s equal i t Yinbthertddge 26DbC TE Gotitork A99 Aifiécis BEinfleiléa pbind 2005arf 2008 Aedges 200a
and 200b allows for a snoboth transition of air into the dinple 40 during

the flight ofdashedlige P93 Hustrates gnnuiprdnfigctionefthe dimple 40 (Thegowaun 198 hgoa f bal |

50 duri it 1] ; 10 ) 0.
Redugir Inggt5 Le%gfté%%ﬁét?ﬂnzéﬁﬁlﬂe%?ﬂ ¢ Q%’%%ﬁ?%%%%g@ l%%%hs%gesa e’?ﬁ%p g.% g?(;:H g%o}tﬁui ty in
the air predall2@ has scurvdture 20Githatmatelges thesphéricglsurfade 21t of telnonddithple®0 whi ch
red th rati 15 of 1h bul ent boundary | r that | reat ed
educes e e il of e Sl btk SR o ™ ©
di npl es of t%l%l%v&%édi%gle%. F%Wio&&%%&g@%&@hﬁs of gol f

balI's of the prior art is best illustrated in 16. As shown in
FIG 15 for &ouotoul 199adthediniplapt eack of the kdges 200atand 20Q). Thisequality in thee cont our

has a di,qconti nui at .the transitiqn ROi . ra as _shown in

PG 16, The BRP 48 gedirah Ao o R ikt 200 ani 088 Mot el for 't he
entire cont oufandtibhofuiniankhedimpletoating the Mgt bethe @bIf bA1L20]I THY #ir ptéssuré! t hough
the dinple 40 i s shown as an exa npst, or. al t he other_ dinples on

| e, npDSst. | “of
a gol f ball zemzﬁmﬂ%%gﬂfb?éb?ﬂd‘ﬁfﬁggtﬁﬁf@ﬁlsﬁﬁ'\?@%Y@Fﬁﬁ(‘)f}t‘&F18%ﬁf‘i?ﬁhd111§§°. The

contour 199 f?ltkath b POEre AR s h AR ' ints .
202a and ZOgg?leﬁu as ggfﬁ\e;‘fe“?ﬁ‘ﬁg’o‘ﬁ?‘eﬁﬁgﬁ’%Oa to Fgrll\?i g‘é‘ﬁ%‘hﬁgﬁnﬁ%%za and

from i nfl ect ipoessyodistributién dGi2g thedflightmé RPN ball B6 whishreducestbOsephratiore di npl es
navi ng. t e OF gbRISE Soludiheflger 48 'y il Ik gt al 8 B8 RERS T Ut D5
wherein P(t) areThediffefehadstih tomoudeds dimples pHihe p6if ball 200sfithe préentiaventisn and
concave - and dimples of golf balls of the prior art is best illustrated in FIGS. 15 and 16. As
shown in FIG. 15 for a dual radius dimple (similar to that of FIG. 12), the contour has a
discontinuity at the transition points. In contrast, as shown in FIG. 16, the contour 199
20  of the present invention is continuous for the entire contour with a peak at the bottom
center of the dimple 40. Although the dimple 40 is shown as an example, most or all of
the other dimples on a golf ball 20 of the present invention have a similar contour 199.
The contour 199 may be characterized as a concave between inflection points 202a and
202b, and as convex from edge 200a to inflection point 2022 and from inflection point
25  202b to edge 200b.
The contour 199 of the dimples 40 of the present invention are based on a fifth
degree Bézier polynomial having the formula:
P() =3 Bip,i(t) O#1#]
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portions of the dinple cross section, the Bezier blending function is
Jn,i(t) = ( ni )ti (I-t) and nis equal to the degree of the defining
Bezi er bl ending function, which for the 5 present inventjon referably
five. t i sWROYIMSHetric coordinate normal to the axis of PCYE i’lz%?‘fon of the
dinple. Bi is the value of the ith vertex of defining the polygon, and i =
n+ 1. Anore detailed description of the Bezier polynomal utilized in the
present i nvagtersdP(/rars the phramietticidefitdhg it for badh the @meext sndEanca@nput er

G aphics, Second Edition, McGawH |l , lLnc,, Dayid.F.. Rogers and J. Al an
Adans, pages PoEBRSeEthe dimplscrossgecto th%?@lﬁ%?eﬁe’&g\é’w ™ by reference. For
the present invention, the equatipnnﬁt)dgfh{)}i gpthe di npl e cross sectional
shape requires the location of the édges 200a and 200b, the inflection

poi nts 202a and #i9&jval to thealepuoe vhithe definingrBézizn blending finetiop, whigh &orh®  t he

radi us of the golf bal.l Rba t he radi us of . the.dinpl " ntry
radi us RE’ tl%g%ﬁﬁﬁvﬂl'&?‘blsg’fﬁ‘#ﬁbéy B /o RERHpERe ﬁadxg%ngorﬁﬁ@oé eoargc‘?fo 5 depth
C. This inforgguitn ojiHe@iplt OB; & AR vaRBloOhe ith Iortexiof UMLK 0 belyddh, i e
designed to be continuous throughout the dinple 40. In constructing the

contour 199, =tm 1. Acwereidstaileddesstintign ofthe Bésier polynpmishutilized ingthe peseBhsi s of

the contour 199. ..Th i . bl . Py i LG fr he edge 200a
to the infl eéPYegﬁgrb%iS%tth%'f;M J\’/\‘/ﬂ%zcgﬁlﬁenat e f’%}e‘ﬁ;st eg (’ﬁy ’s%g??#tdi nuity in
t he curvat ur egditivat McSsaw-Hill, oo Ddvial. Rpgérs el JaAtem Adtaimsf pa@es 288+305 wiliels  and

tangent. The second ,bridge curve 222 is overlaid fromthe inflection point
202a to tWe 1768 heaFRYd atethDly TERFRBCGt t achnment of the bridge curves 220 and

222 at the inflgg} ih@?re@éﬂt %vgx?t%%ﬁh@Enﬁtﬁﬁ@nsfd@ﬁmﬁgﬂie\dﬁhﬁ@%sﬁecﬁdﬁﬁ sBisdevat ur e

and controls the contour : e dimensions of the curvature at the
bot t om cent erre@fets the dasatiamefithy eiges 208a awiR08byrthe Bflectiph poistsFea &d 208 cont our

199 may be refipned usi he par amet ri 5 si] ro I labl e at
cach of the OPY PRETEGRE s el S BAE el MRERTr FEINLPLE B
tuning of theahsliaipk K] thelatrdtadins R, Afe Oyvanga bl thgbdtdngenter 204 awithy etiowd € pol es
on each end of the bri g%e curves 220 and 222, Fl G%41i? l?lf‘i uskr%es he lift
coef i ci ekt olepth GolThis ripymation ailqvrs forfae eaniqyr A9 ofithedimptsrd0 19 2° 45859 19465
PCT/ US007 28438 e bl HiBheHo RO A 40 3 BAtrking BERAHSA 109, tbige Ti L1 el st

associative bridge curves are prepared as the basis of the contour 199. The first bridge

curve 220 is overlaid from the edge 200a to the inflection point 202a which eliminates
the step discontinuity in the curvature that results from having true arcs point

20  continuous and tangent. The second bridge curve 222 is overlaid from the inflection
point 202a to the bottom center 204. The attachment of the bridge curves 220 and 222
at the inflection point 202a allows for equivalence of the curvature and controls the
contour 199. The dimensions of the curvature at the bottom center 204 also controls
the contour 199. The shape of the contour 199 may be refined using the parametric

25  stiffness controls available at each of the bridge curve 220 and 222. The controls allow
for the fine tuning of the shape of the dimple 40 by scaling tangent and curvature poles
on each end of the bridge curves 220 and 222,

FIG. 17 illustrates the lift coefficient of a golf ball 20 with the dimple pattern of

14



Titlelist TOUR PRESTI CGE, the Maxfli REVOLUTION and the Maxfli HT URETHANE,
FIG 18 illustrates the drag coefficient of a golf ball 20 with the dinple
pattern M&ﬁgﬁ% esent invention thereon as conpared to the Titlelist
PROFESSI , he Titlelist TOUR PRESTIGE, the Maxfli HRE(EMAN and the
Maxfli HT URETHANE. All of the golf balls for the conparison test,
including the golf ball 20 wth the dinple pattern of the present

i nvent i on, Hhepresent ventiondberganl ag gomparedhio theVidelist PROFESSIGNAL)the 20 with t he

di npl e pattey. LNy ent. t uct.ed et forth in
U.S. Patent eﬁﬁ%%&ﬁ%%%%@@b@%ﬁ@@@@@ﬂé‘e MeHH T ¢ Ball Wih A
10 Pol yur et TARETRANE. FIGI Ihillpsfatds fie dragdevetiicieht 6f @i1Ehl 20RGEH RO DY
reference. The aerodynanics qof the dinple pattern of the present invention

provi des a dialigmaf theRresep)ipypntion thegor axcompatedie the diiflelisy ESSIAYALat o a
golf ballg 2 il TOER L RIENVESL —P@J Jigrof simlar
constructsi ogls@ﬁ}?fﬁh%thi S rgggrsg{(ﬁ?#g%u%s of GI?) , ag%gif%ve lb@"rthe Uni ted
St ates CGol f URETHANE. All of tHe golfbalifoy the cdmpirisoivtegt inchrdthgAhegadfball@al f Cl ub of
Saint Andrews,, Limts the inifial velocity of olf ball to 250 feet
(76, 2 per it direile b, dhe Fesepbigvertion hegr o e alonebrs coms | ni ¢ al
velocity of RRoRdall 20Rihdhe ﬁﬂﬂléﬂ%&e@%ﬁﬂﬁ?}es&ﬂt%&ﬁﬁ&W&ccgﬁﬂlcﬂéﬁrag?et( 256m)

[

plus a six percent tolerance for "a total stance of 296.8 yards (the six
percent t ol dprhieUPalatent Nusber 6417024 fled opduly @1 1999 AoraGplf Ball WidlsAr i pt i on

of the 2 I h b, pagge at . usga. org.
Thus, th@ ﬁhﬁ%ﬁéﬁﬁm\% og’gﬂ}?c a%%h%e\ig#%s%%ﬁ%%gwggﬁpg\fﬁ%d %o’%%r%lﬁ?'l st not
exceed t heseetddghdmics of the diepld mtternf therprestit ibveatidprosideda dredtér. liffers ef or e,
the golf ball 20 ould have di npl e pattern that enables the golf ball
20 to neet, AFEFUH }l&%‘gﬂ,“af’ gtgg%)tpmgpgﬁmggo fhat wegvelsm gyeater o ce than :
PCTNS00! 254341f Yall®bfBmilar OndRkfional | having a surface thereon, the golf
ball conprising: a pluralit di npl es di sposed on the surface, wherein

of
each of the pl dnthis legarda‘thdé@$ eisGel gpproved byt theUypited-StafenGealf Assodiatioiy e
di ametri l%al l(yUQGRG)Sdn'agfhte Ik%ygl' and E\ncient Golf Club of Saint Andrews, limits the initial

velocity of a golf ball to 250 feet (76.2m) per second (a two percent maximum

tolerance allows for an initial velocity of 255 per second) and the overall distance to
280 yards (256m) plus a six percent tolerance for a total dis_tance 0f 296.8 yards (the six
percent tolerance may be lowered to four percent). A complete description of the
20  Rules of Golf are available on the USGA web page at www.usga.org. Thus, the initial -
~ velocity and overall distance of a golf ball must not exceed these limits in order to
conform to the Rules of Golf. Therefore, the golf ball 20 should have a dimple pattern
that enables the golf ball 20 to meet, yet not exceed, these limits.

25
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5 edge, and a radius of curvature of a contour of each of the plurality of
dinples is continuous along the entire contour fromthe first edge to the
second edge. 2. The golf ball according to claim1l wherein th di us of
curvat ure W@ OVI¥d6Scont our at the first edge is equal to”[q:}‘él’s(?ﬁ?{fg“[ ure of a
sphere of the golf ball. 10 3. The golf ball according to claim1l wherein
the contour of each of the dinples is convex fromthe first edge to a
first inflection point and fromthe seCleind edge to a second inflection

point, and the contour is concave between the first inflection point and
the second idfl ecf‘i&??ffbﬁ%ihﬁ‘f“?gai@eaﬂe‘%qfﬁ%n’(f}m@ﬁl?é‘l FOraRIEHedi ng to claim 3

wherein the convex an AV dBSHdS BSsedfon tle\armileWheineiehadale defined by
the fol | owi ng equatioﬁ?ﬁg‘%‘?"z B S Bec on e el e e L) (ni )i

(1-t)"'" 20 plurality efydirples basct firteedge anidiasesond adgei diamefrically opposing | f bal
according _to ¢laim1l ergin the radius o urvat yr e of int of the
cont our f Pomes8h Bt %ﬁ#@éﬁfw © PO ﬁ%?g%éb%f%ﬁeﬁ%ﬁg?&@;g%@?ﬁgm any ot her
poi nt from thaihekd AHglRN ke doRtdilRorh itieHirstedgieto tFscfond Blige. gol f bal |

according to claim1 wherein the chord depth of the bottom center of each

dinple of the plurality of dinples is between 0.0045 i nch and 0.0060 i nch.

I I T T o Y I 1 P P . h
gol f | Ib:a: I :ac @Or Ej: ﬂ.’be %%}%qnaaig%}r?l%ﬁoeﬁhéﬁll\%egﬁé é’?%ﬁﬁﬁﬁﬁ%@%& %Iétiorzrxi)l l—sehas

an entry radigtihe fissheddeleeqmal to yhe caliatise 6ffa sphabofthapdlfbdlls bet ween 0. 020 and
0.050 inches. 8. The golf ball according to claim1l wherein the plurality
of dinmpld9 conprises: 5 a first plurality of dinples disposed on the

surface, each of {heodiFbatlaccorfihy flidilny1 Wherdlh fRlcRoR@Y eAtdl of tHeldibpleslisanet er ;
convex from the first edge to a first inflection point and from the second edge to a
second inflection point, and the contour is concave between the first inflection point
and the second inflection point.
15

4, The golf ball according to claim 3 wherein the convex and concave sections of
the dimple are each defined by the following equation:

P(f) =3 Bilp () 0#:1#1
wherein In i) = (") (10

20 nis equal to at least five, and i=n+ 1.

5. The golf ball according to claim 1 wherein the radius of curvature of each point
of the contour from a bottom center to the first edge is different from any other point
from the bottom center to the first edge.

25
6. The golf ball according to claim 1 wherein the chord depth of the bottom center

of each dimple of the plurality of dimples is between 00045 inch and 0.0060 inch.

/

R
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a second plurality of dinples disposed on the surface, each of the second .
plurality of dinples having a second dianeter, the second di aneter greater
than the fjrst ianeter; 10 a third plurality of dinples disposed on the
sur f ace, &L@ﬁlﬂgf&t he third plurality of dinples having ECT’H$‘£GSG?arret er,
the third diameter greater than the second dianeter; a fourth plurality of
di npl es di sposed on the surface, each of the fourth plurality of dinples
havi ng a fodrth Thegolftmall actdrding triditn whereih eachgrf deetphuralityaf dinfpdestiakr d = 15

di aneter; and fifth raljity of dinples . dj gposed th urface, each of
the fifth BteF=" 5’818‘5ﬁﬂeﬁbﬁ%éﬂ!‘fﬁ\??ﬁ’ggél‘?ﬂl?{Sﬁ’gmeaﬁﬁﬁz??nqe@@‘}mﬁeﬁ- di anet er
greater than the fourth dianeter; wherein the first, second , third,
fourth and fifth pluralities of dinples 20 cover at |east eighty percent

of the surféce ofhagnlf balaccasding to daimml whegein thephirnlity of dimpilesomprisdsai m 8
~wherein ¢he pluralit ' J Q | S a_sSiXx rality of
di npl es %i spgsed on %/%%Ltqul?g}g%g’?d@%ﬁr@#ﬁeﬁg%ex%ﬁgwpﬁfbg&p{e%f di rr%l es

havi ng a si xth dplarntityeof diriples avitigha fititaliasietsr; greater than the fifth 25
di aneter, wherein the first, second, third, fourth, fifth and sixth

pluralities of dinpl dsecqndpbyality of dimples disgesed op thesurfasey eashof te seaead sur f ace
of the golf ; ; o * 1 WO

01/ 10468  p iy okl faylde'd °€°“§o‘111}‘1°b‘i’1]ﬁ“§%’ otd %[r%telf glagrdinipe bt 10
plurality ofianetwepl es further - conprises at |east one seventh dinple

di sposegd, on the surfa the . .at ast ane seventh _di npl ving a seventh
di amet e?? t he sevent ﬁctg\ﬁr%?}é'f ] ?fjéieé’g&ﬁ‘glﬁp?ﬁgwtg?g‘fﬂaﬁ?’%ﬁe erein the
first, secopidralityofidimpleshuving a third Giametes] (5 thirld diahmdfenbrehteChardthe décahd €S and

the at 5 | eagst one seventh dinple cover at |east eighty-six percent of the
surface of $A®EEHIf ball. 11. A golf ball having a thernoset pol yurethane

cover with a surface Jf6heA0ralify i dimples disposed on the surface, each of the fourth
plurality of dimples having a fourth diameter, the fourth diameter greater than the third
15 diameter; and
a fifth plurality of dimples disposed on the surface, each of the fifth
plurality of dimples having a fifth diameter, the fifth diameter greater than the fourth

diameter;
wherein the first, second , third, fourth and fifth pluralities of dimples
20  cover at least eighty percent of the surface of the golf ball.

9. The golf ball according to claim 8 wherein the plurality of dimples further
comprises a sixth plurality of dimples disposed on the surface, each of the sixth
plurality of dimples having a sixth diameter, the sixth diameter greater than the fifth

25  diameter, wherein the first, second, third, fourth, fifth and sixth pluralities of dimplés
cover at least eighty-three percent of the surface of the golf ball.

* c L L] S *
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surface. of the thernoset pol yurethane cover coated with at | east a base
coat, the golf ball conprising: 10 a plurality of dinples disposed on the
surface, wherein each of the plurality of dinples has a first edge and a
second edg®¥OPAES rically opposing the first edge, and POBUSMUSAs of
curvature of a contour of each of the plurality of dinples is continuous
along the entire contour fromthe first edge to the second edge. 15 12. An

unfini shed god.f bﬂidgohaaﬂla&oaﬁngua%ﬁwdvﬁe&ﬁnﬁpfm 2liBAOHhSE @RRerCOVEr, the
C

cover having an uncoated surface, th onprising: a plurality of
di ff erent se?@nmse%ﬁtmﬁfé@eﬁﬁ%mlaﬁlwwedmebgalr&de ;ﬂma‘téﬁ@ﬁommahn each of

First odgo. St scRlifiiedes SO05 sy R ORR b Sl gl he © 1

plurality of wH&enﬂltlirrlﬁrsts sdcsnd; dﬁkﬂ; founh|ifthla@d gixthiPuralitiel bEJiAMRE @b the oM t he

first edggtothese ii mwrrert gt 111111121 111111 st 18
least one sev e cover at least eighty-six percent of the surface of the golf ball.

11. A golf ball having a thermoset polyurethane cover with a surface thereon, the
surface of the thermoset polyurethane cover coated with at least a base coat, the golf
ball comprising:

10 a plurality of dimples disposed on the surface, wherein each of the
plurality of dimples has a first edge and a second edge diametrically opposing the first
edge, and the radius of curvature of a contour of each of the plurality of dimples is

continuous along the entire contour from the first edge to the second edge.

15 12.  Anunfinished golf ball having an uncoated thermoset polyurethane cover, the
cover having an uncoated surface, the golf ball comprising:
a plurality of different sets of dimples disposed on the uncoated surface
wherein each of the dimples has a first edge and a second edge diametrically opposing
the first edge, and the radius of curvature of a contour of each of the plurality of

20  dimples is continuous along the entire contour from the first edge to the second edge.

I
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