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 golf ball
|l e pattern on its surface. More specifically, nt

ith di
;anen?i o:’fvggwe?f‘@s to a dinple pattern for a golf ball V\heré{%gg‘{éﬁﬁ i mpl 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 1800 fifihat golf balls wi th indented
surfaces flew better than those with snooth surfaces. Hand-hammered

gutta-percha gol f GSLUFBABLIRIMRLEYNAREHRYA TSR CAYIINETY860' 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 wth indentatédagal Kididmpl es) that flew better ad
nore accurately than golf balls with branbles. A G Spalding & Bros.,

pur chaséd t he U.Bhe presgnt inventianrelagrestte agokball withraagtimplepattem a icrurfapg) |

featuring the TAYL inples. Until.the 1970s,.the ORY_ hal | st
other gol f]t’llﬁ’éﬁ ?@C‘%‘??IEV’%WF%G@ H‘éfﬁntf%’ée]&?é (I’%gmb‘?r]e P?C?ger% e (’llfzbea%&gll] ér;i(g t he
sane patterf.n YiRoiR Radd HirvRdld &nfinuifhg (A ditryRadiug the WiiSctth SuihtaiadroN
pattern, split 1nto eight concentric straight |line rows, which was naned

after the nednterpoondactbe boftomwif the dimplegol 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
pattermgrvas invented in 1912 and wag,@gfRRE@G until the 1930's. 25 In the
1970"'s, di nple patterninnovati ons appeared fromthe major golf ball

manuf act urers. | Golf&F 3alifed perhats as wéniypaube d8¢1s thevgehbdsovitipmderted whi ch

MG LA NNATR T TR TN T WO
Pugh, ho""e"g&f bzhﬂi c%ufﬁat;et;ﬁﬁ&ap&fjat :}ea\é\{%}pﬂ'{e jlgé@é, aBQEbH%% i Pfambles
(bumps rather than dents) were in style from the late 1800’s to 1908. In 1908, an
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 1970’s, 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 Vernon Pugh, however, this pattern had



dimples lying on the equator of the golf ball which is typically the
parting line of the nold for the golf ball. Neverthel ess, the icosahedron
pattern has becone the dom nant pattern on golf balls to e late
1970s an®¥Q%Hé%1880' s t he mat hematici ans of the naj or golfpgg/}’?dogssﬂ

manuf acturers focused their intention on increasing the dinpled surface
area (the area covered by dinples) of a golf ball. The dinpled surface for
the ATTI pafihpled 1yd8d bn brldggatomefahapeif bl whichliytyp@dly the paninglinelsfshe t he

di npl ed surface area increased to greater than 60% of the surface of a
gol f bal | . nrlddorhe pplé hrll nNevRsthelers dhedgesehedrore paffermhasdoecemne thecdomipay o
over 70% U. ﬁ Pat egﬁtl??yung)ar 4,949,976 to WIIliam Gobush di scloses 10 a
gol f bal | RRHHAECH; ST ©%8verage with up to 422 dinples. The 1990's have

seen the di npl gy HERCS704 AR AE 2980’k HeQndthen£Q%ns o theagor doiEbalunber  of
different dinples on a golf ball surface has also increased with the

sur f ace 5ar evancifacturargdocuFedthalT Mitentiamn sy incighsing s dimpled pyrhace appatheraiean t h

only one size i mpl e. .The. nu f differen i

i ncreased, %VTrﬁSLHgggﬁﬁgfoif 8@8@%%&3@8@&@ Sudfaﬁ%?oertsﬂ){%ggg? %tgérlﬁrgléﬁ%?%sf erred
nunber of Qifefsfa‘fobﬁﬁimﬁﬁl@eﬁ)"/ﬁf Indh&POEBs, thé Emplddaufate Meaidereaded46 grdater Oka et
al., discloses a dinplé pattern with four different types of dinples on

surface wheha 60% ofithe-sdifage afch golff faklc ducthentucakelyangisnindpasgd dierdiopled  di npl e.

01 561 oses. ERBrCRCHIYer 10 it 5 v R Tber £847376 o PiRaR b M8 e s
i nvent ¢ a a@éﬁ%g%\%?&ﬁhmfaé@p%o%h&@%e Whatp ks JEirIEs THe 109k axensedh f f er ent

di anet ers. Year | I's, Antique Trade Books, page 189.
However, i nuediniplgsuiaep beapadakentoshe 8@% kovaragel pl e di nples for a golf ball

only has value if such a golf ball is co rcialized and .avail abl.e for the
typi cal gol fer tgeglumper %gg‘ff%’fe%‘gmﬁlﬁsocﬁ‘iarﬁﬂ baglaﬁuf%?%gasﬁgﬁ?énffgﬁsﬁgﬁvé@ed on

t he sectio : a6 8ga@hedr on

pat terns. U R e B o B B

havi ng pentsagafalimpler Mat nomdenvoftdifferanialpes of diviyegles infredsedpivehb threhdiferant U. S.

Pat ent Nunber 4,880,241 discloses a golf ball dinple patfern haying a
modi fi dd i dpResied diBplephecoryRg Wﬁ@?@?ﬁe%wherpfﬁgﬁwt %P%%é‘%m#é Mg al ong

the equat Ofpa &t %Iumber 4,463 to Oka et al., discloses a dimple pattern with four different types
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 only 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



WO 01/ 19465 PCT/ US00/ 25434 provide a dinple-free equator. To further
enhance aerodynam cs for the flight of a golf ball, the designs of the

di npl es have been studi ed and i nproved upon by the golf i or
exampl e, WeA'¥&hka et al., U.S. Patent Nunber 5,720,676 ngﬁ’g&&sft?‘ Bal | ,

di scl oses a cross 5 sectional area of each dinple that is equal 0.01 nm

bel ow t he di npl e edge. The dinples of the Shinobska patent have an

equi val ent %Qﬁ%-ﬁﬁﬁbjeq@e art his level since the edges of the dinples
above 0.01 nmm are rounded after painting thereby departin froma nmaster's
reverse di npl e phe fusther emlrmorhagrodsoaminsdor e Iﬂl*ﬁﬁafégoﬁb?llﬁg@esfigi’ts@ﬁth\lunber
4,840, 381, for a ,Glf Ball, .10 .and Yanmaqgi shi. e . t Nunber
5. 752, 889, fiBWPlE b D Edies, e P AR ,%%E?cé"rlﬁg?msﬂyi IR G

gentl e trangjiiiRmk¥arl, URe pedaeNRabé KTRoY76dachGoifFlledisdibses aldiessa and
Yamagi shi patents are particularly directed at a golf ball with a cover

conposed of seationadamawx eadt &imipkd thatvie equah 80 epm dglempibe dimplrgdegsnita et al . |

U. S. Patent Nunber. 5,906,551 for.a 15 Gol al | iC i havi n
di npl es on @‘I‘Fé’q%a‘?fttg"n IjosKR PatRlt DAY "ecgnvcﬁ’#n? Ke Ss'spe\ég?rll E%lg*"i%nfés a\iiselngen e%t ry
angl e that js egé@sa&f?ﬁe &i“?ksdcf-bm 691 hiRbredeumtild aftélgllod?ﬁtidgl'\:ﬁgerebﬁﬂéﬂaﬁ@lé i ne.

The use of a larger entry angle for parting |ine npl es in the Kasashi ma
patent is tfromgxnaster’s fegersy dimgile patteémot her exanpl e of entry angl es of
dinples is disclosed in Mya et « U.S. .20 Patent., Nugber , 924,
for a Golf Ball. M emvﬁﬁqﬁgﬁéh%lmés P %WPifq‘af‘@r%ﬁ : ﬁ)g_tam%@%ﬁg‘ and 20
degrees,4n %ﬁ(f?ﬁmi%slﬂreﬂ(ﬁ@. 4. PURLt REm8Er 4.2 90 Ror AUSEERPIcOBbId GofuBalL 0
repetitive hits. ot her 'exanple of manipul ation of the edge of a dinple is
di scl osed i Bothkd whidh disdlose algeStie Ratsiiin dventheredds BarBos f¢achalimpleGdlhe Bal | .

The Cka patent has a sharp 25 inclination for the dj e.wall surface to
i ncrease t hBhagpandnEamagishi @anisreparicyy, aﬁllffiﬁFegaF?gﬂifgggd‘ﬁﬁlaa @bl es edges

Bochm pat entBreer sasibe BREFAL (Vs “ionsiant depth for the entire
di npl e area. Essgeiirdlikey exdhifle 3¢ Kasauihia e0fil. tUNS. RitempNanafer 51966,551 for a
15  Golf Ball, which discloses having dimples on the parting line. The dimples on the
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 dimple 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 dimple area. Essentially, the side wall of the dimple of the



3 WD 01/19465 PCTI USOO 25434 Boehm patent is at a 90 degree angle to the
surface which should inprove resistance to hits with an iron. Al though
there are hundreds of published patents related to golf b i pl es,
there stMPYBEAY ns a need to inprove upon current dinpl eg#{'/blgﬁﬂﬂgéﬁl arly
for golf balls 5 with thernoset pol yurethane covers. Golf balls with

t her noset pol yuret hane covers such as the Maxfli REVOLUTION, the Maxfli HT,
the Titl ei spodAROFESSIIONA0 ddpeee ahiplel teitisd suffabiRwRiRE SHoHEimpradte tdsistdacarenger
RAM 420 all need to conpensate for the inherent properties of the

pol yur et hangtsrwitlean kbnwhi ch prevents the use of certain manufacturing

t echni ques avai l e t,0.covers c osed, of i s 10
rot o-fi ni shing. %‘%%%Teear? g“%&%r@cog%blf fhleg 8ig)trgo Feelérri?%l §J %&gﬁ%{ra{@ I us
desi gn suchpag stiflirsmhids @ AeédtolVRiptot@Mpon blsent Bahgted, phidizbrily For gt bablé.

However, there is still a need for a dinple designed to maximze the
aer odynani cwitlhtheamgssit polyatethane covess. t Gelf helbewith Bisrposce polansthany sovers 5

Di scl osure of the Invent] ese i i I OV | .di npl e
cr oss- sect | 9 ende MeglaUe PR IR et B ph BB R OEES SPONE ' 1
lift for gregiRl TOUR ARESTIGE NAd MSSI8Rho b RANL 41011 htd @bbEmpdhsae Eatat | sh
this by providing a continuous curvature for each of the dinples based on
a quintic Bahérent praferGeeofgbppayusthanhmateriebwhich ipraventsithsruse of gergpon f - bal |
having a surface thereon with a, plurality of dinples on the surface. The
contour of ‘é‘é’&‘?’faﬁf‘r“ﬂ%E’Cﬁqlﬂ%ﬁls@é’alilaé’?ec@ﬁf’?’?fﬁﬁﬂgposfepg)ﬁfoéquef g‘[apeé@%éq’u%}f d%ach of
the di np| es, i QRisARE0The QRRNBINS 0FYE5MOThiSHBBIR islaliRal HBUEAen Sl agONt OUT
at then‘?dl rsr'tortdejgglesﬁﬁlgyraglee equgle tg t he curligtftéuree lgf aasphlere 0 nthea gol f
bal | . The cdisaladedrie MdriyaamhUR. Pateat Nimpéres730aY5 T dlowves thdre ratilizenee r st
edge to a 25 first inflection pojnt and fromth seff%n@i edge,to a second

i nfl ection fo6RMmplgdgsigned tomaxinizg the 3rEgAypamcs ok agalt hat! nadhe hHENGSe ot

i nflection i [ second inflection point. The dinple contour nmay
be defined pr)é}hp%teﬁ?%ﬁ%\?\n ng equation: P(t) = 3 BiJn, i(t) O# t #1

15 Disclosure of the Invention
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 invent‘ion
is able to accomplish this by providing a continuous curvature for each of the dimples
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
golf ball. 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(f) =3 Bl i(t) O#1#1



4 WD 01/ 19465 PCTI USQQ 25434 wherein Jn,i(t) nis equal to at |east five,
and i = n + 1. The radius of each point froma bottomcenter to the first
edge may be different from any other point fromthe bottom/%g r.to the
first ed¥® M5, adi us may be greatest at the bottom cent®el” @2 frdt her
aspect of the present invention is a golf ball having a thernoset

pol yur et hane cover with a surface thereon. The surface of the thernoset

pol yur et ha%er&ﬁ\z{ﬁy(l)l &@'qa)mctt)m Ihisatudleast least Bsan@oats + The gol f ball has
a plurality of dinples onthe surface, and the contour of each of t he

di npl es i s TBenedinsiofeach point &ofn 3 battaseierntesfto ehechrst asize oy b@l‘hﬁ“ﬂé%t f@¥Ma second
d f h . of t Dr
PG 1" 2 s PaRY Som e RSP Bemipahs Bt ElasodrreniouPi gl or o°

the presenfepbovghtés. FIG 1Ais the viewof FIG 1 ill ustratl ng the rovvs
of dinples. 15 FIG 1B is the viewof FIG 1 illustrating the transition
regi on 6f di npl esnothdFlagpecpof the praseitanventionviscf gqlﬁb;allghﬂvmgtmuhpnmseﬂ G 1. FIG

2A is the vi FIG 2 i]Jlustrat]j cadl enta of dlrrples
FIG 2Bis H‘%@‘ 9‘}‘%% WVERY a?“’if?‘iedéffrg%ﬁ hrﬁ@ SPie ﬂ& erg}?é ?tHg pent agon
of  di npl es,Z0iskbifed RithSt Eaﬁ%l‘tﬁrse YR WIRE gd10BalBRdsta Ih@llalltyq;f ditfles &n the
illustrati ng i e star configuration. Cf is an enlarged cross-secti onal
vi ew of a diunfate and the dontomt oSech of tltdldmppks 1scﬁont1n¢mls¢@ltﬁaﬁeﬂt edgsf oftelaeh pr esent
invention. FIG 4A_ is an |soI ated cross- se tiopal. viewto illustrate the
defi ni ti on ¥fthe digplesgoaseeapdopapiiag edgeet e il%ft fdiIlS ged cross- secti onal
view of,,a dinple of a second set of dinples of the golf ball of the
present I nventi on.

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 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



FIG 6 is an enlarged cross-sectional viewof a dinple of a third set of
dinples 5 WO 01/ 19465 PCT/ US00/ 25434 of the golf ball of the present
invention, FIG 7 is an enlarged cross-sectional view of

fourth se"fo%ll{w(‘j‘?srrpl es of the golf ball of the present |nv(é“ij |062%41%I G 8is
an enl arged cross-sectional viewof a dinple of a fifth set of dinples 5
of the golf ball of the present invention. FIG 9 is an enlarged

cr oss- sect iggfigd golf &l sffthep@semlievenfion si xth set of dinples of the golf
ball of the present invention, FIG 10 is an enl ar(lged Clr 0Ss-se t|o Vi ew
of a dinple of £1§eWé‘iﬂmef§@€e<b‘Ff°S§j$eﬁbq>@§VWQ frredigpicr ofisfoprthy pet é%ent

i nventi on. éghe goq;fbajllloftﬁe regéncf?r?veﬁﬁ&ﬁ' onal view of a dinple of the prior

art. FIG a Cross-s onal” view of another dinple of the prior art.

FIG 13 is an i guGagesad @Pargtderovd-sotiofal aicthi ol dimple dfeefifph esefilimplesent i on.
FIG 14 is a cross-sectional side view of the dinple of FIG 13. FIG 14a
is a crédss ca‘éhngiﬁballeﬁthepwewn@rentlm dinple of FIG 13 illustrating the

15 entry angle S de view
of the dinple of r & T’S)er} ‘I“Igﬁ ‘f ?ﬁ ?eﬁFOI%an %‘E ad‘?lﬁlé)%cét}favse%ﬁ%ﬂeg éop%(g)nstruct
t he curvat Lgfeh@éolfgﬁlgftﬁpb@selﬁh,@enﬁ&,| S a conbination of a graph of the
di stance from one end | e an op posgég end versus the radius,

with a cross- sedeKbrhOGﬁ‘artWéaréqb IDG,S SeﬁmnaéV@Wrﬁfl wple @ serenthypgtef art to

denonstrate_th rvat ure discontin FIG 16 is a conbination of a
graph of tHiM® eétog #ﬁ%%ﬁl«e @ﬁﬁg Vgntbqnnpl e to an opposing end versus

the radipus, W thee, Q'i?§§c1%§§§écﬁ@n£’fwma@hﬂ%leﬁbftﬁ@?rl&di‘! nple of the
present invention to denonstrate the curvature continuity. FIG 17 is a

graph of the |ifRIGd2fifa cnoem!;ectxem&i vevwRefyanothdsdimpibef the p25r #.G. 18 is graph
gfjt t ?—ﬁed[ ﬁgeﬁ??f L %Tst anvgcr)lsat%ﬁ top lgucl) lvg:%v (g}uarg)mple 4] tﬁet prl\e/geql?gnsx)entllzgr{ Carrying
FIG. 14 is a cross-sectional side view of the dimple of FIG. 13.
FIG. 14a is 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



As shown in FIGS. 1-3, a golf ball is generally designated 20. The golf 6
\t;\DI Pl/ 1946‘\; PCT/ US00/ 25434 ball may be a two-piece or a three piece golf
all. Further, the three-piece golf ball nmay have a woun a
sol id bouMB&4H¥2ayer. The cover of the golf ball 20 may b CL@@S/?J% abl e
material. A preferred cover is conposed of a thernmpset polyurethane
material. However, those skilled in the pertinent art will recognize that

ot her coverpg} B BS i 8lepleay oPethidd pibcead] Mallh Rukthete firrthiengidee goiftbal nsyope
and spirit of the present invention. The golf ball 20 nmay have a finish of
a basecoat Ikavdaovoundgayesatr a sphié bgendarplaysr. %@eﬁager@f shergodiclalb) maybe g f

ball 20 al so has an _equator 24. dividing the | first

heni sphere %% séﬂﬁaﬁﬁ nlagg@i.dA?pé?ﬁegﬁckg}vgr D OROP f"lqi(r)(lsfq';al tg‘%(%}oes g)(ﬁ)ll)ﬁ%&fl%}:eat ed

ni nety degrgg&rial ANGvévet, ARG tskilied & thepertinemart Wal RasEi A thdbther cote 10 first
hem sphere 26. A second pole 32 is |ocated ninety degrees al ong

a
| ongi t udi nainateriels niaydrm uthized yithowrdeparting fromeths seapg @nf spiris phibe #T80t On t he

surface 22,.in both, hem res 26 and. 28, ane 382 di es rtitioned
into seven ’@ivf?t&neﬁhesgg’l@%g_ﬁod?ﬂé?aé’g .a(%}&lsﬁ"ior%tbageec?%o?‘dg?h% Ces%“34 are the
nost numerous g pLieEalEONRASE dutflcO2.t TRs SITBHIELD dl¥ERds\andiqi@bes4 i n the
preferred enbodinent. A 15 second set of dinples 36 are the next nost

ggmar gus ?i ﬂﬂgicﬁﬁg thergs}fﬁiallri@ intb adiret hemisphered? cdindpal sesondentisphgres2d HErHi npl es

and a fourth set of dinples 40 are the. t t it h h

35 and 40 cBr AT b e ABE IMEERBRLTETPY BH O T A
ifth s o] { a 1 t i t

nuner ougé Wi flf"ic'g lel'%glﬁs Izeerf.é1 39{2 I&‘fajsr? gm?ﬁ%%g Fss1 ?%frtlegﬂg?a% gﬁgl‘g?snﬁp(? Igésé ?ﬁg?ﬁgﬁ%?ﬁ erred

20 enbodi nefbm thbeqeeoredtih tisetecafd lebimigdhes: 286 consi st of only two di npl es.

In a preferred enbodinent, the 382 dinples a unt r. 86% of .t he,surface
22 of the gol f Palthe swﬁéeg%népmeégsniﬂr:@ﬁé agg\% rﬂrﬁ3£€iilnﬂ??es()d?ar%tlloé’§d46 are

each dis POSElo g ch %ﬁ?e,?&hisgt‘:s‘ o{ BRSSs. 30 ﬁ?s@getﬁ{jirg@%‘}@ﬁretﬂt{hem&tfﬂu%é&k of

dinpl es 42 I's” adjacent one o e sevent dimpl es 46. The five

di npl es of ffagpléd ddnbiseRt ofvodiumdtedswéitytdiapleairethdpsyfeseiembddimentt e 25
first hem sphere 26 are each an equal distance fromthe equator 24 and the
first pbfe S@ondwHef dinpleyqige dhe met mest mumerepsKimplss CORSIFN O ABe+ hat are

di sposed w Blr}rlu{}e& (ri]i?np ees(.:%ﬂlird set of dimples 38 and a fourth set of dimples 40 are the next
most numerous with each set 38 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



hem sphere 28 are each an equal distance fromthe equator 24 and the second
pole 32. These polar dinples 42 and 46 account for approximtely 2% of the
surface 22 of the 7 WO 01/19465 PCT/ US00/ 25434 gol f bal

cross-seXQOW%4S a dinple of the fifth set of dinples 42 E&@M“%"n FI G

8. The radius R5 of the dinple 42 is approximately 0.0720 inches, the
chord depth C5 is approximately 0.0054 inches, the entry angle 05 is
apprOX|natg*ﬂfggijb_degrees, and the 5 entry radius ER5 is approximtely
0.0336 inches. Unlike the use of the term"entry radius" or "edge radius"
in the prior arf, crosseseetinyof ardintiplesofake Gl pai@d dinenles 42 isshewn i TlE- But i | i zed

in conjunctjon with t ntr ngle to delim h

feg mé nts herpeiuy Rﬂﬁ?&'egibrﬁ?% é?_lsqaﬁ%o%l{ntage{ly %?ilgg oe(r%gt%g 2&#‘%\9 ?tggty gf%? Xt he
wo Bezi er r: t hSined I h
entry radiJ@Bgﬁﬁﬁ?ﬁgqéﬂygyﬁgﬁafg?gggﬁgﬁ%%%ﬁg%@HP%H%%%?H%2?E%%§?8§§?§§§tion
of a di spl ene¥ rhdiés ERY Brpprox@hatelfy 0033plisshed BJrilikesitouse off thefibtd “dfry The

radius R7 of the dinple 46 is approximately 0.0510 inches,.the chord depth
% i4$ . apprré&lnﬁa%reieﬂg‘t)r.adwé i} ﬁh@gé‘@{ ar, filge @Rbrpdizmas ‘éefg‘?d %%regb‘ﬁ RoRiYrat el yIO

: egrees.. a t he nt 1.y...radi i rOX| I I s. 15
The ten d mmedl gyCPwBPh Wby e b 3B EECARAR oAk RERTE, | 150,

of the surdragedigplOborith@. JDid filbednd s2ébnd Heeivatives oflihepive Béaler tireessdrat h set
of dinples 44 that are disposed within the first hem sphere 26 are each an

equal di st damed o berequabatethisaoin defiupddrydhe priry fadins apdhe eatry apglé. 45308 npl es
of the |x2h§§§t%£f dinples 44 that are disposed within the second
henlspH're 2 réteach an equal distance fromthe equator 20 24 and the

second pol e 32. A A30.ce &R DF ATdithHIE of thelsBveEt sc@bf dintfidése 4 4hdven RAFIECENt t O
three different sets of dinples 34, 36 and 40. A cross-section of a dinple

gf tlhe si xtThesradiuoR, of theldisple4iGiis apirovimalely -0 Ginciisethe cheliddepeC o6 t he
inmple 44 is approximately 0.0930 inches, the chord de Co6 is
appr oxi mat eppraximasly §-pR4feachesiBe gniry gnghs g i amor@aé%bﬁggiq’?ﬂeswni&%

O et Sy kbl 30y o1 Ll 10,0335 Inches. The
15 The ten dimples of the sixth set of dimples 44 account for approximately 3% of
the surface 22 of the golf ball 20. The five dimples of the sixth set of dimples 44 that
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 0, is approximately 15.2 degrees, and the
25  entry radius ERy is approximately 0.0333 inches. The extraordinarily large diameter of

cach of the sixth set of dimples 44 allows for the extraordinary surface coverage of the

dimple pattern of the present invention. This is contrary to conventional thinking that

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



each of the sixth set of dinples 44 allows for the extraordinary surface
coverage of the dinple pattern of the present invention. This is contrary
to conventional thinking that teaches that dinples with snaller dianmeters
woul d pr®Q YE9#6Sr greater surface coverage. 8 WO 01/ 19465PPEYPUESH 25434
Al'l of the fourth set of dinples 40 are adjacent to at |east one of the
sixth set of dinples 44. The twenty dinples of the fourth set of dinples

40 cover appr oxABt @l Yourth eV PAintph® Mkré ag8ced?td0dt IdaiCor@ffthddakth salof The ten
dinpl es of the fourth set of dinples 40 that are disposed within the first

hem sphere dmph:s g4 eﬁbehtvantyehumlesw ghediaueh fetofrdivhest bepyat anpredmghedy t he

first pole 3 e urth set. of are

di sposed w4 /"r?lzgﬁa %E%%Bﬁg‘ l&}i’&ﬁgo PR diples %\fntg%géglrﬁ ﬁcgsﬁ&én £t rom
the equat ofy B4 a’i‘@glsb&%d%ﬁﬂ{‘ﬁﬁeﬂﬁét%eﬁggph@ﬂe%@ ar€84eh affeqbdIQidtalee onsek Of
dinples 40 1s adjacent to three different sets of dinples 36, 38 and 44. A

cross- séct icgnatof 24ant ﬂxplfmstmbletﬂ)e T}miﬁm Hingides affthalfonphest Qf@hmBICSHQ\'FmtI n FIG
7. 10 The radjus R4 he di %8 §%£r0|mtel S? ﬁf thes t he
chord dept HrEAISPEe é(ﬁg\”b Mi\ 66“ 8% 487 each ap gualdisiance frgmahg, i

appr oxi mat r e I mat el
0. 0358 | nc‘ﬁéclglaé)Al2 fa gfg%eﬁg(ﬁ){nﬁ?)r%g; jsjgtAng%El?/r%ftgglfd?}gthg‘?g&aﬁ?%ggr?? )i% o at I>least

one of the &ljackh tsehreeﬂlffechmpétesfd;mpléﬁk% B8vemd 44.di npl es of the third set of

di npl es 38 cover approxj natel 8% of the surface 22 of t | f ball
20. The ten di n/b|cg§s-é$ctwﬁé>fﬁﬁlrmeie§ thedpurgh ?F&Oéélny%“ ‘f%atsh%%“&?%%?{sed

W thin e ﬂerrﬁélugﬁlmof%%ﬁﬁﬂ Q085 gpdﬁgﬁpues Og@@% ncﬂ% %%%r(f& M Ehg equator

24 and the ITs ten set of dihples 38
that are ddp%ﬁgéxﬁgtew 6.6092 hbRss@e eﬂ@y BT 8PRapoRBnaAdlS 182ckgRRs el dle

di stance fromthe edquator 24 and the second pole 32. Al so, each of the
fourth set @xftrydadnpisER4381ppB)xad§1talo’éh®35t80n<Z®Sthree different sets of dinples
34, 36 and 40.

e of t% third tofd | es 38

s shown in Fi G gf hedair F%&?H@@%&#ar{s RIAEETH q%"f?p? %{3 SR glejy 0. 074
I nches, they sdt4d‘?9é nvegt Jhﬁlpl@%Qﬂ&Wt‘hH@%&'dfd%ﬂ@??S Eaehg E%)rofﬂﬁﬁt&ﬁt ry angle
03 is appr oxi tely 15. egrees, and entry radius I's
appr oxilsat €3. Q%be(meﬂfshrfane b2 sf the golf ball 20 The ten dlmples of the third set of dimples 38

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

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 dimples 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 6, is approximately 15.3 degrees, and the
entry radius ER, is approximately 0.0344 inches.

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 number, size and
placement on the surface 22 of the golf ball 20. The two-hundred twenty dimples of the

first set of dimples 34 cover approximately 53% of the surface 22 of the golf ball 20.



25 The two-hundred twenty dinples of the first set of dinples 34 are the
m)ﬁ;t) influential of the different sets of dinples 34-46 due to their
nunber, size and placenent on the surface 22 of the golf ., The

t wo- hund MOV 1%8%% v di npl es of the first set of dinples 3158'@)8%%0%%434
approximately 53% of the surface 22 of the golf ball 20. 9 WO 01/19465
PCT/ US00/ 25434 The one-hundred ten dinples of the first set of dinples 34

that are dipRosRchuMdidd ten tingpled dffthé ﬁﬂesﬁt%phm;ﬂesZﬁ taﬂtelrdﬂispmédvﬁhm tict her a
first row 80 and a second row 82 above the uat or or azgéseudo st ar

g 0 nfS [ gulr at : foust lamnlamimt f}@ ps disposed 1p@lther3(j11§trfgw Osar@@sqeccpqq rqet $28he8e % FI G
i mi|ar 400 d 1t |
i %{5’8 \/\? ?a}.ﬁslﬁluéj%e[ar doi lﬁléira §1§ a ut Eh%;'ggtl io?é %@ﬁtat %f ' npl es 5 34

that are di € seco ere 1S ose in either a

first row 191Qstﬁﬂéh A ML NG irh V9 alebﬁieqmaﬁea t@Uatplds o2 he fakt Rt poeiglesst ar
configuration 94, not shown, about the second pole 32, not shown. A

cross- séct | Bhthef ara dispagsdevigtin theseeanddemishers28diragispesedin ¢idhes AEWH IPW FI G
4. The rad

chor - dept roEnd tseond 35 B FHaT 415 688, ANELS dndoBieiahaRa e,

appr oxi mat elpwhoarbud 8 86shd I3 L 8t stRMl Y radius ER, is appr oxi mat el y
0. 0344 inches. The one-hundred dinples of the second set of dinples 36 are

EEE Pe>r(1t rrbm)st Amfdssennttloalof@fdlmtx? o ittief fstenet ofsdimplasB4ds shoivasinddGaé dbe to
i unmber,. size cenent on the ace 2 th f. ball 20.
The one- hgg’@ﬁ’é‘ggg)"ﬁ% Gumple R ShrseSiaa 0 D! BEfest fhsttbe BelEb L

0 rfac T
apor o 0 o, R0 s LSRR DL, 09kt W et o

appr oxi mat el 7@8@49ER§ Reapproxfimeely2R02f4 ihéiesgol f ball 20. The fifty dinples
of the second set of dinples 36 that are disposed within the first

hem sphere 26 aFlke Qnesfpmle@ dimplesiof fsrseepndisetraf dinple8do aksdhenerancshuat or, a

second penta on 1 b the fir ol nsition

| atit udi nal FEgH @‘ %%‘?erﬁtlsﬁfgﬁlfge%lﬁf foa% tﬁp‘l(%3r1r I{i\kr’(r:?glffqh%zés‘{lergdond set of
di npl es 36 }SIQébtme%'E Bn iesRpE&OMb1tRE Bolf BAll §(§9Cﬂ|ftdorfbelﬁ'Gn8EHalQﬁﬁpI%8 odfiR sdigdosed
in either a third row 96 bel ow the equator 24, a second pentagon 102a, not

shown, Bboutet of diepseconmvpoippradnaisly 22%nftha serfapsSRtaf ohe 2alf ballidd. nBusy egi on

72.
together the first set of dimples 34 and the 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 6, 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

10



A cross-section of a dinple of the second set of dinples 36 is shown in
FIG 5. 25 The radius R2 of the dinple 36 is approximately 0.079 inches,
the chord depth C, is approxinmately 0.0053 inches, the entr 02 is
appr oxi meWVeloy1M8S 1 degrees, and the entry radius ER is gﬁﬁ%&@@%ﬁ?“ely
0.0315 inches. As best illustrated in FIG 1A, each hem sphere 26 and 28
begins with three rows 10 WO 01/ 19465 PCTI USOQ 25434 from t he equat or 24.

The first apgdns@eeqshisoms BR MRchnde@hdirbes 80 ust 8hefths fitkehemRPheradd t he
first and second rows 90 and 92 of the second hem sphere 28 are conposed of

the first send t futstrapdeecond rown0 ang ??dofrtb@\ﬁ@en%hermﬁghw P& arcirapipepiskite 26
d the third 96..0f herd af i
Second set BE iyt accispidsrih, TRERR PR AR GodtofbierOMaztfe fud e

greater surbgeeuRlsBebridNealifHheredf8 dréorflpdtd 65theRedona setdidimpias B6.20hisHowever ,
as nentioned previously, conventional teaching would dictate that

addi ti onfl patwsn of rosyseib btilizadi ta rehieve gieatpr wefagshared epviseagaof thediaples opéhf eve

greater surface area.coverage. However, the dinpl.e pattern of r esent
i nvention t g‘é‘%@?]ﬂ %@ng{‘_"?"?"ﬁnag mg&m&éﬁﬁ‘gf’usﬁf ’r?B?VeneE&If’Wﬁ A ﬁﬁ%rwoéléc%%gﬁa % egi on
98. The penyagiiiof %wioShdier di9mbRs HinkR& shblldeGtili2dd toAchicld bdhter

pentagonal region 98a, not shown, is disposed about the second pole 32.
The pent agosaiface agiaciova@dgdh adovewes, thedingdopatetof the present @aventio tranfygons0 8
expanding fromthe first pole 30. Simlar pentago 100a, 102a 4a, 106a
and 108a exfFaRUOMsShetv d%@ﬁ%ﬁ“‘b%?@‘t%.‘laﬁ*ﬁ%mp%gsﬁﬁ@ﬁ‘ftﬁ%od]ﬁpf%’nig d8i sts of
the fif ifIFT8/ i R4 18RO 980 RoddBwaoRispbSedUbotine
second Es@t gg&élggrrrlﬁﬂe@BB%& %lq]ﬁglegea?d%g perﬁéagon’184 consi stsz) of tﬁe first
set of di npliessedshd pole31.0Thd penpohalgegiod 08 hasfieopentagenst®, 362,104, T4 st set

of dinples 34. The fifth pentagon 108 consists of the first t di npl es
34 amrjrp t he &ndkifp @P@Ian@iﬂgéﬁgﬁﬁhé irst poleiaerjplar l?erﬁ’éagﬁP%gqoérW%af E@fapéﬁéaagonnp

108" would in e i 0 j i t ween
the thira P SRR hbhi REBIEAALDFHERR: Boralnl0EnlE BEBAC
al lows for theramggtes2 Ahesucdndpenaganl 0¥ conkistsaif te secqeitseeofdimplesi36. pr esent

invention. FIG 2B illustrates five tri anggl es, 130- 138 that conpose ége
pent agoh@l Tbgitird m@tagomd 8heensistnef thefirst et of dimples34- Hbe &urtpenggon

greater pemalasg %gr?slistg (e)ﬂtihg @irs%%é:t o%iuﬁgles 34. The fifth pentagon 108 consists of the first
set of dimples 34 and the sixth set of dimples 44. However, the greater fifth pentagon
108’ would include the fifth pentagon 108 and all dimples disposed between the third
row 86 and the fifth pentagon 108. The pentagonal region 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 pentagonal regions 98 and 98a. Each of the transition latitudinal regions
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overlaps with the transition latitudinal region 70. As best illustrated in
FIG 1B, all of the dinples of the third set of dinples 38, the 25 fourth
set of di(wrgjl es 40 and the sixth set of dinples 44 are di s osed %Ql n the
transiti 8P P4 ¢udi nal regions 70 and 72. The transition ST’P?QP\Z]%S

regions 70 and 72 transition the dinple pattern of the present invention
fromthe rows 80, 82, 86, 90, 92 and 96 to the pentagonal regions 98 and
98a. Each ofp fdaerotdorsd Eit@mbhéibludeddtwe@Oi08%01dndN0dE] dAQ4ES from the

PCTI USQQ 25434 70 and 72 cover a circunferencial area between 40 to 60

| ongi t udi nadquatey?4&stheir aespeditve hemisphenes 24 anh2§.hEhe firsespsdianiatitidinpk pher es
26 and 28. The first tr i tion titudi nal an..7 a | a boundary
120 at apprrS&‘loﬂgbé]ﬁ/agﬁﬁf E%@dfiﬂ'dﬂzﬁaqt AppagT el g@h%ﬁg%n@ %§feeg%221, thend an
equat or i aI é&s%gﬁﬂ,yanﬁ%g efhiateRAR¥AIERY €Y atdtPptoRitBhtblydionahgitd@eiaasréesf rom t he
equat or imlarly, the second transition latitudinal region 72 has a
pol ar l50urﬁdranyhelamatoat24a§pnrbarlynﬁte€sb90n@0ralrl@1mn {angudingl refion é2Basta pmen he
equator 24, an uat or i al dar 12 xi mat el y. 40

| ongi t udi nal?ouﬂg*tf?’ g@ga? aé’ﬂ?f(lxﬂ@até BPglélﬁilnaia ees%gdpnéﬁ?f efiyatof ?ﬁsaflfigfle t he
Cross-secti t he
prior art gé?]I[a?t EE %q%a%s%a?aaa&c 5§£Ihfségeé ?%%\Odgﬁuéaigeg?%%wgs grg%ﬁ%l %%Lﬂahloés t he
sanme radi us24."R', fromone end 175 of the dinple 173 to the other end 177
of the dinple 173. More grem sely, the radius R of t{}ﬁ centeru‘%79 of the
dinple 173 is &gGa 1 and hélushntg shereipssaseerns o ZHH“I?LI ¢ PRI TG h a gol f

bal | of ri@

materi P ¢ IR EIE" 15 e R B ebie 1R 172 460 Blos QRROT B HmAR L PIALEE er
t he spheri cat s&ﬁé faaas m” tﬁhﬁlg:&léndddBlofHYeldlmptésNartdtltdt&hdlelmpllé7 b¥the begins.

The golf ball 171 a of the prior art shown in FIG 12 us uall§ has a cover
conposed ofimpla ke r?ﬂg@tprw%ﬂ&%m Rrﬁfttbﬁ" Feé‘FerM? ehthsgimgled B ds cdt abi ity

than an io Ogﬁﬁ radlrlrlﬁs‘tlie te"f‘tgleréﬁ(a ’1%%h§u ﬁgllh@eof(fﬁé/ ormggl a}?%a such

roto-fini she

Créa srmot ere ore prior
as di scl osegcdver sbnposE@bemt 1oh|UﬂﬁE%aér1Z135at7a'ﬂBws m@&otoCﬁmalilﬁgltcﬁcrdathl e 173a
that has a dual radius. As illustrated in FIG 12, the center 179a

15  smoother edge where the spherical surface of the golf ball'171 ends and the dlmple 173
begins.

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 181ato 175a
and 181b to 177a, 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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has a radius R2 that is different fromthat of either end 175a or 177a.
Thus, between transition points 18 la-b, the dinple 173a has a radius R2,
and frompoints 18la to 175a and 181b to 177a, the dinple 173a has a

radi us RWOMHB4%di us R3 illustrates the 25 desired radi uSCTHYRi4ate a
roto-finished golf ball. This creates a discontinuous contour for the
dinple 173a. As shown in FIGS. 13, 14, 14A and 14B, the golf ball 20 of the

present i nvetigelf bah@® off thegRERHS in¥&fichlate h Sortublecdnitfir 99 HatiIa dhngiRg
prior art golf balls. The dinples of 12 WO 01/19465 PCT/ US00/ 25434 t he gol f

bal | 20 of tidiumksgrhe ¢mirepentoyr 19y Ehecanbnr il A% begincdrinedee 29 agdiendyat

cdge 200a antholieagk 2o e apiay BB iBnedif sttt S ahi aRE Shny * "
inflection p@aisﬂ&isn@eo;i’@l igﬁil{)az&?a%ulér inffiR&fSof thé\&ingfB40.| ThSEIned R399 RAIA ar

inflection of the dinp The contour 199 has a 5 bottom center 204

where thé delpnttonoterttdfréOdiwm.rcethdﬁepth ofithei dimplgrdfas etits greaedt defithe Tholgblf bal |
20 has a cury e 206 that tches the spherjcal surface. 211 of. the
mon-di ol ed Dl st opatgRPE B Fastes F P ORI T Bt e
phant om cur Vﬁ%g&ﬁm@ Q6161100 TheRhdhe® Bhés AR Ete HEPHALITRY SurdQureI0® JFihvat ur e
206 of the gol all” 20 1s equal to the contour 199 of the dinple at each

of the edgesgdfbal aved tiROAmpleTl. s Theaabatuye 206 dftiee godf badlitOoiseqdd%o thed t he
curvature 206 at the edges 200a and 200b al] ows faqr a snooth  transition of
air into thecqaxt%ﬂ@%gﬂmﬂlmmjaﬁﬁ@hquiﬂwdgs? 2@%@5?&9%-@ b cagplivriabs,
pressure, act | ! i | 5 | iV, t he
cont our 099 %@Q@g?%éﬁ%{%&?uf%gﬂ ‘ Eggd%ctﬂﬁéa#gezb%?%%doin@pﬁglb‘?@ orfal S’ﬁ?eoméont our

199 reduces frigitihnsoT@itintatthé finiple 4 eurdnig the Plighs s0ithe gdifHatli2outlhenirguessmg t he
flight of the golf ball 20 which reduces the separation 15 of the turbul ent
boundary | ayaqtingjeaithg solg balh2Gduringrifsiyghiis drivergbyt thecontawr 56 of epeh dimme  The

di fferences j ont our f di f . 3 e

i nvention az}ldc; %‘f’ #ﬁfnégﬁ%ﬁlsﬁ%t@@gﬁf{sﬂeggmg ngfﬁgrfgséeg}%%%&stgﬂﬁtyﬁfxﬁlﬁes%]% at ed
in FIGS. 15 geskulddistibutich@ning the Hlght oflthe fgolf ball d0athistadiutes diegebaration mi | ar
to that of G 12), the contour has a disconti nuitﬁt at the transition

poi nts. I cofithe axbulentdoyndanm layer thpGs cregtedidyaing et fhght ofgle 2@ Ball ¢he present
Invention i's conty NEoMS. Larin tBSoGRlr afnSolEAHE g¥tr bl 30 BEAK pRlsehilfvdpibhom
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 202a 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(f) =3 Bily, i(f) O#1#]
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center of the dinple 40. Although the dinple 40 is shown as an exanpl e,
nost or all of the other dinples on a golf ball 20 of the present

i nvention have a simlar contour 199. The contour 199 ma Ciﬁls @%r Aﬁteri zed
as a conc¥8Vb¥bxeen inflection points 202a and 202b, ané S § \7% from
edge 200a to inflection point 202a and frominflection point 25 202b to
edge 200b. The contour 199 of the dinples 40 of the present invention are
based on a fhkidh PApge éie: Bezheartic dofiying poiats Havsththd dvavéoimdoacave(t) =3 BZJn,
i(t) O#t#1 13 WO 01/ 19465 PCTI USQQO 25434 wher ei n P(t% are the paranetric
def i ni ng pobpattions of the dirplelseose seplier. tha Beignblanding puctipniss of the dinpl e
cross section, the Bezier blendin f()éngt(inoﬂtihs_ SN i (t) = (ni )tl1 (1-t)-;
and n is equal to the degree of tHe“defi‘nfng Bézi er bl endi ng function,

which for thgdp i@écti‘éﬁﬂ&tthé AMEES bfQRe B&iMAEBesaIynding/Rinctior, Svhachpfr aet ri ¢
coordinate normal to the axis of revolution of the dinple. Bi is the value

of the ifh pestwinehtideis mefspblhBveoliygoaramghis doordingie normal o theesisd@ét ai | ed

d i pt i f th i | ial utilized inp t . t tjon i
set forth 1 OB RERImPE danine Vbt <Esei wr Pl SrEE Temoll PRl ¢ on:
MG aw H || =) pg. A e cﬂ:tag}ed RegsisioRBelthd -Bééiea?owgim; ul@easn A89réRas Whi ch

10 are hereby incorporated by reference. For thé present invention, the
equat i ons défveniiowgistshiefodhip MautiemessakiEletieondbr €hapearer CegriiicseSetdnd | ocat i on

of the edges, 200a and 2Q0Rh,. the inflection ints 202a and t h
bott om ce%t @rd“?@éll,\ﬂhﬁ%w'g%ﬁry‘caﬁ)@l"@ I%Eil,ogf’ﬁé‘najd‘in{?g Adj%nlsh%agﬁﬁgg&gg?ﬂw}ﬁgh, .
the radips i try radius RE, the curvature at the
bottom I(lzgnt g{e }fg%% lg%dgpét”ﬁtg%or% Fefgadept h C. This information allows for

t he contour 199Fof thelpeesentriplentiéf, the chpertidesdefmixek tht dirygle corst sevtiond shape

t hroughout the dinple 40. In caonstructing the coptour 199, two oci ative
bridge curv&suieethsiesapa gl de edges 3P9apad g@()b(’m?lﬁ ?fﬁ’@ﬂﬂ’ow()}?ﬁédaﬁfgt

o e, S Y R SRV SRS OMAE e 00 ST RLL I ReP T
f rom havi ng tha digiphs RS tix0éndty radius Ry, the curvature at the bottom center 204, and the chord
15  depth C. This information allows for the contour 199 of the dimple 40 to be designed
to be continuous throughout the dimple 40. In constructing the contour 199, two
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
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20 continuous and tangent. The second bridge curve 222 is overlaid fromthe
inflection point 202a to the bottom center 204. The attachnment of the

bri dge curves 220 and 222 at the inflection point 202a S‘Lgé

equi val eW&018f46he curvature and controls the contour 1 .To/ql\%og;zg‘{%ensi ons
of the curvature at the bottom center 204 also controls the contour 199.
The shape of the contour 199 nay be refined using the paranetric 25

stiffness coBLIQkS iAvatibAMLeoaseBmParefl td {he THNEIRgPROFESSIARALaG 222. The
controls allow for the fine tuning of the shape of the dinple 40 by

scal i ng t anteletistalAUBRRERTUGE. helNaxili R HALHTENY aad thendaxfliihe curves 220

d 222. FI i t the Ijf f.ici f f.ball,. ith
fhe dimpl e BRETEVINGT T Vidhuirfessbe b Pruisrol s s PR bkl ialen | on
thereon as coppasEde bRstdignvkintibettetdon BREbHES2EOWhe Tilgist FTROFESSEINADUR

PRESTI GE, the Maxfli REVOLUTI ON and the_ Maxfli HT URETHANE. FIG 18
i 11 ustrat estheAdtldisaOLRPRESTHRE, thd MaxfoREVEAUTION sidthe MaxtlyHdpl e  pattern

f th i t th dto the Titl i st SSI ONAL,
> the Trt T ol METHPOTR REEHdeTt ToHS Fopdle Someocs ov% Bighushae th ST PP r
URE THANE. Nwi]thﬁ]ee&igﬁ) @xﬁitﬂ(errp@# thé Rxfegé’nt L RRNGHRRd S@Rrh&RE pollirelhdald 8gek.he gol f

ball 20 wt }rp e pattern of the present invention, have a thernoset
pol yur et han®heg€ball 20T héthgind dindpdd pat@h o thdiptebent diveplien pas ¢casmuaéd ahest
present invention was constructed as set forth_i .S. P t r
6,117, 024, forthdg Lo Daigny Numbey 647,024 f1led enfuly B4y HQ”% éﬁ aﬁ“ﬁ‘%‘%b%ﬁ’?&t hane
Cover wy ch ' i ] iofbr¥d hetEERRGETHd NE
aerody\rll\’gum Cg&g?&pﬁg@gﬁ%{%ﬁg?%gﬁx{t%@f% %Ig%gfreg ént iel?)rrlventlf}on provi des a
greater |iffervdyAmia dfebudiathldpagm dxhepiesém anshaon pgvides o gecagolift o | 20
that travels a greater distance than golf balls of simlar constructions.
In this regarducehdarihieabydranglgling inigneoh Be! BY thahBaygh 3 ggater dseacdsps
Associ ation ! $ oyal and Ancient Golf O ub of Saint

Andr ews, |i%?%Eali%(’g%l%riCaFgruyelﬁ%g;ty of a golf ball to 250 feet (76.2m

per second (a tWthREEEAH] thERXIFWIGoliDAianrddyahd Onied StateaiGal A dsoalativrel oci ty
of 255 per second) and the overall distance to 280 éards (256m ‘Pl us a six
€ 1miti

per cent 1% ol €A fand TheRowal andiAnciant BoHfClpb el BaipApdreys Hamis al

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 distance of 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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percent tolerance nmay be lowered to four percent). A conplete description
of the 20 Rules of Golf are avail able on the USGA web page at www. usga. org.

Thus, the initial velocity and overall distance of a gol t not
exceed t N3BYI%f ts in order to conformto the Rul es of %Pﬁsb%@ef ore,

the golf ball 20 should have a dinple pattern that enables the golf ball
20 to neet, yet not exceed, these limts. 25 15 WD 01/ 19465 PCT/ US00/ 25434
Claims 1. A golf ball having a surfac€ldihereon, the golf ball conprising:
a plurality of dinples disposed on the surface, wherein each of the
plurality of- di ml el bblshayig & ufageihereandthe celé batheoreagsngli amet ri cal | y

0pposTng the f1rst =5, ias AdufhibaflinReely BUVAIM GnolkufugRur U of each

of the plurality of d I nuous™ al ong i're contour fromthe

first edge pRrilfeopeieieh }ﬁggﬁﬁrst?ed?a- bl 99dcbndedde d@&ﬁ&ﬁéﬁl?@ﬁp@siﬁé eHeMirdt
wherein the radius of curvature of the contour at the first edge is equal

to the curvedas andd ragivspheperapie efrecapotur obsach of 1y uralifyeofghimplepay |
according to claim1 wherein the copto f .eac f the dipples is convex
from the’r 1 petingageds e ghfisicoriob Bodi e Bt FRE ol 195 W8 Second odge to
a second inflection point, and the contour is concave between the first
inflection point and the second inflection point. 15 4. The gol f ball

accordi ng t2. cl ailhe 8olfhell e¢oordihgtocdaivek whardincthe casles sunviabme obthe conteudi npl e
are each defined by the follow ng equatjon: P(t), = iJn,i(t) O# t#l

wher ei n Jn,'F“(tg?211 teglgq is equgl o the Cg‘?’@aﬁe Pta s oftthe %‘ﬁf&a&gst five, and i = n
+ 1. 5. 4ghe golf ball according to claim1l wherein the radius of curvature
of each point of the contour froma bottomcenter to the first edge is

di fferent fBom aijie gvlfiball paonting to claim 1 wherein the contour of each of the dimples is

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() =3 Bl i(t) O0#1#1

wherein Tni(h = ()i (1-0™

20 nisequal to atleast five,and i =n + i.

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 0.0045 inch and 0.0060 inch.
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fromthe bottomcenter to the first edge. 25 6. The golf ball according to
claim1 wherein the chord depth of the bottomcenter of each dinple of the
plurality of dinples is between 0.0045 inch and 0.0060 inch. 16 W) 01/ 19465
PCTI USOd"Q‘B%W“g?plo 7. The golf ball according to claim1 POHUSHMY 3% ¥ach of
the plurality of dinples has an entry radius, and the entry radius of each
dinple is between 0.020 and 0.050 inches. 8. The gol f ball according to

claim1 wherei n"[‘h@%off'bﬁﬂ @J:dorrdfmgto dhifpl QhefeM®ch DEHie pl@alidy'¢Fidimples Bad ty of
di npl es dlsposed on the surface, each of the first plurality of dinples

havi ng a f ianshtryliaaioest ad thaestey:mddisp)lfuacéll dimpledf betiveph 8920 ia8ph0HE0 inshes. he
surface, each of the second plurality of dinples having a second dianeter,
the second dianmeter greater than the first dianmeter; a third plurality of

di npl es di %poseg- ffri‘ﬁllﬁ fr@iﬁ to ﬂ%&bl Whefeﬂ?th%rﬂ"ldrﬁillty%kafrﬁﬁlﬁ é/on%rls@!; -npl es

having a third ter aneter greater than the second

di anetes; a fourth pIalfrralplmmlngfofdlm])ileedlspbssqhosdd: sorfatd) eachuofftheBrst each of
the fourth pl urallty of dinples having a fourth dianeter, the fourth

di aneter greatep %fﬁéﬁofﬁ@lﬂlﬁﬁmymglasﬁm ABEEF: and a fifth plurality of

di npl es di sposed on ta@gco%ldr fllﬂ‘?ﬁﬁ?’t Eﬁgﬁ'%l g(h%}?ﬁ%eé bh e su?ﬁ&:r ghdntof 1 sedbip! es

having a fifth dianeter, reater an the fourth

di anet er ; ghﬁﬁlﬁy @fﬁhﬁplf:s! llidilﬁng Sacomndldiambier,dhe ie@dﬂid iametr Eichteh thahieafiist | es of
di npl es cover at |least eighty percent of the surface of the golf ball.
9. The gol Hiapegtér; accor di ng to claim8 wherein the plurality of dinples

furt heﬁo conpr | ses a a%fn)r(& plupahlt'y 8‘% Jh%le%fdﬁil)'ogg?il oqlsth(e;l lsér?&%,e&cf? Brllagnisd'r f ace,

each of “the sixth
plurality of dimples having a third diameter, the third diameter greater than the second

diameter;

a fourth plurality of 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 dimples

cover at least eighty-three percent of the surface of the golf ball.
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plurality of dinples having a sixth dianeter, the sixth dianmeter greater
than the fifth 25 dianeter, wherein the first, second, third, fourth, fifth
and sixth pluralities of dinples cover at |east eighty-thr t of
the sur f A8 OfSHHe gol f ball. 17 WD 01/19465 PCT/ USO0/ 254?&‘?@53&%‘ ‘pgo|f
bal |l according to claim9 wherein the plurality of dinples further
conprises at | east one seventh dinple disposed on the surface, the at | east
one sevent hy (. di Mphesgdibdlngcardipvie ridimd wheztianhe plhmligestaditpledifametrer | ess
than the first diameter, wherein the first, second, third, fourth, fifth
and sixth plommaises ptdeaspenayieipnib dimplg dispesedronghe giface. dheatdgdre ARHSYFHBI e
cover at |east,eighty-six r.cen f the.sur . 10 11. A
gol f ball h‘ﬁmphegl‘%“%%aesreﬁﬁ%@t laﬁltlﬁt%/ruﬁlgts ‘éegléh %8%%%?{/38 { Wag%se%ﬁ)ljfs e;cclzlgﬁ !{s tlﬁ%r eon, the

surface of {h@ehBE MRS SEcdHd thirdetonanshifioNel sic@phadlitdstof dihpleeast thaabase
coat, the golf ball conprising: a plurality of dinples disposed on the
sur f ace,5 whieastione svehthalimpleecoven agless| eightpfsixchengsing n;ﬁaguréacmome gdffealland a
second edge dianetrically opposing the first edge, and the radi us of
curvature of a contour of each of the plurality of dinples is continuous

along the eptir eAfg]‘éﬁtHaH haling MthdiobdtpdlyutdBmelcovirhatseaande @tgeon, e 12. An
unfini shed golf ball having an uncoate&lthernnset Eglyurethane cover, the

cover havi ngirfane ofithe #teegiost pdlyoeethanh eovpoichatpdivith ablepstiadiapgeoas the gelhl ity of
di fferent se;s of dinples disposed on the uncoated surface wherein each of
the dinpl es? MPIHIHest edge and a second edge diametrically opposing the

first egge, and the raghpgirPht GHPYRIESsQ orfthe QHREI wiirei@@aéh 6f the he

plurality of 20 dinples is continuous along the entire contour fromthe

first edge ploraliyeofsdmpied heslgéirst &8ge 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. An unfinished 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.

18



