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BALL W TH AN AERODYNAM C SURFACE ON A POLYURETHANE COVER 5 Technical Field
The present invention relates to a golf ball with a thernoset pol yurethane
cover. More specifically, -the present invention relates to a dinple pattern
for a golf ball with a thernpset polyurethane cover in whithVi Pl e
pattern ha ' ent sizes of dinples. 10 Background Art fers realized
per haps aga'ggﬁlﬁ{‘/ﬁ%s the 1800's that golf balls with indé’ﬁ?@%hoggféaces flew
better than those with snmooth surfaces. Hand-hanmmered gutta-percha golf
ball s coul d be purchased at |east by the 1860's, and golf balls with
branbl es (bunps rather than dents) V‘Efit‘fein~ style fromthe late 1800's to
1908. In 1908, an 15 Englishman, WIIliam Taylor, received a patent for a
gol f bal |l wA GOLR@AITaWITH AN AERPDI¥NAMICSURF ACE 0dt A POLYWRBIHANIE Cur at el y
than golf balls wth branbles. A G CtsCﬁZédi ng & Bros., purchased the U S.
rights to the patent and introduced B3 ORY bal | featuri ng the TAYLOR
dinples. Until the 1970s, the GORY ball, and nost other golf balls with
di npl es had 336 dinples of the same size using the sanme pattern, the 20
ATTI pattern. The ATTI pattern wadeehmicaltielledr on pattern, split into eight

concentric strai | ' I.C ] r LN oducer of
nol ds for golf %Pkggén%géngﬁéﬁgpl?t%g gP ﬁ%%“ Qgﬁgg‘ é"ﬁ%sgt l{ohjeg'?esﬂ% l?gl%déq“'l:'of a golf
bal I duri ngMold specifixdlly, Hie piesepeinvertion felatesto @ dindydpaternHend golfbalitwithanvent ed a
mesh-pattern golf ball for Dunl op, . Thi attern s invented in 1912 and
was accept égergaﬁgqtpoltngthmvgr_m cpﬁhetqi'@glfg?@r%?%%f%@és‘ﬁ?ﬂ‘ger n i nnovations
appear ed frd?,gbfege maj or golf ball manufacturers. In 1973, Titleist

i ntroduced an icosahedron pattern which divides the golf ball into twenty
trianguOar regions. An icosahedr oBagkgrauad Artwas di scl osed in British Patent

Nunber 377, 354 o ahau el DtuPUSly ROURYSIos blligBirRAls Al indiitha 16 March

2004 WO 0111946
surfaces flew better than those with smooth surfaces. Hand-hammered gutta-percha

golf balls could be purchased at least by the 1860’s, and golf balls with brambles
(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 octahedron pattern, split into eight concentric
straight line rowé,' 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 Dunlop.
This pattern was invented in 1912 and was accepted until the 1930’s.

25 ~ Inthe 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
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dimples lying on the equator of the golf ball which is typically the
parting line of the nold for the golf ball. Neverkhel ess, the icosahedron
pattern has becone the dom nant pattern on golf balls today. In the late
1970s and the 1980's the mathematici ans of the major golf %@M@ ?1&9,014

manuf acturers focused their intention on increasing the di tf ace
area (thewg®adsevered by dinples) of a golf ball. The BeTp$eedssarface for’
the ATTI pattern golf balls was approximately 50% In the 1970's, the

di npl ed surface area increased to gredter than 60% of the surface of a gol f
ball. Further breakthroughs increased the dinpled surface area to over 70%
U.S. Pat endimplesibying an the eqeimg of&e\gnlfrbalhwh@»m;mcmysmmlm@oﬁthgo|f bal |

G ol ¢ sur PR PR UG BAE Nkt et b o e RoBRA 11 or et

di npl es onpattegodrf gobfballs fodaf.ace has al so increased with the surface area
coverage. The ATTl pattern disclosed a dinple pattern with only one size of

di npl e The nunBdhe gt 1879*”@118}%1939/98? mpthematipipasofitheanajorgeliballi t h t hr ee
di ff ’ 51 ff
T e AT B4 LSRR i,

types of dinple U S. Patent , cfoses a _
di npl e pat ccypwd\hytdhnlﬂgs)pf 8l g61f balke rifhe Wjmued Mfacﬁfnnheamhpmﬂnfgmfd)auhere t he

non-di npl ed _surface t ni t Ki ngdom

pat ent applTcation. ?‘f@?fg@? 75 %dgz&s’ﬁﬂ ‘%‘E“Bi?é S’/ﬁ‘i‘?ﬁ‘ #J 1’dl npl es with
five diffetmemb0%iofiRisasce ofk vgbmsm M&ﬂﬁéﬂ(@ﬁhﬂéﬁﬂnb@%@d‘ﬂ@@uﬁp

cuboct ahedrop pattern that has dinples wth el even different dianeters. See

5D0 Year of greazig qver 70Kt U@Bﬂtwtéﬁ@bﬁ)‘bwfw}ﬁé@@mi@@ Gotshedigctoses nvent i ng
01 ol ey pat f gaipGaiti 780 dichib EovdagB Wi yb 8 422 diBhibs. DRl 1000 HanB3genval U 1

such a golft ball 1s commercra aval | ypical golfer to
pl ay. Addi the dimeple syrfage sk breglaintecthe §0% aveerdgecn based on the sectional

shapes, such a ecahed n hedr on erns.
Patent S, 201, 539%3“ %‘g‘gs@syfamﬁto PEAIN 2 &R ﬁ’ﬁp 'gaé’fﬁ@sr oﬁléwaﬁﬁp‘%lght agonal
formatio nsth\n/bmrlfaceqmalcbgersrgenﬂ‘&ﬁ ATTI phitteqdl distidsébd diple patiéon “H%atoﬁlytonblu mber

~LJ.

4,880,241 di s ol f, ba | e p ttern having a
i cosahedr oﬁmp t P‘EP‘?Fth‘é}ﬂng YERS fhéﬂp ?é@??“ﬁfﬁ'sw}tbg ﬁe’lthe equat or
to W3HO0lg IB§ BBébﬂﬁnghé&bt@Eﬁ@d iR SEifE et type® oMiplRs 20 @4

PCT/ USCO ZS4OZ AIt h there are hundreds of published patents related-to
gol f ball ammmwm 631@ Oltawéaledwlosqsaﬂ@ndpn@tealw@bﬁur@fmpmw upon

current di pfif E?Bﬁ ?J.r%gf Wﬂ%‘%h}e%h il mlg(i %fagé)éaim % EJ}. MDSES

pol yur et hane c vers er nose yure ane covers such
as the MaxdimpleRBuited Kin@ibm phtentipplidation-flumbien2157059, eo StbveBRm?ErSSI ONAL, the

Titleist TI C;E e Slazenger corrpensat e
for the i n#gjr enmrpo?ermaigvc dﬁﬁerflﬁéﬁl %ﬁ Féﬁﬁgnégﬁﬁ?ﬁqbﬁ% IWﬁn % ncl ude the
i ncreag®d apoctahddrom mugdﬁehatdmgmb&wltaclewmxﬂaemfmws Reedbh Fegpul ti es.

There is st dfo a, di epattern desi gned, t o, maxi nm ze the
aer odynami %}s&‘f'fﬁ%{gg&'ﬂq‘ﬁ rade fp ﬂ’ﬂgea 180 dHoywsyen inyenting dipplepattergyer . Bri ef

Di scl osur ey nfulifld SUHIsIEOh 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



The present invention provides a novel dinple pattern that reduces high
speed drag on a golf ball while increasing its |ow speed lift thereby
providing a golf ball that 15 travels greater distances. The present

invention is able to acconplish this by providing nultiple f di npl es
arranged i n awpaiha®ey that. covers as nmuch as eighty-six pe ?
surface of the golf ball. One aspect of the present invention |s a | e

pattern on a golf ball having a thernoseticover with a surface coated vvlth
at | east a base coat. The preferred thernoset 20 is pol yurethane, however,
t hose skilled prdSIVIﬂé‘ledlafple-ﬂ(bd dquit@xcognl ze that ot her ther noset materials may

be enpl oyed in practi cCi g? ‘{ﬂ% resent |nventiaon, olf ball includes a
plurality ofdifferent séfto rﬁﬁF@&“Q!?@ﬁéﬁ@ﬂls’éﬁﬁl RaF?étSSQJ?tF%@eSOIfIPaHh of the

different set ifpleHaiRthe thehSsila: R set of
di npl es. The de Pe% eace i eﬂhgfﬁ%&ggog# thteﬁ% ura f‘?@l}ﬁc‘;’?}a@&h erent
sets of dinpl d@ﬂi%llﬂrlb/rf@l‘tg@tf bt&HS Wlth)tmnmsnm@éslm‘thanm@&rs Gl fiHalls withf each

of "o mol o5 oy o pERERRhe TPl BB REVEUTRON, el SRR %G1 °

t he dinpl es oletlhet RﬂQR%SiI@MAm.t thel Tit{edst e‘mummmmGEdmnhmaiaﬁger RAMARO Y

angl e) and the,e n ch d| na bet ween 14 an 6 degrees
Each of  the difigt ‘iy “’%ﬁ’éﬁaefi’e‘ﬁw’r‘%’ﬁn f’t‘% g‘i‘? polyys €hoo " 4
plurality of dhélhés®aincraied spi, @é mghesa:&gasmm aﬂiﬁ&df@@llrﬂ% difaédhidshanedoe
radi us of each di 020 and 0.050 inc Anot her

he bet ween :

aspect of the ‘E)Ftélggﬂﬁedr}gfy\%qﬂ“ipwar%méeﬂmF‘émﬁ’ﬁ{n!?érﬂ?f- qsrpdygang@ﬂ gfapgifiballi t h a
thermoset [Pl wiieh NaRSosePeBfurdthidt cBvepvi des greater |ow speed lift and |ower
hi gh speed 5 drag. The golf ball includes a plurality of different sets of
di npl es di sposed on the ~ surface of the coat ed t hernoset pol yurethane
cover. Each of the different se a different dianeter

t han any ot her set of dinples. %3?11‘3% g?é? @%‘H%Perent sets of dinples
cover at |east ei gﬁﬂlyptdacm@wemmmowdés atdoeelshm[ﬂapatani thhhedtged Highbgdeed The

golf ball has ff| lent greaf er t han at a noI nunber of
10 70,000 and B 4 ot Ball wleers i dlsty BN e iR S £t

Reynol ds nifimbaravels gty Oistineusd TBOf@senpitverifioh éf abmsaédoﬁipllﬂmmfbyth&vlﬁh@.W ngs
FIG 1 is an eqliﬂﬁtorlﬁo J of agiferred enbodi nent of a golf -ball of
the 1S present™  HYEH TGO dirgp 2 pattern dhat 6qvers agmugh py qighly-siXperrgnt he
rows of - di npl &ﬁ‘thd—'sluffacechtheSgd]fmwl ewof FIG 1l illustrating the transition
region of dinples. FIG 2 is a polar viewof the golf ball of FIG 1. FIG
2A i's the. view of qne@spest of the,presest inyentiop és %ﬁ@eﬁmaﬁanﬁeﬁ@aﬁbﬂkhmnen mpl es.
20 FIG 2B is tﬁé}ﬁ)o‘.{ét@w‘/@fmﬂa@urfgce' dohtdd Withat l@&t&b@se%bﬁg |I‘ﬁv: ﬁ@ﬁﬂ@@ﬁﬁﬁh&k@t
pentagon of di mpl es. FIG is a polar view of the golf ball of FIG 1
illustrat @99 tlﬁgolgtlrgﬂia@q;hpwgw,ah%gﬁkﬂled in theartwﬂl recognize that other thermoset

materials may be employed in practicing the present invention. The golf ball includes a

plurality of different sets of dimples disposed on the surface. Each of the different sets
of dirhples has a different diameter than any other set of dimples. The depth of each of
the dimples of the plurality of different sets of dimples is limited to 0.0060 inches from
25  the chord of each dimple. The depth of each of the dimples of the plurality of different
. sets of dimples may be between 0.0045 and 0.0060 inches from the chord. Each of the
| dimples of the plurality of different sets of dimples has an entry angle, and the entry
angle of each dimple may be between 14 and 16 degrees. Each of the dimples of the



" nunber .

FIG 4 is an enlarged cross-sectional view of a dinple of a first set of
dinples of 25 the golf ball of the present invention. FIG 4A is an

i sol ated cross-sectional viewto illustrate the definitiongfpmdrbs2064 'Y
radius. FIG S is an enlarged cross-sectional view of a dinple of a second .

set of_di ' ., 96 March 2004 WO 011 19464 PCT/ U%lel 43 Of the
gol f b‘gﬁgl‘)wﬁ“@fhe present invention. FIG 6 is an enl arge @?@gg-ogecti onal

view of ‘a dinple of a third set of dinples of the golf ball of the present
invention. FIG 7 is an enlarged cross-sectional view of a.dinple of a

f th t_ of dinpl 5~ of th | f ball, of th £ tion. . FIG
TR R R 2
of the dglﬁk)fe XRQJI lLe Qgtwggfzogﬁgl ..Oﬁd‘i}ﬁ@lﬁts.' on. FIG 9 is an enl arged

cross-sectiondl view mpl'e of a sixth set of dinples of the golf ball

of the presesothdragpect 6fthe peeskit Gvehfion B aalimpll mttgadorn & ge-taHovitlomal vi ew of
a dinple of a seventh set of dinples of the golf ball of the pregent !
i nvent itaermosetqolyurethare eovigbthatprovides sseaterdow spesd it apd lQwerdue of the

gol £ bajl th resent, i nvent. . : {+Sy; : i i ew of yet
anodheriea - ety BAFERDAs RERPRSPOLcifhiek oo Pl dahRid Al ot -
i nvent it cdd1Ghe é&té@ttﬁnﬁéﬁp{%l?ﬁreﬂﬁ% dovei EBeai of the differéssstssofReynol ds

FIG 14 is graph of the drag coefficient versus Reynolds nunber.

Best Mutimples heving @adifferentdionetemhen ampatheri sshofxtimpless derplugelityofcs, 1-~ a
| f bal,L i | |y designated. 20. ,Th | Ll - pi ece,
Do pi dioreit 5 Ghaimplasoverat e sk i netitat pP e oY o\ Boff" 0! PP e

gol f balal ”ﬁ%%%ﬁ‘ﬁll%a‘é@q{fgcdeﬁi/ﬁm gRateAthiR 0l RaREIAbMs yter ofhe cover 21 °
of the golf ball 20 may be any surtable material. A preferred cover 2l is

cortfos 10,800 andt2060 mpme andatisag ceefficinnt lesstean G232 saRexolds psgkerifi [ 1 ed in

the pertinent art will 25 recogni ze that other cover nmaterials may be
utili ze@ovﬁdbff’&at?’oaﬁnﬁﬁ‘iﬂti ng fromthe scope and spirit of the present

invention. The golf ball 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
equat or 24 Brief Description of the Drawings

FIG. 1 is an equatorial view of a preferred embodiment of a golf ball of the
15  present invention. |
| FIG. 1A is the view of FIG. 1 illustrating the rows of dimples.
FIG. 1B is the view of FIG. | i]lusfrating 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 d.imples.
20 FIG. 2B is the view of FIG. 2 illustrating the single encompassing pentagon of
dimples. | |
| 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
25  the golfball of the preéent invention.
FIG. 4A is an isolated cross-sectional view to illustrate the definition of the
entry radius,

FIG. 5 is an enlarged cross-sectional view of a dimple of a second set of dimples



16 March 2004 WO 01119464 6 PCT/ US00/ 25402 dividing the golf ball 20 into a
first hem sphere 26 and a second hem sphere 28. A first pole 30 is | ocated
ninety degrees along a longitudinal arc fromthe equator 246iMarthgod4 r st
hem sphere 26. A second pole 32 is |ocated ninety degrees along a :
| ongi tudi nal arc fromthe equator 24 in the second hem sphere 28. $ ~ On -
t he surwar®/19@4 i n bot h hem spheres 26"and 28, are 3 82 ®CHAISe&25483titi oned
into seven different sets of dinples. Afirst set of dinples 34 are the
nost nunerous di npl es consisting of tHo-hundred twenty dinples in the
preferred enbodi nent. A second set of dinples 36 are the next npbst numerous

di npl es epheigolfi tall offthopeseanhvetionl npl es. A third set of dinples 38 and a
fourth set of di ggl es 40 are. the next 10 nobst nunmerous wi th each set 38

and 40 consi sFlGg isfantanianged apssseetionalviewef gdimpleraf@ third g6t ofehimplea 1ifth

set of di Fg{aes}é)z arfg.q a sixth sett- of dinples 44 are the next npbst nunerous

wi th eacR!E¥EO alof hepre ISP of ten dinples in the preferred

embodi ment . TIY‘EG.Sﬂ’@J}HMa?E%i (ggss@e@%rﬁﬁvi@@ df%rtﬁin?le &tfa fORHY seVO dinpléses. | n a
0

preferred enbodi nent, the di npl es account for 86% of the surface 22 of

the gbl f ob el golfiballTéfahe proseatt myentdonof t he seventh set of dinples 46 are each
di sposed on r ective poles 30 and 32., Each aof the.fLfth set . of, dinples 42
" is adj acent oﬁigoglst%e AN TTASSsSefy %Hﬁeﬁiﬂcfhésﬁﬁ’@.&e qfi?eﬁ%tf‘éat ﬁ%o § of the
fifth se | ' : i sposed within the first hem sphere 26
are'each%gﬁiee%i&g?dlg?fstﬁéﬁ%g@?Pg’rr%ﬁttl € equator 24 and the first pole 30. The
five dinples &G 9 liearf érflirgedabssedectommb vigsy of ditple off esidttsgeo ofdinwpleshi n t he

second 20 hem sphere 28 are each _an equal distance fromthe equator 24 and
the secoRd thsogalt ball of the geegert grvgptio.np| es 42 and 46 account for
apprqyi mately 22 . he 2 . WP d di vBnfl Lese section of
a di (rirgl e of thfﬁé;’ ?{)g%}ﬁx&?ﬁ%@%ﬁﬁéﬁg@guﬂbﬁs sﬁoc\l/}n%?énoﬁ)sé 8~. The radius Rs
of the didifaprs42 tHesgodPpallofithepresent vemtdh. i nches, the chord depth Cs is 25
approximately 0.0054 inches, the entry angle 95 is approximately 15.7
degrees, and tHE- d44ea pelay viswpokan akeradbresinhedirasn) Oé%%g%‘g%%g@ﬂgg% A
_ Cross-sectli .dinple of the seventh set of dinples 46 is shown in
FI G 10. %—ées%?%@xlt/a@ , of the dinple 46 is approximately 0.0510 inches, the
chord depth C FIiGs 12ppamwequatirial vie®.di@4Cariotheh ebgrnatires emi@livigntof 29af. WO
- 01/ 19464 PCTNSO00/ 25402 entry angle O, is approximately 13.4 degrees, and -
the ddge hellnfthe poesent énvepiiothyi nat el y 0. 0336 i nches. The ten di npl es of the
sixth set of dippl tys j 13%asthoéhe surface 22 of
the gol f ball g‘? lﬁseééf@g%g#%Bifgg&eg?&%gé?@ﬁws{%t o‘?‘{‘di pl es 44 that 5
are di sposed VWIchila i§ peph of tHe digécefiiviém vaSuaReymddhnmanberqual di st ance from
the equator 24 and the first pole 30. The five dinples of the sixth set of
di npl es 44 that are di sposed within the second hem sphere 28 are each an
equal distance fromthe : i) bg 32. Al'so, each of
the sixth set of dinpl eggﬁﬁ%(sgﬁég%&??‘?ﬁﬁgeﬂé@?f erent sets of dinples
34, 3 and 40. 10AAsksws i BIGS. i1 ) agblfdballiingérerally designatedt20. sBte golif di npl es
44 is showmn in FIG 9. The radius R6 of the dinple 44 i r,oXi ely
0. 0930 i ey bea opepiase dayoriicess 2 Hyeupisso oF FPEBE‘%%SC’& @g?&wﬁg the entry

.angle As s approxipat.el ' ragh.u )

" appr oxi m‘?‘éﬁeyg‘g‘?%%%gg?‘ﬁg‘é%é.é"%‘g’gﬁ‘f‘rgg%‘r @‘P‘g%’?ﬁ%y&ﬂgfﬁgé%’am{éggvf)’? 1each of
- the sixt homb g8ff bdil Mol sy Kfany sutile terial cAgréferned doverr2y is vomposedadiaer age
of the 15 dinple pattern of the invention. This is con{rary to

resent
convent i othetmoset p«liyugﬂnanaunatt@iﬂ;hglswpvvm thasenskilded ipjthe,pertiaentart Wilknet er s

I i de .f 1Al . f -
o mpi 20 seapnize lipbalat Shve? Bl PR Lot Rdefl il R inERiont' 4, 1o

twenty di mgﬂﬁ éftﬁ@@rés&%ﬁ%nﬁ@ﬁ. Phe S1FBAIES0 ARy HAVER RN Pd basealay 2. 7% of
the surface 22 of the golf ball 20. The ten dinples of the fourth set of

di npl es 2&hdiér tobabatar e di sposed within the first hem sphere 26 are each an
equal distance fromt- quat or, 24 _and the. first | e 30. en di npl es
of the fourtthéﬂO&]fbaHi %gsg@aqcf?gt qi\"@ﬁibé'h@eaég tﬁnr?q%l%-@?szgcond

hem sphere 28 are each an equal distance fromthe equator 24 and the second
pol e 32. Al so, each of the fourth set of dinples 40 is adjacent to three
different sets of dinples 36, 38 and 44. 25 . A cross-section of a dinple
of the fourth set of dinples 40 is shown in FIG 7. The radius R, of th
dinmple 40 is approximately 0.06? inches, the chord depth C is -
approxi mately 0.0052 inches, the entry angle 6, is approximately 15.2
degrees, and the edge radius ERa is approximately 0.0358 inches.
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18 March 2004 WO 011 19464 PCTNSOO z540Z 8 All of the third set of dinples
38 are.adjacent to at | east one of the sixth set of dinples 44. The twenty
dinples of the third set of. dinples 38 cover approximately % Blarehf2004e
surface 22 of the golf ball 20. The ten dinples of the third set of dinples-
38 that are disposed within the first hem sphere 26 are each an equal.

di st anp fivioest he 5 equator 24 and the first pole 30. ThreTusoozhdepl es of
the third set of dinples 38 that are disposed within the second ‘

hem sphere. 28 are each an equal disté&nce fromthe equator 24 and the second
pole 32. Al'so, each of the fourth set of dinples 38 is adjacent to three

di fferegl;ifgd ﬁze%lnmdrpi@ﬁtéélﬁm%ﬁeﬁ&gh&)zs An&h 9&onE GEhisPRerel282 AOfuEp! e of the
third set of” di es 38 1s shown Iin"FIG 6. The 10 radius R3 of the dinple
38 is apgledRiistimcetey ninddy degresshabong 4 loegitidinal arbefpirh tie-equatca @ imshiemat el y

0. 0053 iinches, the entry angle 63 .is approxi matel 5.3 degrees, and the

edge r abirsh _e‘ERBB‘F@ 280t 8550 P@heﬁ%d.s g’&ﬁ‘ﬁgi"ﬁ’@% .greF}ﬁ/é}%lHB& l #ent y

. di npl es ' j re the nost influential of the '
differ eﬁg&stselggq%*&?“rr%eﬁelggépz?ﬂagpllc’?ﬁ%hégz?hei r nunber, size and 1 ~ placenent

on the,surf apahe surficet22¢ irgdth hbaisphet@s 26T el 28)ard B82dlivgldsyartitioned npl es  of
the first set of dinples 34 cover approxinmately 53% of the surface 22 of

t he gol intpaeven differsniesetef dimplesed fishseliphiimplesct arp thermes muBgroust di npl es
34 that ;jare di sposed within the. first. hem.spher i.spnesed in either
a first d%@f%%?“ﬁﬁﬁ“% °£”é‘8%'#?8“‘§?8§v“§“2“%8w§"% Wgﬁ%argge%%p aeggj,oqgﬁ&g' g‘seudo- st ar
confi gussebh@Bet®fF dﬁﬂ?u& 36Mee fhemekt M6t dumerdubdimples basistinf of bhesst rated in
FIG 3. Simlarly, the one-hundred ten dinples of the fir$t set of dinples

34 t hat hundsediilisppies dAvhird iset of dimples dhandwfausihiseref dmples 40 HeS8H i n ei t her

L i gst 90_and 2 bel.ow th 4 do- st
2_0 n#- ;up’bgilv%“ﬂn@'g,ﬂs hifs Se%ﬁlgaﬁ’%&\ggﬁ °PHS§S‘§‘§C°£ ﬁ‘%ﬁlﬁgﬁgﬁ%s &n%F%g%f%T\A%S ex o-star
Cr 0ss- sgmbb@ithent. A il tt%efqg?ﬁlgl@u %ﬁ@z_{ sif@lsePbf dlinpRisad A tHemewhava i n FI G

4. The 25 radius R, of nple 34 is approximately 0.0834 inches, the
chord depmbro@s with eashiseid hatdetdycopsizoagof tas Hingples imgheprefgrrethgl e 8, is

i ly 15.3 d , t dge radi us ER i i 0.0344
hehes. CBhprifusiE, L Svegth h F Smnlrs B Ry r S iR SHRE Y P 00e
prior aéﬁboaihﬁen?%@%ﬁﬁifa‘gle@&cgﬁﬁﬂﬂ?%%%?ﬁie"k_ul‘féc@ﬂ’@f&l_@ golfball6 March 2004

_ 9 utilized in conjunction with the entry angle -
to telinmt flhetwodiapksafitheconenth setad dimples 46 areleackidisposed opaespastiveThe fi r st

thi's: poPfiesagrnias: 5% ALt #2ar ot 2 h 403 GrefE FRS-AQBREET B g
4A. The dangres OrRoG &iﬂgiﬂés Sfthd RRhSATASIRS 4D thatlhrdrligsosébwathiar théie next 5

nost influential of the fferent sets of dinples 34-46 due to their

nunber , fisithemispliers 2fcanemach amequab distanéeafremabe equatdr@4gadithe frst pole 30.The

one- hundped_di apl es of .t second set of di .es 36 cover approxi mately 22%
of the s %YFE‘EBE’?%?(’{‘F?%? |Spt ‘Ef;ﬂ!ﬂpg'ﬁ_ﬁﬁﬁﬁé?‘%‘w&?‘ﬁ&?&{’hg‘e ?ér%g? set of

di nmph es : %€ ' fradli ] e SRBAP¥HIEBREl Y 75% Of
thgr‘gur g@éﬁggﬁﬁ tﬁgﬁg{;ﬁéﬁ} ?’1@%%&6‘%@3??%@%& ﬁpalgg?ﬁof themlo second set
of di nplThese3folardimpiessd Darsptsadownttfoi apprawmhatelys2%oled tephitace 226f thee di sposed
:in either a third row 86 above the equator, a second pentagon 102 about the
first pﬁpgbBB,zoor along a transition latitudinal region 70. Simlarly, the
fifty dinple the: : ' D i ' @ Wi thin the
second hom st SEiGFEPATe of e MARCPSr dohelqdts oy . ' he

equat or Thé.radiusR¢ o thefdifiphodDis bpproximatelyhnmo, inettes the tbordideptheCand pol e 32,
or along a transition latitudinal region 72. A cross-section of a dinple of
t he2§ec approsiately Q1004 Behet thesentiycangleify iFapproximatphie 1 5.4 degreeRand ther ne
dinmple 36 is approximtely 0.079 jnches, the chord depth Cs |

appr oxi feeradivs EReis apam%@yte[)m‘ioé% inghesy, |°é°5éjse?‘é°%‘§%r%mpﬁ%@“§ ~ 15.1
degr ees, I i %l (B : leygigs. 20 As best,
illust rasf‘gé(}ﬁll %Rélfgﬂgﬁle iﬁgelgg}?%%ggﬁ@?eﬂ%ggg‘kgggph%?%g with three rows

f r om t heppforithately20105 T inchey, stie chiofd demio O isr appsoxiateid0.004Dinchesethei r st

hem sphere 26 and the first and second rows 90 and 92 of the second .
hem $phere 28 are conposed of 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 25 pattern of rows is ’
utilized to achieve greater. surface coverage of dinples on the golf ball

20. However, as nentioned previously, conventional teaching would dictate
that additional rows of smaller dianeter dinples should be utilized to

achi eve greater surface area coverage. However, the dinple pattern of the
present i-nvention transitions - .




18 March 2004 WO 01119464 ~ pCTI USO0I 25402 10 fromrows of equal dinples
into a pentagonal region 98. The pentagonal region 98 is best seen in FIG
2A. A simlar pentagonal region 98a, not shown, is di spose%%ouhfbgg
second pole 32. The pentagonal region 98 has five pentagons 104,
| 06 and 108 e%{ﬁandl ng fromthe first pole 30. Simlar pent arg:cm& 102a,
104a, 106a 5 1PH8a expand fromthe second pole 32. The fitrs pen agon
100 consists of the fifth set of dinples442. The second pentagon 102
consists of the second set of dinples 36. The third pentagon 104 consists
of 'the first set of dipples 34. The,fourth a s of
the first seten$p 20elady BSPRIgXimptRly P? f‘tdﬁgrf)eé‘n‘t“ﬁ ead%ag’df:ng%& ksst':‘c1 gpl%? %fahe?}; r st
set of dinpleg %@&Qsthe sixth set of dinples 44. However, the greater

fifth pentagon 10 108" would include the fifth ent g{ n 108 n ,,;1} di mpl es
di sposed bet ween Thﬁéemﬁmsﬂéwegg%ﬁﬁﬂ#ﬁ@ﬂ‘t‘ﬁﬁ UM FBRrOX IRt %

pentagonal el Qe 23lok 5ol 8hy HOCTA A3 ik @yéfftﬁ@ﬁxmrsea)fatmm&emdhml e

pattern of the present I nvéent F lustrates five triangles

130- 138 t hat mmtnpssedtvhmnpthnﬁmgbﬂakph@wﬁ)m e®h apgaupbdisengedopyhe F‘il‘*}at%t rates

t he extent of ater a [ l.aps with the -
Ftp%laﬁg &'@%P Ve (l.lurig? P{EF ?ﬁth smf(aﬁméiés VAt R

transition Ia est ustrat ed FIG 1 B, all of
the dinpl es Ofdtsb&@dWxﬂhé&fcoxﬁfhdﬁhﬁpﬂe&szﬁr&ach reedualudittincs Somahe GUAEr es 40

and t he th set of dinples_44 ed ed n the, t.r
| atit udi ?llai( r éesjla@‘h@e?ﬂ’l%ﬁ”u@lgé’ hﬁgt SF‘éWVgFta(tr}J TRIPS 4 S g‘ggéleé{n@ﬂ%e and 72

transition thg fgér,gpg 3918&1&1§fe§13@f36t£8 4present i nvent| on fromthe rows 80,
82, 86, 90, 9 96 to the cgenta onal ;g grl 98aFE hl‘ehOf t he
transitior0l atitudt n@ﬁs-ﬁé@ﬁ’rmfsa wrlerfl thesixteetpt 4 °Fé SBOEM I BTN -5

bet ween 40 to gﬂuén é;cghgﬁuﬂ?%p?&ﬁmafegm 9Re iRas e chatd deih Chisi r

respective herfi sp nd 28." The first transition latitudinal region
70 has a pol arapmuiﬁchae'lyol)%)l mthdapqhe entiynanglel &y isBQposiveptaly i A dserers e dRe from -

t he equat or 24 and, an_equat orj al 122 a
" | ongi tudi nal 98 waws gr*‘B?ﬁ%‘W?‘%ﬁﬁ@? dfm}z(}if gh é)ﬁt&&ﬁ{n% ggggl%:ﬁgﬁ@r of
transition | atdatpigh h@bixtheed aﬂuﬁ@eé‘l&sal&m&dbﬁhe ebmlamdmagy sl;ﬁ"@ta caveragef thei nat ely

60 | ongi tudi nal degrees fromthe equator an_equat or ar
122a at apbr oﬂrmteepsrem@ftbsrvgqseudt“f?&tlowéf&tsé%%"“tf?’aﬁ? FH e%o“ ltﬂ%nklggw{j

Mar ch 2004 wo o} §41ﬁ4t & &}h‘é@@% 2RE0e dlanebérd Qbﬁl&bi‘o‘v{/ﬁe&'cﬁl’fg@ﬁldmmf&e ofvetage.
~dinple pattern o

present invention are |IIustratede|rﬂr§1 G'S!é l.and 12.
The dinple pattermlbnfﬁlhﬁougbls¢tha1FmP12®%t0 w5 adizcent te ot Igaf Qrapt e R SYOf f er ent
"sets of dinpl higpRald esve dxheatgigl T bal |
20b of FIG 123"8’;‘1’?"’54%22*‘%9’%“‘@%'?ﬂgseﬁifmes@ghg%pul Pee 50 038 000, 42
and 44. 5 Bot h2.0% d:flthe siifage 22 qfale @nifball0. Thedterydipp %8ﬁh§ fosth sgt-Ad dsRlethave
had t he seyent et of. di i elifitce frodQhand 32
removed, a @ !ﬂ%& 5%9‘3"%%? t”gtf‘mﬂig {-%’%en?iqe" %&1% f&?e;%gh %{a%qhﬁ'la& all of the
di mpl es of t heeduator d4 aed the firsdpolel36s memmhnplcsqfnwoumh set off dipples 49 hain t he

fifth set of dinples 42. The force actin i's
cal cul ated by eﬁéh%teﬁm%& P%ﬁ"@gf‘f)‘fﬂ?pﬁ Wqﬁ%ﬁ%g @L‘E‘Stﬁkﬁgow%g (A
wherein Fis t@gna P4 End e isEdn@poleN2. B0, edehbf the Flurthsettofi inkplést40 D i s t he

drag; and Gis Qgravity. The lift a.nd the_dr An equation A are cal cul ated
‘by the fol |l owi Adjacsatiaithese differqnt sets ¢f dimples 9@3?%5‘ % FD = 0 scflapv2 (O

wherein CLajs the ﬁc@&ss%@&fo@n'o?h?ﬂﬁ%le Gﬂhh%lﬁth@etdifaﬂnﬁ&emfm shoemtin FIG.17s t he

ma. ~Ci mum 8rosssec ional area o e golf ball; 5 is the deg:‘ée g of the
air; and v i s ThhaediyslK, olﬁateldlmphewee@bprma@b’%m g5 s chorgdePty GeyiSt he 1 1

coeffl cient, CL~ may b ted, usin ) =
2FD / Apv2 (D) @EP“’X‘ZPEC Yﬁgb “?IE)S q‘ﬁémﬁgﬁtﬁgl a8 aﬁh%%?g' gégg%gnear?g ?%enl ess
paraneter that eﬂgl?r'ﬂhi'ué ERS jstdBBrokdhdtély 0f0358 Bichésal t o viscous forces acting on

an object mpving i f1hid. Turbulent flow for a di npl ed golf ball occurs
when R is greater than 40000. If Ris less than 40000, the flow




25 ~ may be lami nar. The turbulent flow of air about a dinpled golf ball in
flight allows it to travel farther than a snooth golf ball. The Reynol ds

nunber R is calculated fromthe follow ng equation: 18
011 19464 PCTN500/ 25402 12 R = vD~du (F) wherein v is the Zﬁgﬁgﬂgﬁ)%‘?‘% ty

of the golf b%éb%&g“s t he di aneter of thle gol f ball (usual bh,q,s@gsjoﬂches);'
p is the densi air (0.00238 slugs/ft' at standard atnospheric
conditions); and ~e is the absolute visco8ity of air (3.74 x 10"’

| b*sec/ft~ at standard 5 at nospheric conditions). A Reynolds nunber, R, of

180, 000 for a gol f \palrkhenRivd ROoRHiMEE s BRpidaced whiaemi @fe ofthekiiBsdt nhes, at
standard at nospheric conditions, approximately corresponds to.a ?lolf bal |

hit from the telmples £00h¢ twestyahimplgsofiithirdet eftimples FROQYST PP Ne duri ng
the flight of | £ bal n f -t 2i nse bl fihisghaatmaaessd. A
Reynol ds nunbe%,‘gg%f){r%’?SV&C%OE%QE%Q%QIZP b@é:tinad?\%ﬂeﬂgf%& EHS%AS\ agpr%%ed 10

di amet er of 1. GRatiaRCdigBsedatitid tha tiest bensispirers Ph ereieechaaredialidistance HpBlexi nat el y

corresponds to a golf ball at i apex, in. its i ! _ h,
which is thé pcﬁQH%tOH%”Pﬁﬁ%e f?re.trnoffé% HEE fep ?‘&r?ﬁe?é’ﬂhte%g;dgsg@‘{%‘té‘f’%smﬁg’%ﬁg |
travel s at its glANES}itihP@edecotd Rethibpheidi2B breicauhranagenl disanspiren tif equatgol f
ball after its reaches its apex. FIG 13 jl] ustrat f tE?e klftd'a%grﬁftg'c' ent
of - a gol f bal | Zoanditherseeand paledgl &lgasechphih mi*ssefﬂg PSR ¢S 4

VEnt1 on
t hereon as conmp . i f i RaRESSI ONAL, the Titlelist TOUR
PRESTI GE, the @(@%&%@Eﬁ%@?ﬂ%g ﬁe‘ MBxfli HT URETHANE. FI ﬁg 4
illustrates the dratcosesesiienf adimple gith¢ thisdpat obdimples 38 ioFP AP 'éafqlgrn of

the present_ jnventiaqgn eneon ! i ir§ He EESSI ONAL,

the Titleli E‘i S%RE&SJ# Eﬁ%’let%ési@x@ i [ ggﬁggﬂlﬁhﬂ%’ %ﬁghﬁrhe Maxftli HT 20

URETHANE. ALl of,dfi8matelyf0.0085 irkhdspihe thsy nglepais apmoximetety) 15 hédamessirgd thée gol f
ball 20 with the dinple_pattern of th .esent, invention, have a thernoset
pol yur et hane come.r%w@gd*#ppwacpma%ﬂﬁﬁf‘{fn%ﬁ% di npl e pattern of the present
i nvention was CO“StgiSeCt%qmﬁ&eéﬁﬁenmﬁ&x ek OF thé Fst sRAdfthplbisvbdre ti, Mds?, 024, |
filed on July 27, 1999, for a CGolf Hall Wth A 25, Polyurethane, Cover which
pertinent part sirdluentinbpfsth diffarsoy 3st5i0f dimplas y4-F s 18 .“‘%’%@“é@?&%nam cs of -
the dinple pattern Bh o i iviSfundred t@adte dinhpldstofthd h a
reduced dr ag°th@#ag%@gnttégﬁlgfggr?#géﬁi()fnt?é(;ggr%aglri?pggélll 20 that trtgvgjps g.' greater
di stance than géis sbak Hisapbds 38 icaver approvmately §3%iob s surface @2 pARCFOSIEN 20~ \wp

(01119464 PC_TN g/ogéﬁt(l)n%re%?fen dimples of the first set of dimples 34 that are disposed within the

first hemisphere 26 are disposed-in either a first row 80 and a second row 82 above the
equator 24, or a pseudo-star configuration 84 about the first pole 30 that is best
20  illustrated in FIG. 3. Similarly, the-one-hundred ten dimples of the first set of dimples
34 that are disposed within the second hemisphere 28 are disposed in either a first row
90 and a second row 92 below the equator 24, or a pseudo-star configuration 94, not
shown, about the second pole 32, not shown.
A cross-section of a dimple of the first set of dimples 34 is shown in FIG. 4. The
25  radius R, of the dimple 34 is approximately 0.0834 inches, the chord depth C, is
approximately 0.0053 inches, the entry angle 8, is approximately 15.3 degrees, and the
edge radius ER, is approxiniately 0.0344 inches. Unlike the use of the term “entry

radius” or “edge radius” in the prior art, the edge radius as defined herein is a value



As conpared to other golf balls having pol yurethane covers, the golf ball
20 of the present invention is the only one that conbines a | ower drag

coefficient at high speeds, and a greater |ift coefficient | ow, eds.
Specifically, as shown in FIGS. 13 and 14, none of the ot hégt“%f’ffzﬁ l's.

have a |ift coe~cient, CL greater than 0.18 at a 5 Reynol f
70, 000) and a¥APU4doefficierit CD | ess than 0.23 at a Re;dlﬁcol: @s ﬁ%‘ﬁger of

180, 000. For exanple, while, the Titlies§y PROFESSIONAL has a CL greater r
than 0.18 at a Reynol ds nunmber of 70,000, its CDis greater than 0.23 at a

Reynol ds nunber, of 180, 000. ‘Al s whil e the.. |l on&RY N Qasessdr ag
coef fici ent .CYtifFeddR RUYaRUeR ‘ﬁ‘.ﬁ?gé %ﬁtryé’na%&on%f%@%éué%er o’f 180, O%g, “ts CL is
| ess than 0. 1§¢aie dindi® ciReMROITHS finturdsEcond defivad@s of thatwhBéziersyaresiaret he Rul es
of Golf, approved by the Unjted State | f, Asgoci atjon (" USGA The
Royal and Ancifersed ‘G%FFCI‘BI‘ EFBhléPm@aﬁeﬁ’[‘edi?ﬁd cfAge raa'i“ﬁﬁ%tsth? RS iaﬁllgsféi%aﬁ)s_hve ocity
of a golf bally, %fq.%i(? 6B ne bifiRirdd QimPRS oXBERB6hd(s3t df Wimpley Teind themextrum
tolerance allows for an initial velocity of 2~5 per s,econﬂ and the overall

di stance td 15ne8iflyentidbof{tixatifigrensseisofdinples Hedtcdisdo heir BFERTSIF A, t ot al
di stance of 296.8 rd i Oht Esbebid f our
éﬁ%f"é‘g‘g oazbse((:sﬁl}qgcteilz)éf ﬁ’a? 'é(?lﬁg&lllguO HRE @ﬁk‘;ﬁmlﬁfﬁ}d dRfplbLoFRREsEC

percent). Ac i'on 0 [es of Golf are available on the
USGA web page sat ofivplessicovergpprokitmtelyt 2286 ofithet suefhce2lof dhetgplibath 28 dhuy |

di stance of a golf hal] nust no ce t hes Pyt i o conformto
the Rul es of C%gqﬂ.‘er%ﬁéj’r’%%tr"é,d‘ pﬁr@%égycftﬂggﬁc?n%! #%&éeg | rr%lnlgq%g{tern that 20
enabl es the gygr&ﬁﬂldteclf%%%fﬂﬁ@ﬁrfac&ﬂoﬂlﬁ&gcﬁﬁhﬁﬁed., The@&edinpiiso§the 16 Mar ch
2004 PU | 057- | 4/ | aine 1. A golf ball, havi g‘la tsh érmigﬁxted? I0 44 et hane
cover withl® swependeet af upRledo thas ae gispese 3’?1}““31&{% REmRReE 28 B PRIty of

di fferent set sy b di, MRl ESwHeBARGEE Qatb) € sdebid RaRgoreHI2 uboit thBrsdpdlé er ent

sets of dinples having a different dianeter_ than any oH:uer set. of di nples,
wherein the ch¥dr deqs Hraskition augdmal ragion 7 Grpiimdarys %ﬂﬁ'@y imples ?é‘?e Eﬁ°°“‘rp :

different set Sﬁ?}é%&%\ﬁfél’. g@ﬁaﬁm‘?@%’éﬁ@d\w&ir@ﬁlﬁecbﬁw&nﬁ e 28QRMiégacdd inwher ei n

the chord dept e bottomof the dinple froman inaginary

hori zontal pl aeitheexthird dowgé belowthamqnator 4] asetand PERSREOBA PR NBYSPPWE: 0GRV at ure .

of the di e, ,and whereinh each of the di. ep L Rbf

di fferent Wi%t sthgpecgp ?lgéﬂﬁégo%ﬂéﬁs’r"ﬁn g"hg@ier&srg%gn ﬁlie eJrsi;‘E {r:dié gér'lzﬁ?e_ of each

- dinple is betwggiplelet twdedfd setad dingses 36 lieshown inFlGng| The rdigeR; eftle gisnleen t he
-intersection of a tangent extendi ng ou rd froma fi. i Ll poi nt
of the curvat uP@isgrreREatsly PP ‘5ﬂﬁgéhet°§\é\@élﬁ?$ggfseaﬁatlfosr(lé%})ﬂ* gvglr)%cl%‘lr:%ér%] a

second i nfl ect lann ROkl @ls iifoxkindly 75 dfireck aq Bidagd AGiUSEROR: each di mpl e.

2. The golf ball ‘according to claim1l wherein the therrnoset polyurethane
cover has a t happordmatelydd-93d8inches30 and 0. 038 i nches.

20 As best illustrated in FIG. 1A, each hemisphere 26 and 28 begins with three rows
from the eq'u'ator 24. The first and second rows 80 and 82 of the first hemisphere 26
and the first and second rows 90 and 92 of the second hemisphere 28 are composed of
the first set of dimples 34. The third row 86 of the first hemisphere 26 and the third row
96 of the second hemisphere 28 are composéd of the second set of dimples 36. This

25  pattern of rows is utilized to achieve greater surface coverage of dimples on the golf
ball 20. However, as mentioned previously, conventional teaching would dictate that
additional rows of smaller diameter dimples should be utilized to achieve greater

surface area coverage. However, the dimple pattern of the present invention transitions .



16 March 2004 PU 10S7-WO f 5/ 1 3. A golf ball having a surface, the golf
ball conprising: a first plurality of dinples disposed on the surface, each
of the first . plurality of dinples having a first di amatereﬁ qh 4 inch;
a second plurality of dinples disposed on the surface, eacﬂ arg 4ecor.1d 5
plurality of (dispbes having a second dianeter, the. second g@camBdorssugr eat er '
than the first n dianeter; a third plurality of dinples disposed on the
surface, each of the third plurality of ®#nples having a third dianeter,
the third dianeter greater than the second dianeter; 10 a fourth plurality

of dinples di s OfedubiCsisplcl f6Ea p@REBnD fepldh®8l TUE béntqyonul adgidnP8G§  di npl es
havi ng a fourt%l% ia?reteq?l,gl tlhgefourtﬁ dianeter greater than the third

di aneter; a f ibkstieeplinFKL.i26y Aosimilarpsnimgonsl wgivs 98a SRt PAWNSE AisResed 3Bt h of the
fifth plurality of dinplgs V] f L ' | fg2h 1o, aoeet er
greater than t esef°6‘glpfq% 3?5@?8%@%@??“%@%%%@? %\E{)nltaugﬁ)ggﬁli({o fof di npl es

di sposed on t had $08 dxpamiingheh tieffirstpelesiox Simitdr peathgonsy 1¢ffa, Hi2apl0ds 1A% ng a

si xth dianeter, the sixth di ameter,gr.e t i it j nd
appr oxi mat el y 418 @F‘Pﬂ_fﬂ_;rh"m fesPaT _ﬂ°lf g%‘%er%?{b eé"}ég%‘{lfc?B Ct}Itl ird, ﬁfg?t h, .
fifth and si xtga ¢Fldunfbd 47. The SoRDpetiiagpl B2 comsiss ofathe seearst setdfgiimples ¥r ee

percent of the surface of the golf |l.. 96.Mar c 04 PU | - 15/ 2 4.
A gol f bal | halherkjrdpentagpmbitonsiss 98&%@?&%0E@9’8[653A4'?ﬁwiou§t lllj{rpfe g.tg on:/iﬁgr eon,
the golf ball a@&%ﬁgﬁ&é §ﬂh ArsPet bdiinples 04, The i@ pethgdRel08 carfsisthi ofHedsstdi sposed
on the surface, each o the di fferent sets of dinples having a different

di amet er t han sshyf dimples 34ad the sixthset of dimpdes e Horigvernibe garHIRed} each
of the dinpjes of the | | GhSleQfisplbditeRieh e igidreen

0. 0045 ingﬁd an o‘.’”ﬁ@gb'p°.h‘}r§‘f?ﬂd,ufé§4‘efge“fa%5‘§ L@%ﬁ%}l? apgfot ﬁSF{és t he gepteh to the
bottom of the w@ingslaad tHedifthareniagenyi 08aEe pontagopattredion?Satlo we RTahISBRIETf r om an
inflection point_of the. curvature of .the dj \wherein each of the

di impl es of thesuﬁﬁaﬁf‘raéﬁ’aic%ﬁ%#‘"’@iefﬂag?%r?tfhggfegé’g?rlv ?t}r(%?es has an edge radius, -
and the edge radi UgGOiB aneRatdOfivh riphgdesi 130488 tmeronpog2be pentegond s@id8hes. 5.
A golf ball having a surface, the golf |1 _conprjsing: di, ol es,

wherei n the 38Paghedpingdddillustitesithe %maptsﬁg%atgg%ghgmaﬁegl%g%? {évgq'?lg of -
g!mo'. es, teﬂﬁth Herihbieriatine Raslif dnahRidinaeégior0fo. di npl es, having a different 15
i‘amet er

an any other_set of dinples, and wherein the 382. di npl cover

at least 86% of t hés gt itlysteategrin Fife: IRorH ofthe #!mp?ésyfg‘%@f%ﬁ%fdgﬁ‘g%ﬁ%é"ﬁm |

(1671 6. A gol f, pgll o?ﬂi\fﬁpqi&@a&lﬁ?ﬂe%getgpdﬁﬁfplewh brelispuicianeir her eon, t he

golf ball conprising. a urality of different sets of dinple d|§gosed on
‘the surface of trusitionfimitudisal regiansdf and A HThsfransitionylafiudinglyegians D 43¢ 7§ np| es
having a different. di ter t [ NG horsedm 8fe rSvi18d, 83, 86t 918 92
plurality of dfrﬁsétfogrﬁenggﬂpge pgpagiortﬁ%l}%epg&grg\%r?% atml gg;_st . ei_bht y. percent
of the surbaceanfostidiethe pehthgdnal fegions 98 and 98a. Each of the transition latitudinal regions 70

and 72 coveér a circumferencial area between 40 to 60 longitudinal degrees from the

equator 24 in their respective hemispheres 26 and 28. The first transition latitudinal
region 70 has a polar boundary 120 at approximately 60 longitudinal degrees from the
equator 24, and an equatorial boundary 122 at approximately 40 longitudinal degrees
25  from the equator 24. Similarly, the second transition latitudinal region 72 hasa polar
| boundary 120a at approximately 60 longitudinal degrees from the equator 24, and an

equatorial boundary 122a at approximately 40 longitudinal degrees from the equator

24,



wherein the golf ball has a |lift coefficient greater than 0.18 at a

Reynol ds nunber of 70,000 and 2000 rpm and a drag coefficient |ess than

0. 228 at a Reynol ds number of 180,000 and 3000 rpm 10 7. %qﬂﬁﬁbEOBQ

according to clalan wherei'n the golf ball has a drag coeff

than 0.228 at g % Ids nunber of 180, 000 and 3000 rpm 8. %?@'@B% baH

according to cIa|n1 wherein the golf ball has a lift coeffl B

greater than 0.24 at a Reynol ds nunber ofy{70, 000 and 2000 rpm 9. The golf
11

bal| according to claim6 wherein the thernoset cover is a thernoset
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ao 111ustrated in FIGS. 11 and 12. The dimple pattern on the golf ball 20a of FIG. 11 only
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~ following equations:
20 , - Cp=2Fp ? (D)
CL = 2FL /Apv? (E)

The Reynolds number R is a dimensionless parameter that quantifies the ratio of

inertial to viscous forces acting on an object moving in a fluid. Turbulent flow for a
dimpled golf ball occurs when R is greater than 40000. If R is less than 40000, the flow

25- may be lﬁninm. The turbulent flow of air about a dimpled golf ball in flight allows it
to travel farther than a smooth golf ball.

The Reynolds number R is calculated from the following equation:
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R=vDp/p (¥)
wherein v is the average velocity of the golf ball; D is the diameter of the golf ball
(usually 1.68 inches); pis the density of air (0.00238 slugs/ft’ at standard atmospheric
conditions); and x is the absolute viscosity of air (3.74 x 107 Ib*sec/ft? at standard
5  atmospheric conditions). A Reynolds number, R; of 180,000 for a golf ball having a
; USGA approved diameter of 1.68 inches, at standard atmospheric conditions,
approximately corresponds to a golf ball hit from the tee at 200 fi/s or 136 mph, which
is the point in time during the flight of a golf ball when the golf ball attains its highest
speed. A Reynolds number, R, of 70,000 for a golf ball having a USGA approved
10  diameter of 1.68 inches, at standard atmospheric conditions, approximately corresponds
to a golf ball at its apex in its flight, 78 ft/s or 53 mph, which is the point in time during
the flight of the golf ball when the travels at its slowest speed. Gravity will increase -
the speed of a golf ball after its reaches its apex.
FIG. 13 illustrates the lift coefficient of a golf ball 20 with the dimple pattern of
15  the present invention thereon as compared to the Titlelist PROFESSIONAL, the
Titlelist TOUR PRESTIGE, thé Maxfli REVOLUTION and the Maxfli HT
URETHANE. FIG. 14 illustrates the drag coefficient of a golf ball 20 with the dimple
pattern of the present invention thereon as compared to the Titlelist PROFESSIONAL,
the Titlelist TOUR PRESTIGE, the Maxfli REVOLUTION and the Max{li HT
20 URETHANE.
All of the golf balls for the comparison test, mcludmg the golf ball 20 with the
~ dimple pattern of the present invention, have a thermoset polyurethane cover. The golf
ball 20 with the dimple pattern of the present invention was constructed as set forth in
U.S. Patent Number 6,117,024, filed on July 27, 1999, fora Golf Ball With A
25  Polyurethane Cover which pertinent parts are hereby incorporated by reference. The
aerodynamics of the dimple pattern of the present invention provides a greater lift with
a reduced drag thereby translaﬁng into a golf ball 20 that travels a greater distance than

golf balls of similar constructions.

AN
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' number of 180 000. For example, while the Titliest PROFESSIONAL has a C, greater

than 0.18 at a Reynolds number of 70,000, its Cp is greater than 0.23 ata Reynolds
r}umber of 180,000. Also, while the Maxfli REVOLUTION has a drag coefficient Cp

greater than 0.23at a Reynolds number of 180,000, its C7 is less than 0.18 ata
10  Reynolds number of 70,000. '

In this regard, the Rules of Golf, approved by the United States Golf Association
(“USGA") and The Royal and Ancient 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

15 280 yards (256m) plus a six percent tolerance for a total distance of 296.8 yards (the six
percent tolgrancc may be lowered to four percent). A complete description of the -
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 has a dimple pattern that |

20 enables the golf ball 20 to meet, yet not exceed, these limits.
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golf ball comprising:

: 5 -a plurality of different sets of dimples disposed on the surface, each of
the different sets of dimples having a differenf diameter than any other set of dimples,
wherein the chord depth of each of the dimples of the plurality of different sets of
dimples is between 0.0045 inch and 0.0060 inch, vi'/herei.n the chord depth is the depth
to the bottom of the dimple from an iméginary horizontal plane extending from an

10 inflection point of the curvature of the dimple, and wherein each of the dimples of the
plurality of different sets of dimples has an entry angle, and the entry angle of each |
dimple is between 13 and 16 degrees, the entry angle is defined between the
intersection of a tangent extending outward from a first inflection point of the curvature

of the dimple and a tangent extending outward from a second inflection point at the

.15 start of the edge radius of each dimple.

2. The golf ball according to claim 1 wherein the thermoset polyurethane cover has

a thickness between 0.03.0 and 0.038 inches.
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1 a first plurality of dimples dlsposed on the surface, each of the first
plurality of dimples having a first diameter of 0.124 inch;

a second plurality of dimples disposed on the surface, each of the second

5 plurality of dimples having a second diameter, the second diameter greater than the first’
) diameter; '

a third plurality of dimples disposed on the surface, each of the third
plurahty of dimples having a thxrd diameter, the third diameter greater than the second
diameter;

10 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
diameter;

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

15  diameter; and _

a sixth plufality of dimples disposed on the surface, each of the sixth
plurality of dimples hé\}ing a si_xth diameter, the sixth diameter greater than the fifth
diameter and approximately 0.186 inch; '

wherein the first, second , third, fourth, fifth and sixth_ pluralities of

20  dimples cover at least eighty-three; percent of the surface of the golf ball.
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golf ball comprising:
a plurality'of different sets of dimples dispose;d on the surface, each of

the different sets of dimples having a different diameter than any other set of dimples, -
5 wherein the chord depth of each of ;he dimples of the plurality of different sets of

dimples is between 0.0045 inch and 0.0060 inch, whgrein the chord depth is the depth

to the bottom of the dimple from an imaginary horizontal plane qxtending from an

inflection point of the curvature of the dimple, wherein each of the dimples of the

plurality of different sets of dimples has an edge radius, and the edge radius of each

10 dimple is between 0.020 and 0.050 inches.

5. A golfball having a surface, the golf ball comprising:
382 dimples, wherein the 382 dimples are partitioned into seven
different sets of dimples, each of the seven different sets of dimples having a different
15  diameter than any other set of dimples, and wherein the 382 dimples cover a;tnleast 86%
of the surface of the golf ball.
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thermoset cover, each of the different sets of dlmples having a different diameter than
5  any other set of dimples, the plurality of different sets of dimples covering at least .
eighty percent of the surface of the golf ball;

‘Qherein the golf ball has a lift coefﬁncient greater than 0.18 at a Reynolds
number of 70,000 and 2000 rpm, and a drag coefficient less than 0.228 at a Reynolds
number of 180,000 and 3000 rpm.

10
7. The golf ball according to claim 6 wherein the golf ball has a drag coefﬁcient:

less than 0.228 at a Reynolds number of 180,000 and 3000 rpm.

8. The golf ball according to claim 6 wherein the golf ball has a lift coefficient

15  greater than 0.24 at a Reynolds number of 70,000 and 2000 rpm.

9. The golf ball according to claim 6 wherein the thermoset cover is a thermoset

polyurethane cover and has a thickness between 0.030 and 0.038 inch.
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