; €3eh$Vv6Th16 March 2004 WO 01119465 Title PCT/ US00/ 25434 GOLF BALL DI MPLES
W TH CURVATURE CONTI NUI TY Technical Field 5 The present invention rel ates
to a golf ball with a dinple pattern on its surface. Mre S{)ecifically, t he
present invention relates to a dinple pattern for a golf balf Marphr200dach
di mpl e has wo eyt ure continuity at the entry radi us, tRherusioheski on point
and the center point at the bottomof the dinple. 10 Background Art Colfers
reali zed perhaps as early as the 1800's that golf balls with indented
surfaces flew better than those with sn@@th surfaces. Hand-hammered
gutta-percha golf balls could be purcha Y at |east by the 1860's, and golf
balls with branbl es @OIRBALBDIBIPLERVITHECURY ATERE GONTINUIEYf rom the |ate
1800's to 1908. In 1908, an 15 Englishman, WIIliam Tayl or, received a
- patent for a golf ball with indentations (dinples) that flew better ad nore
accurately than golf balls with bral Spal ding & Bros., purchased
the U S rights to the patent and iﬁ%@%ﬁll{%@t he GLORY ball featuring the
TAYLOR di fpl es. Uidhe presdntiny@itios relatesto @lgORalbwith a dimple pattstn antitsesurfapel f bal | s
wi th dinples had 336. di.nmpl es of .t he.sane, size .usjng.the sa ttern, the
20 ATTI pat t AGre SRetdArTherts e iveRuG R e3 SRl Eor SRR B el o
ei ght COﬂCentdaélCdiﬁl?Ie&iahlburbitme chtity WthEéhtpRsdiA e thfREAE poidd @ndhE N
producer of nolds for golf balls. The only innovation related to the
surface of a S§uFrPaet thgfetiamgotthe dimplecty year period came from Al bert
Penfold who invented a nesh-pattern golf ball for Dunlop. This pattern was
invented in 1912 and was accepted until the 1930's. 25 In the 1970's,
di npl e palt® ern innovations appear edBaskgrounddrtmaj or gol f bal | manuf acturers.
In 1973, Titleist s n.i cosahedr o atter i ch.divides the golf
ball into twenty ﬁ%ﬁ%ﬁ ]gereddpreglﬁf) sozhsse?‘ﬁ%?‘ls%%gﬁs@ﬁé@ﬁéﬁ‘%@kﬁ@@n‘“éﬁ‘gﬁdi scl osed
in British Paufaies Newrbetter théd tidSelwith snladii suyacedo MaBdmméredvgmerperdhdi S pattern

had 16 March 2004 WO 01/19465 PCTl USQ0/ 75434 (i l es lying on the
equat or of ttgé’ffd’éﬁgrcoﬂgjltleﬁ}bfﬁh% P‘s‘eﬁwgélls@ %’H@%l{mﬁglthf"ﬁ@b the nol d

for the golf (Qﬁhﬁs-ra&ﬁ%ﬁﬂdbﬁisﬁ&e it §61e HoRSALRANR00° PR {998 NI RBHghpcoe the .
dom nant pattern on golf balls today. In the l'ate 1970s and the 1980's the

mat henat i i arfnglishmaneWillipro Tayjot, tecbingd a patend farfagelf balbwith indentatéds t hei r
intention on jd i | f : r cqvered by

i ol sy of | AU Ao el Hork Bechidio P BER S KR KBRS 2 ool 1

bal | s vvag ap Spaidingast B'“ﬁ" 5&%asédltfhb mﬁs.@m;}@m ph&tdﬁd@kmﬂxgﬁ??ﬁ&ﬂmm ea

i hcreased to ater t 0% of the surfa of a ., Furt her

br eakt hr oughé% ﬁ“éf”é‘é‘g é‘&faf%‘&(ﬁ Amrics éfﬂ“‘i 5‘6@8&5&3" pg%g&e‘?aﬁw‘%m‘lﬂ? gherpyt ent
Nurmber 4, 949, 3#PaliPwit SidpRIhEDPIEImles 6f t0S Stnekfle AsifPIte shad pattthd the 78% di npl e

coverage with up to 422 di nples. The 1990's have seen the dinple surface
area bred® i mollpatergTheT Ernagern wan an peiphsdrongpttern.isplitriataeight ¢apredrion a gol f

bal | ; . : i f he ATTI
al'l surface sﬁaggtﬁgaﬁg?%%ﬁﬂ%ﬁg nithdd befel e ;f#{/n @%@c@{ og’gxogcg‘fg%gfﬁaauér e

pattern disclos l'e pattern wth o e. The nunber
of different typeFhobnlgimpiaonirdaedasiadsurfacedf aghif bal diringahiesiktylysart ypes of

di npl es beconing, t he preferred er. of different t S i nples. U S.
patent - NonberPeetytaa e et PonsBH G iniioisda e filest ¥R tor HoflP 1 v
different typms paiterdlivig ifentedinSI9n b asewatueéptet AatinpNTgdonpl ed surface cannot
contain an additional dinple. United Kingdom patent application nunber

2157959, %50 St eveln they87fes, dimnle paisamingnvations aprepted fromthe mpjor &oleball di anet ers.

Further, WIlj ﬁ‘afkgéfl 57 Hefesht Mrdfuckd ﬁbﬁgé’dgé PR GiviB& hdas

di nples with e@e\?en |'fPer ent %l%arret ercs.prgee 0 I%%ar é’% C}QWI Bai“?s,

Ant i que Tr adegoBbelk sto pyeegty tii@gulakHmgener An icosebedrompptdinmdsalisshseddnns
British Patent Number 377,354 to John Vernon Pugh, however, this pattern had
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with nultiple dinples for a golf ball only has value if such a golf ball is
commercialized and avail able for the typical golfer to play. Additionally,
di npl e patterns have been based on the sectional shapes, .such as 25

oct ahedron, dodecahedron and icosahedron patterns. U.S. Pattniafch2004522

di scl oses gy@glibaggal | dinple pattern having pentagonal fgepEdobs¥asy W th
equal |y nunber of dinples therein. U S. Patent Nunber 4,880,241 discloses a
golf ball dinple pattern having a nodified i cosahedron pattern wherein

smal | triangular sectlo lie al he. equator toQ 2 16 Narch 2004 WO
011 19465 pr oipRieHly e op eﬂ\“’é‘ér °§§1§%P’tt§|ba“W%?ﬁ@%?@%é@d’aﬂt@gfl@??ﬁ@F enhance
aer odynam cs of 04 fdr B gBif'bglhtNé\fenﬁel&Qlﬂf)e 1@&aﬁedr6nr Qﬁ%h%@orﬁéth@h@mﬁaﬂﬂjl es have

been studied and i nproved upon by the go I ndustry. For exanple, Shinpbsaka
et al., US. pmmgwﬁbﬂﬂétodgyno 676 for a Gol f Ball, discloses a

crosssectional ar 1 mm be the dinple
edge. The di npl es?(a)"pg[aﬁeeﬁgﬁﬁ g%ﬁﬁ@f gﬁl’“ﬁ?f}g&éﬁmg&ﬁp\}%ﬂgrﬁd@w&ss- section
bel ow thi s | enaphfastureesfodused mdgihﬁenﬁim 6ﬂ1ﬂc:€islﬁg|tﬁé§dlﬁhblbd@u&091reﬂ'(fhaﬁx€a rounded
after painting therep d% rtin ma nmaster's reverse dinp ttern.
Aot hel - examPETTeoy AP BF  a9i Sl G BT SURfRFer B4 bpeSe T, S Col

Ball, 10 and v&é@%&infﬁﬂhte@tw% Intﬂe’ 19’&) \qu Iﬁ‘i’t:tc‘r:'n ;leﬁ‘lmgé area 1?151%&5%§90 grbftr @

Two- Pi ece Solid sclose a gentle transition over
t he edge por tthaorﬁo%rofélmsnrfenemﬁa eolftraib Plﬂtthftfé)f@hﬁiwﬂahﬁagﬂsasﬁd thadimpled ar e
particularly f onorrer
mat eri al . Yets‘qug%gﬁfggo g}erﬂ))?% asas 43‘94(\9%\/7?%0 ﬁ@?%%%%%fl& dtm% Sé

I5 906, SﬁJIOLOYaglalfb511GﬁIhZS‘Balidlpchvcfhbedltﬁﬁﬂ)%ﬂdhﬁmemg‘hélllﬂﬁd Qlﬁav@@eehhe partl ng
i ne. The |rrp es on the parting |ine have an entry angle that is greater
than di npl es tHefimplg uriase afep bregk intathe 396 LONCKEEI ne. .~ The use of a | ar ger
entry angle for pepdwthet biterFedTR]nSsiesioR a@%ﬁb@&ﬂ&@éﬂ%a%ﬁ&%&éﬁm@ | nprove
the symmetry. Anot her exanple of entry angles of dinples 1s disclosed in

M yagawa et d&he sutfasg aragowraagen Thalyblpatiemgiplogaia dimple pattedy with Balylone The

M yagawa pat h n e er to
pr event Iowe?ﬁ%op‘ﬂﬁlp [ Q‘hgﬂ&ﬁ%éﬁ*gcﬂ}‘t‘ |§$’q\,‘¥|§§ gdlg‘ge ﬂ’ c?egsegé ﬁfﬁ‘?/eée dﬁfe?énq Anot her
exanpl e df nwpepommmmbecﬁmhigehee;ﬂt::ferrmnumbdi oflifferers t)diesoﬂdh&prds itSCka, et

al., U S Patent Nu r atent has a
sharp 25 i nc:PF"ﬁﬁttN 6’|4é% W(le(ﬁ@ ehai g“ﬁ%ﬁ?eﬁagg?ﬁl%we%“%%qégfﬁ‘p’ﬁtﬁge\?ol une of
the dinple. AfgaRisionkefdcs Wivrd HRMIAINPIIuEcRARRS cortaifl S addrfomd | N Boehm

U S. Patent Nunber 5,566,943 for a Golf Ball. The Boehm patent discloses

di npl es t hat diverle United Kingdom patensapplication rwnber 1S725% orfiieven Aogema, Essent i al | y,
t he side wall f h l,s at a 90
degree angl ed'fsgl tﬁ%%ﬁnﬁéﬁgﬁ ‘\%/rﬁlfté g ﬁmﬂ’ﬁgﬁxﬁﬁg‘? %%g@ﬁle@?gag?ﬁ%gﬁ?g&ﬁl ts with an
i ron. Al 2Rougtbactabedrorepatteinuied hatimples withtleedneiiffpatt dntmsterse|Seae 660 Year gol f bal |

di mpl es, ther i eed to ve upon current dinples,

e 1 cul ar 'y oF g7 Bt ARG o OB pied 1SE BEM Gt ractt BRI APS o ¢

bal s w th tRehimasile fiadpidd fartapalidall oM has wliehf sush b BeIf Bixik| i REVOLUTI ON, the
Maxfli HT, the Tit]|eist PROFESSI ONAL, the Titleist TOUR PRESTI GE, and the
Sl azenger RAmm@ercgﬂedr?@éaV%ble&ﬁﬁ@m%s?I&rtcmév. nherent properties of the
pol yur et hane mat eahdbonly limple GifisTabd Bech! Bfse® bn HE séckbial FBBW, Sichuls | N9

techni ques available to covers”conposed Iononer materials such as 10
r.ot o- fi ni2§hi netahedrom, dodaeghbdron anddeasaledrop patiérss. (V. 8 fatemt §,280 152 didclasesthi us

d h | osed
owever 1 hopal PATGITBR Pt aid A RRonn) Tt S M40V Sl Ol
aer odynani cs tefeid g8 Patérd Numbkd 488,24 D @iscose b ghi@bMLdiatpleafater Gidfig a 15

Di scl osure of the Invention
modified icosahedron pattern wherein small triangular sections lie along the equator to
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The present invention provides a novel dinple cross-section that reduces
the drag on, a golf ball while increasing its lift for greater distances.
The present invention is able to acconplish this by providi 8% cont i nuous
curvature for each of the dinples based on a quintic Bezi erl! c'@)zgoﬁspect
of the. pragebdiioagdvention is a golf ball having a surfacgecidsbgeam Wth a
plurality of dinples on the surface. The contour of each of the dinples is
continuous froma first edge of each of the dinples to a second opposi ng
edge of each of the di ées. The contour at the first edge nmay be equal to
the curvatur ePTBYId%aQ'B’rPg') CFU8¥e gol f ball. The curvature of each of the

di npl es may be COMeRirther @Afahdbhefddiaini@daI&hd Bight of @ gblf bAll, theebisfd df@le POI Nt
and fromthe second edge to a second inflection point, and the curvature

" may be concavéimples igxebeerndudiqdragd imprpyed aiporoby thegqif indwitry+ Fer exawpled i nfl ecti on

poi nt. The di t f | oYW ion: P(t) =
3 Bl Jn, i(t) <J“tgsag§gtzf‘9%'f61%fé’?&’g’%ﬁﬁﬁaﬁ%ﬁ?&@aﬁcﬁﬂ%ﬁgﬁ Z . wherein
Jh, 1(t) _5( sektignakaréa df-each'ditnple that is squedj(fll mirobedtw the donplé edge, Thend i = n + 1.
The radi us of ,.each ipt. froma hottomcenter to the first .edge may be
i 11 er ent 1 - oHHRIRy OER SRR RyF SR SHHCRIEEh PR HEIeTs POE° ecige.
The radi us meye BEedbeRE 8ifpledabdvd®.00 irh RrGRBERATter Paitih@itPsbyePpRang Of the
present invention is a golf ball having a thernoset polyurethane cover with
a surface t helremnmayes gyersedimplsivaidic t her noset pol yur et hane cover is
coated with at le 0 Qa“s% | di mpl es
on the surface, an o?ﬁég%grﬁ%egg?ﬁgfcgggg}% gétex?ﬁl'é‘lngl rrf)‘@gglh’gﬁ ﬁéoﬁ%]?]r?glg’us froma
first edgtd of andddmagishitehel.,dl. SpPaent Nombersgt5d,889, dppcbvaBieedipdiddioliBally of t he

di npl es. 10 Brief cr.iption the.Drawi ngs, FIG. 1 is an equatarial view
D ot orr PR disdoss R Bells shahstia el Rigt pehiod of B RivBiR 38 Bl @ 1A
i's the view Ofhafalafdl Yamhgishil pAteraé ar8 PartibifarlyQlrected atdigbWib@bwithachlels 1 B is the

viewof FIG 1 illustrating the transition region of dinples. FIG 2 is a
pol ar vi ew of compesedeif fn jpapmergpatgrials, 1. FIG 2A is the view of FIG 2
itlustrating the | . . jy gl \E™ b66.451G00d EW of .
FIG 2 illustrati ﬁ’;e%fc“ﬁ’gﬁeg?%g e 13%‘3%%,‘?2‘%5@%-89;?2?%t%’§on 5’%‘8%1?@%523‘."420 FIG 3
i s a pol at5 vi @uif Ball, whish discidsestimbing diinplds@n the patting dine. athieniymplacorsthar '

configuration. FI 4 is an enl arged cross-sectional Vi ew.of di npl e of a
first set of PFRETnE bave andary s dins srpict then dipaletife donotigondfe "G 4a i o
an isol ated CpEfmRC ThomRlof ¥ 1a8ibr Efryl dnple $dripartiag lihedithplek i theé Masasliimhhe 25
entry radius. FIG 5 is an enlarged cross-sectional view of a dinple of a
second set of PAEDH{SIIQENSPVEthesYJumetYha| | of the present invention. FIG 6 is
an enl arged cross-sgfet Qfple\dreiinyCingRs Of dTRbRs BldisBlobddlih Mipfhwa bt 4 UTB! €S 5
16 March 2004 of the golf ball of ghe present invention. FIG 7 is an

enl ar ged 20 osRatent Buinberd.857i984v forfa GoliBalp| Ehedviiyagaive patent hawthe entripanglsl es of t he

| f ball of th i i on. ; - . I
00y or L o dAGeoRsRE 26 bdfoeS T drlthuo frbin: Bukring U oY HEApRART TERS! ! O
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




5 of the golf ball of the present invention. FIG 9 is an enlarged
cross-sectional view of a dinple of a sixth set of dinples of the golf ball
of the present invention. FIG 10 is an enl arged cross-sectj |, W] of a
di npl e of a seventh set of dinples of the golf ball of thet‘g&@%‘é‘m#b&v
invention. 10 FIG 11 is a cross-sectional view of a dinple of the prior

art. FIG i - ' j I, Qi e of the prior art.
B G 13 1 Do el 3 SRl Al th B B RIOE s U T P stk e Fon
FIG 14 i hitawdthesdrgtecti onal side view of the dinple of FIG 13. FIG 14a
is a cross-sectional side view of the dinple of FIG 13 illustrating the 1
S entry angl e ahbheugh thererare inreds of publishad patenta related to gaif bdlbdialplesi de vi ew
of the dipple FIG 13 illustrating the brjdi.ng curves ysed to. construct
the cur vamjﬁ'%ﬂm TOAINSA RgRddo ipprove i‘B‘C’,’i1 gurgenggmlﬁgtpp@ﬁulg{ly ongodiballst t he

di stange HOthaRTsENshl i t RRES di us,

W th a cross-sect isoﬂﬂoofﬁxfﬂmgﬂg% e,@?lgrgala di m&{égng%égg%]%gﬁﬂé P@e‘isgrt to
denonst r asech dsdhe Maxfla REVODUTHON; the Maxfli HAI, the TifleissPROSBIBIONALOtheof a

gr aph of i, m.one_end of a dinple tqQ an opposing end versus
t he radi uﬁfwttﬁ%mf@ @p@ﬁleoﬁlaqeﬁger@.% €20 allpeed teicompansete forrthe pr esent
i nventi on; t G i NI FI.G 17.is,a graph of
the 11t Earf BRIRHIG SR e B Al o O okt b B 11 Tt e

drag coef hisnufsoturitgrtscimiqiry aedithsleto thodrs chthfosed ¥f idhomet hafkenkaath anal vi ew
of a.golf ball of the present invention. Best Mdels) For Carrying Qut The

I nvent onrote-fisighing. | @nepmple t@ovescqmae thisprpblemsis rafliuy defign spehtaed 20.

The gol f §; h.200 0] 19465 P 434 bal | b
- b ece S5oA% HPBRER 5o PREBENRD ) Tl VYRR Qi POl A5RE. ba |
may have gorbdiffblé @868gned b naxiRizk %e%%ﬁéﬁi%c‘s%fﬁgolfmﬂ wiflVetheoskne gol

ball 20 may be any suitable material. A preferred cover 1s conposed of -a

t her npset Pplymsatianeteaner. rat eri al . However, those skilled in the pertinent
art will recognize that other cover 5 materials may be utilized w thout
departing fromthe scope and spirit of the present invention. The golf ball
20 mays have a finish of a baseppafosARIrehe hoshtopat - The gol f ball 20 has a
surface 22. The golf ball 20 also has an equator 24 dividing the golf bal.l
20 into a firs{Thagnisephioventd moddes spmehdinpdetophisrction that Adhedsshe pol e 30

e 5 A k50 B B el B e B
along a | gngiid tbdic@é‘ﬂlrxgﬁ%}gﬁ;g mﬁgﬁg@%@@%‘“&ﬂ Jhie féxe%gggglﬁﬁ;ﬁ@gggr e 28.

On the surface 22, and 28, are

partiti onbasedwna qantinBdziéf.er ent sets of dinples. A first set of dinples 34
are t nost nuyper ous di {Epl es consisting of two-hundred twenty dinples in

t he ferred GaPert Af thepressntinventipndg a gokf ball hayiag asurfagechemsen withia nost
nuner ous g ANSi.Ski e.n}'lw Lml ATH f dinples
38 and a lcl)%qu%tﬁ%g g._ﬂﬁlgl]g §é?%%§fa§% ar e“Q)tgi‘%oglﬁj Rgéﬁmﬁoﬁ‘%" @H‘#éérsdgg&\%{ntuﬁuseach set

38 and 40fronnsfifstiedge of eachelithe diinflds @5 a sétohl eppostigcddpe @f eddnadithent . A fifth
set of dinples 42 and a sixth set. of dinples 44 are the next npbst numerous

vii t h eachdBeples; Thecgnioar abths ifisstiedge mry be gqual ko thesurvatury of pspitere ofthie 20

enbodi nen set ~of . di.npl s 46 consi st of .onl - dinples. In a
pr ef erredécélr%gg@i %rrgl%t% g}\{g .egg%cgioﬁg?ee‘gmgﬁeémﬁefC(S’PV%%'&M? h%’?g&geﬁg@e 22 of
the gz8 f Hedtlinflebbien pomht dhdBloRbthefseddnd cAgY Y fecofd inBbctiin WiSarftbthar € each

di sposed on respective poles 30 and 32. "Each of the fifth set of dinples 42

i s adj acegurvafuee niay theecogeaverbetwesatthofirstiinflettéon pdint aiidahé secendlinfisttion of t he
fifth set_of digplgs 42 that are djsposed within the 25 first hem sphere 26
are each B?lméqbgg dgmg{eaq?&pqr%elﬁdg%@ﬁ%%g}eéﬁom SR r st pol e 30. The
five di mppgs=afpihie fijLp<pet of dinples 42 that are disposed within the
second i - -




hem sphere 28 are each an equal distance fromthe equator 24 and the second
pole 32. These polar dinples 42 and 46 account for approximately 2% of the
surface 22 of the 7 16 March 2004 WO 01119465 golf ball 20. PCINSOO zZ5434
A cross-section of a dinple of the fifth set of dinples 42 ®MagbA04n FI G
8. The rady f the dinple 42 is approxi mately 0. 07 i t he chord
depth CS i?@b@gﬁi mately 0.0054 inches, the entry angl é&géﬁlﬁbs}%%“'
approximately 15.7 degrees, and the 5 entry radius ERs is approximately
0. 0336 inches. Unlike the use of the term"entry radius" or "edge radius"
in the prior Whetein Juh@) &ttty (ladli’ ui ispgual &g atdesst fiver #1di <inst b val ue utilized in
conj unction v : L4 X segnents
of the. i npl ot ds Sy S plinfRE g bbby nkditd i e CIA B IR RE RN oTt er
- curves are f amcettertpoind fromgbeabotiatn detitesto i first edgd. | Fledadiys hdyebecgnéatest atadi us and
the entry ang{e% as shown 10 in FIG 4A. A cross-section of a dinple of the
seventh set SFRBIELS46 i s shown in FIG 10. The radius R~ of the dinple
46 is appsoxi mat epMoterQbgeldt dfkd1@Ssentit@nEOVH d gdEBAINhdving ath@mRs@Xi mat el y
0.0049 inches, the entry angle O, is approximately | 3.4 degrees, and the
entry radi us PelRarethanesaypiowithasusfage theron dhe spefaessof t{esthwsqt@nlyateﬂqgn@s of the

sixth set of .di : PPL.O0X 9 r f 22 of
the goi f bal (030 Ghed FEEFRTL piE ol PRSI ELa it JramA GRS T O e
di sposed wi t lsunfactjuad thercontohwenficaghhvd the dfiplas is cestimhowriroagaififst eligsbferck from t he
equat or 24 ang tg_a fli rtst golg 30.. Th(f fifve d'tg{gl es lof the sixth set of

di npl es 44 t RhhegPaples 1@ 3 5ee0nd gproping edasof cach Shie AuMR!S her e 28 are each an
equal di gpance fromthe equator 20 24 and the second pole 32. Al so, each of
the sixth set of dinples 44 is adjacent to three different sets of dinples
34, 36 and 40. A cross-secti oBrigfDescrptioplofthgDrewiagsi xt h set of dinples 44

I's shown in Fl G 9pdh§s L AGNMSHARR: m:l%ﬁj ' ] l'y 0.0930
i nches, the chord dept% Co @“ﬁbﬂ%ﬁa ??fgr'fy .B%fhfoﬁ%ggﬁtlﬁghgntry angl e
06 i s approxipres¢nglinvedtion?2 degrees, and the 25 entry radius ER6 is

approximately 0.0 inches. T xtraordinarily |.ar di aneter of each of .
the sixth set of Eﬁﬂﬁe‘% 51‘%({}%\’@'#’&Psq*’g@g@ﬁf?‘éo‘?fgf‘%ﬁﬁy surface coverage
of the diigpl e pat FRF.NBGE the RRWUTESENE illustaBRd he RranstidnFedién Gfdhples.y to
conventional thinking that teaches that dinples with snmaller dianmeters

woul d provi de forFﬁ?-gdf gpolagyigweithe grleballgd FIG. 136 March 2004 WD 011 19465
PCT/ US00/ 25434 Algycofatibayef . ' ' o0 at | east
one of the sixth gle(? 2&‘@5}6%%#5%?2%%“%\%%%3&8#}% eegtag?ds?ﬁg&é%%sfth set of
di npl es 40 cover HKprRBxs thatveemyof FIG 2 iflfisttating the sibgle en@mpedsingipentggrinfofbal | 20.
The ten di npl £ 1%‘ the fourth set of dinples 40 that are di sposed within
the first hem’s% ere 26 are each an equal distance fromthe equator 24 and
t he first0pol e 30FIGKds & poladiiewpbfthe gilf balleof FIGL 1t ilus@tingthe stanpl es 40 that are
di sposed within the second hem sphere 28 are each an equal distance from
the equator SAMBEWRAUORe second pol e 32. Also, each of the fourth set of

di npl es 40 is adj pretis hedlPpRARr LR VieWRIra dRhpldbMtiSets dirtfledstd 44. A
cross-section of a dinple of the fourth set of dinples 40 is shown in FIG
7. 10 The r adhagslfpll of thepeesent inyertiond i s approxi mately 0.062 inches, the
chord depth 4 is NOX| [ . I 4 is
approxi mately 15. Eﬁggérlgg'ggsg%c‘?’ﬁsggg%%nrafylg‘gﬁ lgégéﬁffgﬁtééﬁgg%rgggfh%at ely

0. 0358 i ”Sheentrtadivef the third set of dinples 38 are adjacent to at | east
one of the sixth of dinples 44. The twenty dinples of the third set of
i mpl es. 38 cover BifpiSg%MHERATES ciossestignal v Ay Saeseends RIS 1 bal |
20. The ten o fHelg8H bel of e plettnf Mv&Ribnof dinples 38 that are disposed within
the first hem sphere 26 are each an equal distance fromthe equator 24 and
the first pol e 30FIGIds aenlatgadsirass-sestiondh yiewtnf pdimple ofgf thigd pghlobdin@lest hat ar e
di sposed within the second hem sphere 28 are each an equal distance from
the equator 24 and the second pole 32. Al so, each of the fourth set of
dinmples 3 8 is adj acent to 20 three different sets of dinples 34, 36 and
40. A cross-section of a dinple of the thirnd set of dinples 38 is shown in
FIG 6. The radius R, of the dinple 38 is approximtely 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 ER3 is approxinately
0.0344 inches. 25 The two-hundred twenty dinples of the first set of
dinmples 34 are the nost influential of the different sets of  di nples 34-46
due to their nunber, size and




. the third row 96 of the secon

pl acenent on the surface 22 of the golf ball 20. The two-hundred twenty

dinples of the first set of dinples 34 cover approxinmately 53% of the

surface 22 of the golf ball 20. 9 16 March 2004 WO 011 194{3& PC%'rNSOC] 75434

The one-hundred ten dinples of the first set of dinples 34 March 2004

di sposed within the first hem sphere 26 are disposed in either a first row

80 and a sefthegolf ball 8P thelpresent ineertiguat or 24, or a pseudo-star configuration

84 about the fiﬁféﬁp'0|e 30 that is best illustrated in FIG 3. Simlarly,

t he one- hundr ed i§apgnlazged crasprseqtionst viewtof e idiniplel e fowith seb af dimmsles

di sposed widhi hem sphere 28 are disposed in either a first row
S8 Bolr 31 B IRt

90 and a second Tow l(?f}ator 24, or a pseudo-star configuration
94, not shown, Emlstis%h@nl%%‘éﬁﬁﬁbs%é&i &b vi ofa GG Shign of a
dinple of the frst set of dinples 3_4o|ﬁs "s‘ﬁg&’ﬁa?ﬁ*@f*&%ﬁ tegr%{ "3% R, of
t he di Apl eof3he gelf hplbobshierpa¢sentyinGeridB4 i nches, the chord depth C, is 10

approxi matel y ?3 i nc&g{s, the entry angle O, is approximately 15.3
degrees, and th 115 gn ealaresd crass-sectionglyview iofadimple of asixth set of dimplesie
one- hundr egf tgé g&kggugwlg esiﬁﬁﬂ{?&ti%fi.t of dinples 36 are the next nost

influential of the di ent sets of dinples 34-46 due to their nunber,

si ze and pl aceni@. 10ris amenlaged ames-gsttiohaltviey 9P4 Hilisik bf 2 %eveRthSePge- hundr ed
di npl es of ,,th 5 set of dinples 36 cover approximately 22% of the

second
surf ace 22‘116111_’?93 ﬂgeosql%b%uvftheprems‘r;venﬁgm her the first set of dinples 34

and thg second f. di.nRl es..: ver.over approximately 75% of the
surface 22 of t%@'glgﬁggl[zgg% 9%83931‘&’2‘3“{’Pf?gn%ﬁlﬁgfﬁ"sp&ﬁ’r?ﬁe second set of

di npl es 36 t hatFI@.d2ds & pRESseciohdl iview Barldifiet WilpRIT RIS for2ft, ar e di sposed. in
either a third row 86 above the equator, a seclzoﬁlgl pent 5805%102 about the

first pole 20 FIG.dP inmwisglateditoppkintvieon of adimple bfithe presghtinvetlionSi i | arl y,
the fifty dinpl f, .t he second set, of dipples 36 t are di sposed within
the second heni sghgﬁés % BrORY EFCHP 5@31?%0%@?13]5 C’tflk%"%t:'dl-qf-ow 96 bel ow t he
equator 24, a SHGHNda RAIGraGNRcAORR sid8 Hevs HONE di QB?FE@.elssimchgﬂi&g%hp?e?’g% or

along a transition latitudinal region 72. A cross-section 0
t he sdéon¢ng¥angle aodithe ¢horddepts. shown in FIG 5. 25 The radius R2 of the

dinmple 36 i ijately 0.079 inches, t hord depth C- i
appr oxi mat ety OG04 P e seghnal Ate it Be Siopls o4 i old Wesentingse 1
degr ees, miﬁ%t“““”@“ﬁ?ﬁ?%%@?@@?%ﬁ% 0. 0315 inches. As best

illustrated in FIG 1 A eac begins with three rows

10 16 March FIG4 193 DAdriBiaSHorREE giselD 624 Atkstdnce Mokl \éneaiiddirardimple thhe
first and second ro 80 and 82 of .the first henisphere 26 and the first

and second®PERESIBY euH,Yeraus the raduys, B fIowessFtigrhel the danple.doradimpledfof t he
firstoget ﬂ%pﬁ&ﬂﬁ?iﬁ%eﬁfons&ﬁ@tﬁj%ﬁ@atﬁr@‘ﬁis%@n%i&e first hem sphere 26 and
:

em sphere e conposed of the second set

of dinples 36. FIGi 46 d canbinaton efissgraph of the distthct Goardieund Faciimple UM f ace
area cover a%e of, the dinples on the golf ball 20. However, as nentioned

previ ousl §* BB?R}%EW)H%F“% 5%%%@ cgosgrseetinreofithe direpleli for adimpleofis of
smal | er d%ggmm%gg&g}%@nggagtﬂé gtﬁ%eéog}i@@ eve greater surface area

|
coverage. However, t ern nt invention transitions
fromrows of edUal 17iswgagh bhthe lidk ARMGARNEsus ReyIdSRmbdre pent agonal

regi og 98 is 10 _best seen in FIG 2A. A simlar pentagonal region 98a, not
shown?? i s di spddEd!&isogreph pfthe diagraoeffisient 3ersusTReyuddstmonireal r egi on 98 has
five pentagons 040102, 104, .106 and 108 nding fromthe first pole 30.
Sinmilar pent agcﬁ@' 1358 Crgﬁsz%fftlgﬁig{}e%@%%goalﬁﬁﬁ%gﬁe gf&&&ﬁdn‘rfrn&ﬁflt he second
pole 32. ~ The first pe i W set of dinples 42.
The second pent agon 102r%%gg@g%@?ggpgﬁgﬁggggﬁghggx%\fegﬁ&gi npl es 36. 15 The
third pentagon 104 Asstomstia FdGSt hé, 4 golfbalé & gentratly dpsigaatedt20. Tke foifr t h
pent agon 106 al so consists of the first set of dinples 34. The fifth

pent agon 108 consists of the first set of dinples 34 and the sixth set of
di npl es 44. However, the greater fifth pentagon 108 would include the
fifth pentagon 108 and all dinples di sposed between the third row 86 and
the fifth pentagon 108. The pentagonal region 98 allows for the greater 20
surface area of the dinple pattern of the present invention. FIG 2B
illustrates five triangles |30-138 that conpose 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 dinples of the third set of dinples 38,
the 25 fourth set of dinples 40 and the sixth set of dinples 44 are

di sposed within the transition latitudinal regions 70 and 72. The
transition latitudinal regions 70 and 72 transition the dinple pattern of

oy S - S ~ N ~ ~ ~ ~ ~ ~ ~ ~ o ~r/S 2 a1




16 March 2004 WO 01/ 19465 PCf/USO0I 25434 70 and 72 cover a circunferencial
area between 40 to 60 | ongitudinal degrees fromthe equator 24 in their

respective hem spheres 26 and 28. The first transition latig lﬁgéreﬁ 6?9' on
70 has a pol ar boundary 120 at approximately 60 |ongitudi na egrees from

t he equat or‘iv ﬁ o3f3d an equatorial boundary 122 at appr oxi E’i‘ﬁ)@&oﬁség’

| ongi t udi na egrees 5 fromthe equator 24. Simlarly, e secon

transition |lati tudl nal region 72 has a pol ar boundary 120a of approxi mately
60 | ongi t udi naI ees fromthe equator 24, and an equatorial boundary
122a at appr & gw tWerPlegs i tivgs pisse @Kdaaﬂeguﬁlwamth@ewﬁasef bajlmay-| G5, 11

and 12 i1l usty, ?&Ewto %&%a%@lﬁfﬂoﬂﬁ% )glfaﬁ? TBe e0df th lﬁall@bn?a?tbe As 10

shown in FIG e prior art go as a cross-sectfon of a
~dinple 173 t hay shitebletrhaterinhn prefatied sovet R compossdobmthemmdet pplyucsthanhie di npl e

173 to the oth 177 the radius R of
the contor 17ngar Haverdiose S50 €W Bedon g Ml Pigiiesdbonbitet 8Feh,cr oma 175

or 177. St3 chmaedd haped tilikddlwitout Jm?aﬂahg @6makd scoige bl spiriheh@pre@wer conposed
of an iononer material that allows r ot o- flnlshl d? to create a 15
o)

smoot her edgenyndipe Theeolibnll ) may havererfisish obp basseoab@idfor fapqoat 71 ends and the
dimple 173 begl NSe L baPS b Blshriakd 3 211 gol Al DO bRE e oGl N, FI G 12
usual |y has a cover “conpose er noset po yuret ane material which has
greater dur abdwldtng thergolf tall 20 orioaBrst anisphem|26 ahbmetd hentisphere 2§uAdirktane

cover cannot finishe O create a.s efore, the
prior art, UEQE % 'Sg‘ic t&?B‘élgtéf%Fgfe%akngﬁi‘fngﬁ?% g'rro 895@%%?1 thg created a
dinple 1780 tfigthchasphére dal sbaddil ?éile 38\ lbdated BinkegidRgrebdbldngG lodgliudinbiGare ent er
179a has a radius R2 that is different fromthat of either end 175a or
177a. Thus, bEenhesavaieridiin thsseqond hemiseigre 28- b, t he di npl e 173a has a radi us
R2, and from poi i 7 3a has a
radi us Rl. The radr§t 3‘%'&%@6% u%%oﬁg{lée@g%h%é;g?@e%%g &paussrﬁ%lﬁg%réul ate a
roto-fini shedlngxslevenbhﬂfdrentws of dimplas. e figst ctit sﬁdnmpleﬂ&msthmnosmuumcﬁrous t he

di mpl e 173a. nd 148 ol.f b 20 of the
pr esent mven‘ﬁsan?s ﬁ%fgls “%%fjr%&}‘“‘%@’g Wﬁt%'q‘%lesdﬂlt}}elpeéffrﬁe ""uﬁf’&f the prior

art golf pal | sconliter dfidiplessoake thenext ilrféstwﬁmum%ldsla&xs@ﬁhé obc&lel 20 of the
present inventiqn have a conti nugQus contouy radi us

al ong the enthundred dimples Arhyd Sﬁﬁgdmﬂséﬁﬁmdﬂa@“ﬁ%&t Hgdlallpleéﬁo d‘é‘“’ B¥ba and
ends “at anot heg EoaRih calli S G0 BAPHS cohffink BE hRELSAlc B ety POI Nt

202a and 202b. A dashed line 203 illustrates annul’ar Inflection of the

di mpl e 40. Themhpdimantir A figth sétf dimplesdd mndasisbisetaf dipgplesdarathe hextgwpt h of t he
dinmple 40 is 1.6 t 0, urvature 206

t hat nmat ches ecr‘;s%r@{rhl c S%{s‘hirj aégchﬂbﬁ ?8}[% Eﬂgleséthpﬁ%ﬁegea of the golf
bal | 20. The erisidikent.i Tiesevendi eadfalimples 4fhmntisinl cnlym dimplea 0t woprefetred gol f

bal | over the e 40: urvat ur f th f.ball is equal to
t he cont our @'&’ an hed%"ggif%&s%“&%hgbg&gHgthéa‘gg@gg%e%‘gaﬁ%l %‘0 -Cllhl s
equal ity in the HIhe@RoHMplesbPtheati@nihlier oF dinysUore’ddbh dibpdséEortd Stn%ooa and

200b allows for a snooth transition of air into the dinple 40 during the

flight of thequemanéw Bagh of the fifth setiof dimplasd2 iscadjasent one ofithe spyemth g 20
during its flj [ [ I educi ng
the discontin es 4$ ﬁhg\éggﬁaﬁr&%gﬁ%%}g@%ﬁ %Eé&@con%%?%&?rnm?he air
pressure 2§ st ﬁnsﬁmmspheml a6 m@atmm dqhal gistance frarh hegqudtori?dlahd @@ finstipalke 30educes

t he separatio 1.S af | en ndar,y, | ayer t created during
the flight of Qveg‘g‘lmlp B fihe gHSGFHgd Pﬁﬁé?&%&%’&&%“& H’t‘%‘&f“é i mpl es of
the gol f bal |he%9sﬁh€ret29%re(€a&§ﬁf€qubms%%é f?&n@i&q@d&ﬁﬂﬁ@ﬁd eHe seainﬁ p&alsizs of the
prior art is best illustrated in FIGS. 15 and 16. shown in FIG 15 for a

dual radius dhest EOIQfsilmﬂlﬁ%lﬁ and 46egountiforapgroxinmpely ?%@f thersuidepe 2395 thg
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 dinple 40. Al though the
dinple 40 is shown as an exanple, nost or all of the other dinples on a
golf ball 20 of the present invention have a simlar contour 199. The
contour 199 may be characterized as a concave between inflection points
202a and 202b, and as convex 6rom 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 fifth degree B~zier pol ynom al
having the formula: P(t) = 3 B1J~, ~(t) O<t <1 13 16 March 2004 WO

011 19465 PCT/ US00/ 25434 wherein P(t) are the paranetric defining points far
both the convex and concave portions of the dinple cross section, the
Be2|er bIendlng functlon |s Jn |(t) —( ni)ti (l-t) and n |s equal to the

Y o o o L - oy




to be continuous throughout the dinple 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 fromthe edge 200a %@ pnidpéh boid4 ecti on
poi nt 202a which elimnates the step discontinuity in the curvature that
results fr jggg true arcs point 20 continuous and t ang&i e second
ridge curvgmz(ggy‘kg overlaid fromthe inflection point 202a too%%% bott om
center 204. The attachment of the bridge curves 220 and 222 at the
inflection point 202a all ows fox equival ence of the curvature and controls
the contour 298balPQ di mensions of the curvature at the bottom center 2Q4
al so control s the i be refined
A OB dinlpl€oft £ BfpROM oWt FIE.
usi ng the par amatr?@ 2% s%ln?gnlesgs! (():ontro gsgt(e)lv(gtl%f)agl e atoﬁchf%)‘/sthe bri dge
curve 220 andhgz@iusTyef thedimpé 42 @lapmroximetelyt (@720 inchest theclmgd déptht Gais shape of
the dinple 40 by scaling tangent and curvature pole n_each end of the
bridge curveSPRIO¥MAcly 8054 Tpafes, the privy pngle G ApBrowiTEAtely ?%-75%%@33& of a

gol f bal | 520 efid Bt 8RYisHRbRxintiatel P8 0538finchés. Unbi dBNEIr ARmI-BrpPr eSENt
invention thereon as conpared to the Titlelist PROFESSI ONAL, thHe Titlelist
TOUR PRESTI Geadiusfier fdgé tadiuBBu@he prioOhtt,dnckentryi eadintses Héfinef hespiE jvawdiie FI G 18
illustrates t rrag coef.fcient of a I.f .hal.l..20 wth the dinple pattern
of the prosethire B RS iom Rl s el sn ot oF oo 8t “BEpEas) AL,
5 the Titl el io$the Uichiie Botsul] Gihe fitdd end\d¥dnkd idefiaM(ds\dT tHlva Beziervarvbiask | | HT
URETHANE. All of the golf balls far the conparison test, including the golf
bal I 20 wit hfemed taibapaual prthis point gsfingd by the enteyadinsand Heieaisy angley 85 skoWRer noset
pol yur et hgne ;£piEua. The golf ball 20 with the dinple pattern of the present

i nvention was constructed as set forth in U S. Patent 'Nurrber_ 6, 117, 024,
filed on July 27A ct&8S$¢ction of adi@plefof Bl sevepiht sat of dirdplexnt6yis shomnamBEIGCer whi ch

isd i bed . bel aw. .Th i cs .of i opl tt f. t.h t
| vent on pr 30 gl Ko OF uB BlAY RE FefifoRimalef 0 A Tl DB biET o (18,01 o o
into a golf Bghbxidfately@D049AMEY, the@nBy KRAEY, ihpploRtfately NRM dgRdek, Aakies Of

simlar constructions. In this regard, the Rules of Golf, approved by the
Uni ted St at esntcotafivaERqisiappiowimatehy 50386)inchpd The Royal and Ancient Gol f O ub

of Sai nt Andrews i | Nk L ' : | 3lo 76. 2
metors pdt seconde KT el B ofdimkf BFckonE o Bpfi B b

avai | abl e on thesarfhisG2 ofie godell 30. Tivevfivesigapler of theShuls set bfdimples #4 that vel ocity
and overal |l distance aof,.a | f.ball ISt not, exceed,. .these |l.imts in order
to conform t AP I%‘Q’“b?‘g%{ﬁt Pf.’m“m’é%c?fee?adf ﬂbeqb‘gllc?s%lﬁ? fm’?éhese%%?rd have a
di npl e pattens hidk fiedphle 8. Thefi@ithplbadd thedfixth Get GEGiinpley @4 tHapdre exceed, these
limts. 20 As_is shown in FIG 19, ~t he golf ball 20 conprjses a cover 14
over an i nnedisgesed withinghejsegonshemdsphsre P& g cachan e‘l‘I‘i’édﬁﬁﬂ?ﬁfmt_hF 898713 may be
a single zpay% an@fhe SEORT po1€ 52."Mlsh.| o tRYSGHR set bldikiples 48 RGP thret he coOre
12 is preferably conpresglon nmol ded to yield a single |ayer solid core, the
boundary | aydiffet&t sats pirdimpleabd. 6 and 4t i on nol ded over the core 12, and the
cover 14 is preferably cast over .th oundar y .| r : re .12
(whi ch, prefer abl‘ég/?mF%SscCtbo eor{%&%elﬁggqlg 3“." > h&efdg‘%{si%é?%lr%@gé%@(ﬁs? ﬁ'eescri bed
bel ow. The seddiwh R thelfmple 49 tuppidkimatetpOrp9sdenached, tike chbrdrddpthiC, 5 base rubber,
a crosslinking agent, a free radical "initiator, and one or nore fillers or
processi ng aiapproximatety 0.0051iaches thetenyrp auglg0.ds anpraximasely é 5.2 dpgsess, and the

pol ybut a%egg ﬁﬁd%ggé{%ia%%ﬁﬁ%%w,%ﬁ i&ﬂeﬁ%ggf@@gdgﬁmaﬁ%&%g[eﬁﬁﬁxe@Eflel led in

.

preferab iars are wel 0 those s

the art. The eusefite sith & of difples g4 aliemnt for the exaragrlifarybalfhcecovarageoftiel |  known,
and netal 5 acrylate salts are exanples,qf such cross-]inki, agents. For
exanpl e, met Sfmspategh %/Pr&ieé@,nv‘a’i“ﬂ’éﬁﬁéfd? (Antrpry do “B’rverﬁ’é’ﬁgﬁ‘fg@ﬂ% &E‘tr yl at es

are pref err edegbils i Gintdlestith SRMIEr dihdterS Q5818 pRivide!Tr RS @iitkack E04@ARE.ON, and
zinc diacrylate is a particularly preferred crosslinking agent. In the

manuf acturing process it may be beneficial to pre-m x sonme crosslinking
agent(s), such as, e.g., zinc diacrylate, with the pol ybutadiene in a
master batch 10 prior to blending with other core conponents. Free radica
initiators are used to pronote cross-linking of the base rubber and the
cross-linking agent. Suitable free. radical initiators for use in the golf
ball core 12 include peroxides such as dicunyl peroxide,'bis-(t-butyl

per oxy) diisopropyl benzene, t-butyl perbenzoate, di-t-butyl peroxide,

2, 5-di met hyl - 2, 5-di - 5- but yl per oxy- hexane, 15 1,1-di (t-butyl peroxy)
3,3,5-trinethyl cyclohexane, and the like, all of which are readily
comercially available. Zinc oxide is also preferably included in the core
. formulation. Zinc oxide may primarily be used as a weight adjusting filler,
and is also believed to participate in the cross-linking of the other
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Tabl e 1: Core Fornul ati onsConponent Preferred RangeMbst Preferred

RangePol ybut adi enel00 partsl100 partsZinc diacryl ate20-35 phr ~25-30 phrZinc
oxi de0-50 phrS-15 phrZinc stearate0-15 phr1-10 phrPeroxi de@ :fVIa‘rc g?‘phro.S

-1.5 phrFiller (e.g. tungsten)As desired (e.g, 2-10 phr)As aesw é’

2- 10 phr) ferred form the finished core 12 has g of about
1.35to abg}l}%(ﬂgp{fsm inches for a golf ball 10 having anlaco’lﬂl?sgr él anet er of

1.68 inches. The core weight is preferably maintained in the range of about
32 to about 40 g. The core PGA conpression is preferably maintained in the

range of about 5@1Utaf thedourthyrgt ofdinples 40rase W@nté%@d@as'ssletoéﬂeelxth@t ofsed

Compr o5si on oM L Ih0A R R Ao AR ARcL MU op kRN ocsi on

val ue i s t he 2dt¥bofthe sifrfade?oofitlt gobfibatl R0 2tgaéd ditalel of the foncthes ofididpiesa st atic

| oad of 200 p ..Le 00. Ac rd| r.,a defo tion of
0. 095 inches 4@%?"6&115?85391%64’ g’@ﬁ)ﬁlrﬁéﬁmherf a’ﬁl%‘ﬁ’l%“”@‘ﬂ?ﬁﬁ'ﬁ@ﬁ%‘i%‘m lue is 95
and the PGA %@Wr@ﬂsah@fhe‘f@dtg&e% ﬁ%temhﬂpﬁesfoh&erfmrswf& &@W@de of
formul ae contained in 15 U Pat . : 368304 and U.S. Pat. . 5.813. 923
that state t Ifgdispossd %Bmﬁheg@prmpberg 2& amchanmqewdéta@m@mﬂm on val ue"
the inventorsg e t f.0r ion set forth
above: Table %ae(r?é 9@%%‘9&8&&@1@? %IQ(? eh%oorfﬂ%of{rﬂgjé fggﬁn[q@fe%/v@r% manuf act ur ed
accor di ng t o atljaecenatocimee diffreni sptsiof dingnhed 3i6y380mddnat ed i nto speci fi c

enbodi nents of g balls 20. .20 E i 10 is
referred to and %o“é‘r“ﬁslsf‘iugﬁogi/d'fnﬁlf zwﬁﬁﬁet%@ﬂﬁabseﬂﬁ éf‘fanH ghout this
speci fi caii orthe Rhu R, of the N4 (20 AprdabbRlyd.662MifchBs, aRehbidasRald, is=x. No. Si ze
(i nches) Specific G avityConpression

(PGA) 11. 5001 .approgigRte] /502 1@6@0 Bit ebRVangledd, i0abproxBikteit 427 d8ghee$ Oahd tic577061. 51
01.1S76871. 489t1 rg 6%@% 510] %iod«ﬂqs 10, |.15560 The boundary layer 13 is
conposed of SRy fogue gaPW&“WB Yad "ﬁtﬁﬁ' cont ai ns organic chain

mol ecul es and rremlofmnﬁudsEh@fcrﬁﬁplaé 38 48 adJR¥n1A6 at [EAE oM sexth §e06f UM zi nc,

magnesi um unl]érgotasm um cesiu or any polar netal ion that serves
as a 5 rever é’i“BlPlés b tyentyidimplessofithe thisdisat gk mPLes PROHEAPPIRRIBAEY of

resilienqg andej Bﬂﬁ@&urfa@éﬁﬁ&@%ﬂ bal b ahleqemmg eftﬁé In¥rd 3URF hﬁtm@s 38
t her ITDpl astics are iononers based on eth y ene COpO yners and cont ai ni ng

car boxyl i ¢ adhai aggdisnpsed wiithin thefisst hemisphers 46 Arezachiasqral distknestiowre theThe aci d
level s in such, &'ﬁ%ﬁﬁﬂx{'f‘?ﬂg{ﬁﬁéé Wtexpﬁp{f)?éé E‘ﬁm'n fl {o?dﬁ%ﬂé{ﬁeﬂrl&t??% : Ie(ragqllo

i mpact resistdnce a Rer roper I on
wi th iononer chx@ogeﬂmmmhg/sebmdu&mﬁphm P® akie feych(ag egual pnseﬁc&rfajm the eq@tzase) the

specific gravyjt f the t Iastlc bledto roI he nonent of
inertia and éﬁﬁé‘? |S?58“?)P(gﬁé£0 s ea%ﬁ*ﬁﬂ r)t}‘ﬁ?b Blie%ﬁqt’?agﬂ@%?f’“ﬁbl e

t her nopl agt i thg@alg@;eadsgtswumsgﬂgranga@ in a boundary | ayer 13 incl ude,
for exanple, the following materials and/or blends of the follow ng

materials: HYTREA ca@ﬁdfsmtlomv{mepbrqfémc,tblsd fet ofrdimplpy 3 is sllcawvmleffgth
Del awar e, PEREX, O %‘#H&@@E?%@h@ﬁ%@%@ﬁh 5%% G}dad Jﬁ%"?fy' vani a,

SURLYN products fr pro Bcts ¥ rom Exxon

Cheni cal , HoupprorimatepX@6053 ThepesStiRretriarpde 8lnesproximdtéle 108 degtedsyandayer 13
shoul d be about 65 or less. It is preferred that the boundary | ayer 13 have
a hardness ofni5Bradie KR SGRProsimatsly dnghes.

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.



20 In a preferred enbodi nent, the boundary |ayer 13 has a Shore D hardness
in the range 15/ 4 16 March 2004 of about 52-65. One reason for preferring
a boundary layer 13 with a Shore D hardness of 65 or |ower 1'65"('&? gag%ove
the feel of the resultant golf ball. It is also preferred tha 'ﬂ undary
| ayer 13 isysampssed of a bl end of SURLYN i onomer resi nsSperlgdabgssss bel ow
sets forth physical data for suitable boundary |ayers 13 that were

manuf actured 5 and i ncorporated into specific enbodi ments of golf balls 20

of the prese inventjon. As is 0 in tile bel ow, a poundary | ayer
O with e T ontie oBf B oo Minels of P Bk 54 of Rlnple® 24 et MoneBs S st ot s
wel | . Tabl e FirstBemitghdry 26 are disposed in either a first row 80 and a second row 82 above the

Layer Properti esBal | SURLYNBar yt esThi cknessFl exMbdShor e . DEX.
No. 98150%0 15 R4 A 3 RSeviontiar ronfiguiatian hebsutitholbrple?) baissbesb05825050090. 0

90, 0507800001 E T P! 30 HAREOY HBChe-hundred on dimles ot s 5o A5 SRB0. 0585510

058850500%0. (8308 6&0ksbosed vithih thed Fectilil hethispher® 3®are AisBAd imdithera fHkilrdlvYN 8150,
9150, and 63 are, respectjyvel an jopomer resin conposed of a sodi um
neutral i zed é%@?éﬁ%cPﬂ’iFWa@rﬁqv%fhﬁﬁqlﬁfor gﬁofﬁﬁﬁﬂéq’ﬂ?rﬁfqﬁg"éﬂwg?ge‘t?tof a zinc
neutralized ehéyh Bt MR sBemH Yble 32 afok Showand an iononer resin conposed of a
terpol ynmer of ethylene, nethacrylic acid and n-butyl acrylate partially
neutral i zed wi t hAn@gesstiomot adimpdg ofithe first setrad dimplesddds shawindn FiGh Bbeont

Pol yrmer Pr odygt: el . i S h pel ' .all of the
boundary Iayggaéésl%'\qfrﬁﬂgb ggg%&&%@%gg@gﬁ%@%&g @Eﬁ? trl}e%d “amount of a

baryte mpt urapproXintatddp0.9033 inthes, Whieeentr$ angled, Udghraxsmalel9n 5.9 de@edssarid@he hundr ed
parts of the ionomer resins. One pref er_reoi baryte m xture 1s conposed of
80% bar yt es SAHY 2Ius SR HpPPoxisnasly 0-9344 ingheki fic gravity for each of the

boundary |ayers #ge bik-thBled dBnmeor theQ0 £ & R rgpéi]%lx rovided in
Tabl e 3 was (jetermened acc?org?ng toeAS&r)lI\lAd![;é;go&h@ﬁg %hrgre Elg? ness
provi ded i n Tafbieati®} opthe differane seby ofidimaplessidetdrdie togtheionuiebel) sb224d. 15/5 16

March 2004 In,the pref.erred i cove 4 of the | f ball 20 of
t he present inve |- ) em
i o et 2 Ofhe BRI bty g SN Shergise fphipFoffEe gl
Al t hough 1tshe sefpTdfigles BEofertapprogin@aelyt 2osothd siface 2aTeiRyolfrsil ng. Thusdi f i cul t
to handle, the H@n&g@r has .two_i socyanate groups that_ exhibit w dely
T the dest 55t of

di fferent red®® fovaples Pt adsting pecondael §f dimeles eqove@vat proovi di ng
pol yur et hane BriaRiglalelieT % ¥ thé sirfabé ZOGURIYolfall 20 Cehd il difdples bPfe ange of 0.1

percent). As nentioned previously, the pollyuret hane utilized In the present
i nvention i s sewnpert efidipwles 3PPt arp dispasepwishio therfirst hemisphesel 26vire disposedir i ng
agent. The PPRDL.- [ r r I such as
an ester pol 3}%‘}}}%&%&@%‘?ﬁgéyéll;gﬁhﬁgﬁ%% y%rgm%l %F%%ﬂglq[%g?%g .eRﬁLté(ralgf erred

pol yol i 20pol39ocaptonk adtansition Idtitedisal régiom 709 Sirhilarkyy the fiftatlimpdes dfsheasechndl (e. g.
1,4 butane diol, trinethylpropanol), a mxture of dio e.g., .1, 4 butane
i ol "and et nyradindroie: i BpRe i B eeog it S ko fhone.  a

m xture of hyHRRURBRD6 BRloW thOéquadr 24, % lssbofd Sintdgbh P2, not sRdvAThbe @

m xture of diam nes, an oligoneric diamne, a triamne, or a blend of sone
or all of thékeseennd@plegdRsor along aggasitionlatitndiyal regign 2over 14 is nost
preferably conpo I : - epol yner
and cured with ai%iig(sg S?“Z”@? %%@é}%}se%gﬁéﬁ&ggggfo gél@eg%gfghogﬁﬁr?ggbf 1,4
but ane di26] &dheragiug®g bSthe Singlie 36 5 appratinetelyl (2079 imdheg)ithel cherddiepthy;éd s 1 S

avai l abl e from Uniroyal Chem cal Conpany, Inc. M ddlebury, Connecticut,
under the na@BPraximgtclHhqIRinches s cptnyangle & dgapproxtvatelyid s §idperess a¥dhg  45.

O her agents | Ut LNg the curing process include
trimethyl gl ;g% l\e{gflu-ggRénginxﬁé)}g)nga%h t é@%ggﬂé&hkﬂs VERSALI NK 740M avai | abl e from
Ai r Products andA€hestilbstrased ihFEG. 1 Aedchriemisnherd2§ and. 28dlegionwitbthrsd rewe di ami ne
(such as ETHACUREO 100 avail able from Al bemarl e Corp., Baton Rouge, LA);
cycl ohexane di net hanol (readily avail able); hydroqui none-bi s-hydr oxyet hyl
ether (readily avail able); 25 phenyl di ethanol am ne m xture (such as

VI BRACURE A931 avail able from Uniroyal ChHEhical Co., Mddlebury, CT);

met hyl ene di aniline sodium chloride conplex (such as CAYTOR 31 avail abl e
fromUniroyal Chem cal Co.); and/or prionene amne (readily avail able).
This list of preferred agents (including chain 15/6 16 March 2004
extenders, cross-linkers and curing agents) is not meant to be exhaustive,
as any suitable (preferably polyfunctional) chain extender, cross-Iinker,
or curing agent nmay be used. The cover 14 is preferably a castable

t her noset pol yuret hane el astomer. For such 5 a thernoset pol yurethane

el astoner, a PPDI -based prepolyner is preferably cured with at |east one
diol curative. Such a diol curative includes 1, 4-butane diol,

oy o Y o ” . — 3 — N 1




15/ 7 16 March 2004 al so be added to the m xture. Although the golf ball
cover 14 of the present invention is preferably manufactured in a casting
process, the cover material may alternatively be provided a@ﬂ

t her nopl asti c pol yurethane for injection nolding of the covérMaghZP0¢ {ne
boundary 5 and/or core 12. For a thernoplastic ne, the
PPDI - based %raégggl‘ésgner is formed by reacting a polyol w tg%%{oﬁg# e
PPDI - based prepolyner is then reacted with a chain extender, such as, for
exanple, a diol or mxture of diols, a triol or mxture of triols,

a
di am ne or i #ewtle esuatar 2y The first andsecopd gowsck and 82 gf the Hestihemisrhered$i £ i ed
usi ng convent :; ong ' f I J ial for
i nj egti on nol di ngé ?%E %@%tgﬁgeﬁ?:ogglscebp @%mo@eﬁﬁ%hiﬁggﬁ%gg%@% grsté!rnﬁa aﬁ%/ or core
12. The PPDI - bredied sgof dimpdts Bdrihedlindaow B4 obthe tfinet hgmispheret 26 and éhetthiodhrosw hi bi t s

ood tensile r th ear. properties, a | exur,al dul l ower
gar dnessels. I rﬁﬁé ﬁg‘ggchg?if,heﬁléﬁ?gﬂg gg?rﬁltgmﬂll’%f‘g‘?frt %se)é‘ﬁidéﬁ ogﬁ"#‘gg%ltthﬁas ed, the
cover 14 has gatepofGowsis ulize@ (Richieh@fte O RVEe iaRA dbvetRe 8f thYAmplEth the

TDI - based) thernopl astics and thernoset urethanes, 15 Thus, the PPDI -based
pol yur et hane ed{kall 204 Héwever apmersioned nrevjastys envensional teaghing wawld gictale heat

upon a high d ritd i o Y (BN I to these
ot her pol yur eth%g%g&fr?g%ler?\?%}@qﬁ% d%%‘éﬁé@é/%&ﬁ@%ﬁ@?@éIag@léq\%}qés%g%eri or
mechani cal ansurfabyaecaivenagon Fovieversthe HlinpepaREibl of Bepedienp diventiet taasidosover 14
of the present invention.i,s dque to both the.rigjd.rod-|ike structure of
BPDI and ¢ he EPEIVVLOASORH dopesiab % ofrtRsptitesion i (s aeHRAR SO Fur ot hane.
In the prefer pQesAROGIBAL A strfifar pilgoRa $@5bnlYBE, Rk MHERH, is Jispésed eswp! y a PPDI
reacted with a pol ycaprol actone. The PPDI - based prepol yner material is

pref erabl y dethasesend palel3haFhesngntpgpnal regipn 98 kasfiye pentagont HIOn 812, h94.4P6 ¢ o

Pt epol yror 1 % 2p Sffind from RERLARERE Sl FEREIGL SR, Bh, 1008 105G, o
pref erabl y i nardi®8a expgad Hém sieaatond Bole 3D.0Fhe firbtepeRBREINDINO eonginteqgfchofifth | s

preferably flowapl.e fr he first hol di-ng contaj ner t.0 1 Xi.n hanber in
a range' of af?(')ﬂ{)é‘?@[@ ??&%‘eé?cﬁ?épe&ag%ﬂi&rﬁgﬁﬁlﬁﬁ%ﬁh?ﬁeﬁ?ﬁdéfﬁoﬁ%e eégded for
processings | Mhexdiil bérdapon I Decdblbl oDMe Akt §2k BRHINYREB4. 'TAL Surd|peitagoni@sagi t at ed
in the 15/8 16 March 2004 first holding container, in the r n(%e of 0-250
rpm to naint aﬁmw&sxﬁtﬁpéthe@éﬁﬁseap&ﬁemmlsa%‘i-aﬂe §fth peritegon 4 P8 %Wd‘s’tsé?fgﬁei Hithat e
crystal lizati i 1 j t ' ' £nd of
4 bt ane di o CLpler 34 B CHKR S GEIRARR HaheBn e gLt TtlieRals
ment i oned, ot hed’ wouldandlwizsheifth pentagorb)8and all Himples disposed betivaen thethidover 14,

Th [ i f d d.and | ' '
cont ai ner pr 1 RFITIHAGREEETE, 1B el A DECORR B AT i

for the cpoat jurfacé sedsfahiedimble\paitdin bfbe presegeinvéntiahout 50- 230F, and nost
preferably in the_ range. of about 80-200F. The curative is preferahly

f1 owabl e from t heéflSe HH’SWQFFSJ?‘%“%’S'&F g?oﬁg‘gtp%} °P‘H8°Sﬁi%mﬁta%‘ﬁ"ﬁﬁ“5%’fmigh t he
range of abouipadipy fime JhiMRstiites it ARhES IR gréMfdr pRtRionE redién 96 viggded. 11 a
catal yst is used for processi ngq_thg cover 14, then the catalyst is added to
the curative ovetlapsevidheibe transiiion datinglinabregishd8r to form a curative nixture.

Sui tabl e catal yst,are,. i Ve, €. CLr af 4 t

agitated, in the AEbSURALY SRR o HuaH L HE AR SR RIS

di stribut2®dn folrth adtaf fidplds 40 tidthe sikthtsetwd dintpléset asedisposedwitidn thg cont ai ner .

It is preferred that catalyst is. added_jn an 15 amount in t r.ange of
about 0. 25- SoArppitinn laitiding} fegiops Mﬁﬁeﬁwﬂﬁa%@dﬂﬂﬁ&%ﬁ“&% curati ve.
Addi tives mytrﬁﬁ'tﬁﬁﬂﬁ%iﬁ\‘ﬂe?%ﬁmﬁé hr¥@nAifvalfsh fr68-thd fow¥Bg, &3] s ogened t hat
hydrol yti c |nstat)| ity of the polyurethane pol ymer nmay be avoi ded by the

addi tion of aarst9isp HepentaganalregionsSBapdR8d. Baghnfahe tegnpition lebdinalergioreni e,
Trenton, New Jersey), in amounts of about 0.25-5% of the pol yurethane. 20
The PPDI - based prepolytrier and curative mxture are preferably added to

t he conmon m xi ng chanber at a tenperature in the range of about 160-220F.
A colorant material, such as, for exanple, 1litani um di oxi de, barium

sul fate, andlor zinc oxide in a glycol or castor oil carrier, and/or other
additive materials) as are well known in the art, may be added to the
comon m xi ng chanber. The anmount of colorant material 25 added is .
preferably in the range of about 0-10% by wei ght of the conbi ned PPDI - based
prepol yner and curative materials, and nore preferably in the range of
about 2-8% Oher additives, such as, for exanple, polyner fillers,
metallic fillers, and/or organic and inorganic fillers (e.g. polyners,

bal ata, ionomers, etc.) nmay be added as well to 15/9 16 March 2004
increase the specific gravity of the PPDI -based pol yurethane cover 14 of

oy S - B N 1 .




Tabl e 4: Typical Approximte Val uesPropertyPresent |nventionPrior

Pol yur et hanes (MDI and TDI ) I onanmer sShore D Har dness45- 6050- 6045- 75Tensi |l e
Strength psi 6500- 79003500- 40002000- 3 500Bashore Resili enceS%C,@S(V 5-SS% ~_
50- 60% As can be seen by conparing the data in Table 4 JOMaeh 2004 of ¢ he
present in exhi bits hardness arid resilience conp prior

mat eri al s, o@"é%‘? the 15 cover material exhibits a rruchp(??{g;!l??e/%g4 ensil e
strength than the prior materials. The cover 14 of the present invention
preferably has a_thickness of between about 0.02-0.09 inches, or nore

preferably. bOwRSEACRHYirqymicrengiabamsa betweradt0 ta Aillongisrding} demrees fipm theet ween

about 0.02-0. rt r

oo oo b A8 e TABLAVERO 3% nd 21 ke A Bhfflon P

- Prepol yner Thlrggme%has rAghks femndary ¢2GatapprgtimSpicioflongitGdiasi deger’mm the

Resi | i enceHar dnes re Dl P 56500

psi 1. 14262- 65"’%1"3?5%1‘ S ?i%%gﬂy 85?6% apprgxpateln0dppaitdingldlesisesy 3007900

 psi 1. 22054 51306 ket 951 OinQRAY, ARORcathn AR D BAIE 363 d5T2Us a pdtfr Mar ch
2004 Table 5: Cover PropertiesBall Ex.NoAdi prene Prepol ynmer Thi ckness
i nchesTensi | &o%pdagh b%ohsg@eromr%at@ 69 longigulinabdegrerefom thereaBaten MnanskanShor e

poi 1. 14260 63N FRUB Rl AERRA ATt 1 aSi el BRI i s son oas 6500

psi 1. 14262- 6%%47D9L FPX29500. 03486500 psi 1. 14262- 65%7D The prepol ymers

indicated in Tab l, PRENE. LFPX2950 an AD| E LFPX 1951, which
are avail abl e fr%ﬁq’%ﬁ ﬁjﬂ]&ﬁ@rtﬁtbﬁfroﬁﬁbﬁ?ﬁ%@o %PEPQEE“E‘F@%’ZQ@G and LFPX
1951 are foot f&h&ﬁﬂ?&rFIGeﬂl 6 pelot &Pyt bafNGMhaES cross SRUHBABYa ﬁﬁlpljeﬂab'tﬁa?ﬁﬁ' nat ed

pol ycapr ol actone p olyrrers In"the exanples |listed in Table 5, the

PPDI - based pripumprediusR’, Sameae gpd HSof theslimple 47t dheitharend h7r7é’f(ﬂie e.
VI BRACURE t al W t
Corp. Three per cég?jn Iﬁ%&@%@&a@%@d’gg tHe ﬁt"ellétglcs:ﬁ]r@a I've ]}(g)?r 1#”% ég?vn\; th “°

LFPX2950, ando thasadiesR atreithériehil 0@ l\m.sSlwﬂd@lftbhﬂblﬂmfaha prior i osuailxhasg wi t h

LFPX1951. It is 10 beli d.that bl en 5% TED with 0.1 %dibutyl .
tin dilaurat gcogcraoxggq;g&pﬁqndpno%m gltF%pﬁQj\g%Powqqﬁ}i@a%@g& afeid o where
the cataligst shbo6ther ddge WHEE thelsphekibd sGifdce bl 16 golebdl 1742 and At dlﬁpmm i oned
above, the PPDI-based pol yurethane is well suited to be used as a golf ball
cover. Parti &688%|y) the PPDI -based pol yurethane exhibits such good 15

durabi |1ty that apoguebarigof bORUAR FRLFHIF CARMS N ERt Dot

conpared to golf ball covers made fromprior materials. For exa
bal | s havi ng of & thermosetirhdyurethare miaterinbwhieh ks greatet h&alplntaslmntammmmetl on havi ng

thi cknesses %at&%e\éﬁﬁpivgp%%t 08/ %} ¢ QovFr %mﬁ%o%%e B P&SIF%QO \é\{% te a smogmr ability

tests, as descCrib rona rnose uf ethahd 87 'Pol yur ea
gol f bal 120c 0\edges Thefefore,itidrioy afsacidsalisciosedun &.S. PareaNamibet 5,785,757, 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

12



20 play (e.g. made from a pol yuret hane prepol ymer, such as MDI, cured with
a polyam ne and 5-95% by wei ght of a difunctional glycol, see, Wi, U S

Pat. No. 5,334,673) have a typical mninmmcover thickness gf athé&@%t
twice this range (i.e. at |east about 0.04 15/11 16 I\/arcﬂ ﬂﬂfﬁ -06- 0. 08
inches). The dianeter of the core 12 and the thickness of the boundary

| ayer 13 d cﬁg‘\; [)914 @fp the present invention are dependent on the desired
di aneter &€& é #9 of,the present inyratipn have aennginuousmostour 499 withashengingnret er

or e or abi gt o i enfie Chaldhe dod  THERERBIr lof Beina i ar R thant o0t aknches.
I'f the deahother ¢igarPB0Br ThE cdt@ura9b finfRRtd at %ﬁlécﬁoﬁgé’iﬂ{s Zbggg{l}’ti ﬂ‘{fbﬁgﬁgt then nore

preferably the core 12 has a diameter in the range of 0 o 1.65
i nches andashed ling 283 dllystratey ennui® ihBectianwdtie diimipteide <Ehei contoe 198Rge of about

0.02 tp 0,075 i nd bly th ) 12 h di t inth
ange B RGP HAE204 Mg e el 6 B dimije oA sainammarss fesbr Thegwihe a val |
hi ck ' ' . : i red

G amotor o Eha e PE 2 mEAs el shBORI JRSMRAEILL | (e

core 12 hatanfdicogof ball 201 Thedashetiines indineithe bhbntdnt durvanfe 2096has and t he

boundary Ialﬁ?ragw htgs a || thickness in the range of about 0.02 to 0.09
i nches, ~ aBARBL OVEr B dimpe #0t Hehecyreature 246 of theiolfthall @0 is equahto thange of

about 1.6 o | s 3l 5 .has a wal] thickness

in the raﬁ%lgo%% 19;?b%ft}§9u. 02" ?t o%ag& 8%81?%@&%?05?@‘%@%}@%%@35'@ tfacturing
proced®, toeomPII9 dristhel cpOhtyity F06ha fiR SdQ¥LT00aBHN8 208 alldwSfor LREoBIR Kt Ur e
conposed of the PPDI -based _prep.olcg/ curative with catalyst, and any

addi ti ves Taayiden akaig it thedimplst4d. mr;irg thy Bight effthg go1fibald@0.c FHe ainpressuré i r st

I d it | ity pai.r «at . TO, . About, 30- 90 ds | at i.e. TO
T30- 50 op ik orf i Roft R PoldlRRE o i uriveB B ene onious 166 G o Pl i
i ncl udi ng4e. Redmnﬂﬂ% thel dig¢Onticudly, of i éﬁht&{rqg%&ﬁk;i/s 8 %isLefhuRy S aRE] as

described in detail below, is then held"( via st.iction”equl prnent)
cont act i npresyge distriutionduring thei flightrof thd galf batb2@whirhireduckntheeparaidnl be t he-

herjcal f th |.d ' ir. Th ial | I owed
20 T ebar REFe by oy blbaiy k< Ba ¥ Bl tvrnibe e b el e unt i
about T1 + 10780 dBRer&fRe® i Sontdursof di les%‘?%etéb?f 'baﬁl[‘ﬁ) %ﬂﬁg Bf‘e§e L FRARGE
I y 1 ntroduced 1

Concurrently, the cover material 1s prefera nto a second

cavi ty of anddimpi¢scofgalf bajls phithe peior art is bast illuswdte@elIGSs 16tand 0658k for about
30-90 secqnds prid T2 nd.then the nold is closed (thereby mating the
first mol °é"3\/$‘t“§}8{r ggﬁ%a @@@@%&Sﬁwfe&wﬂayﬁ thgheff %Iﬁbjl_é)(atﬂqu@ﬁéas a 1%/ 12
L6 March &afhiinady B #334061ibR pbitis® 1hBEnERL S SHRNET] G 188 R0Nbu ot

m nut es at about 140-220F and a pressure ton per cavity in
the ) d efitbe pigsedtinvéntignas comtianovsfoothetehtiregmntoud afith peak 4t geborbMAUct . The

covered balls are then r ved fromthe nold, allowed to cool, and

pr ef er abl V"b%?? %ﬁ&‘gﬂ’lﬁf&ggému@z?bﬁ disante 49 is showmtas angxapplesmost oaglljof

nmenti one ; f r re.of _core a boundary
| ayer codn%l?%g%é?ghﬂla;ﬁgggrla t.e}‘r1J aaL@1I29 °g?l"e€P§§{eé‘g{“8’g€ﬁg H}%’% acsg'g{l:iunc “ﬁ’.’%@ Ss. The
pre- heat i The sorpur $9Pmaf de shrictarized s laicohaive DrtvaRRlinfleddioR 9aintd Tohhadcor e

and any b (lél’ll?dal’ | ayers, preferably to cause the core and any. boundary
| ayers t 08RG RS SHVEREPMSdss A90D i, inflectiompelin 2632 apb from iafledtionipaintwhi | e

the py hﬁfy}ltl?l {S 10 described as being after core formation, the
pr eser?;3 met otggdg%g@w(ionterrpl ate heating the core both during and after the

formation of Thecabir 199!df tkedifpldsiotdFithe é’@%ﬁ!nveﬁﬁmm@fhaﬁéaeorf?ﬂﬁht hat may
be present or liberated in the Core fromthe core formation process may be
used in tdegreerBéziernalynpmialdmvingythe fatewdpoi ng t her nal expansi on, the vol ume
of the ball increases fromits &nlhggk si.ze. Preferably, the core and any
i nternedi ate 15 boundary Iayerpfk" 'f&ﬂO §fﬂ6§ to applying the cover, to a
tenperature of about 13 5 F to about |75 F, and. nore preferably between
about 140 F to about 160 F. This preheating preferably occurs for about one
hour, or for such tinme as needed to achi eve an anount of thermal expansion
prior to cover formation such that thd3over wll not crack, and/or to
achi eve a desired i nprovenent in cover nolding cycle time, as 20 descri bed
bel ow.. Al t hough the duration of the pre-heating step is not believed to be .
critical, this preferred anount of time permts substantially even heating
of the core and any internedi ate boundary | ayer and results in
substantially steady-state ~ thermal conditions within the core and any
i nternedi ate boundary layer. Wile the tenperature ranges and heating tines
di scl osed above are the 25 preferred ranges and tinmes, it should be noted
that the invention is not limted to any exact tenperature or heating tine.
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preferable to cause a relatively | arger anmount of thermal expansion to the
core 12 and optional boundary layer 13 to substantially prevent cover
cracking. The Volunetric thermal expansion of the core 12 algg‘do'g&g%g
boundary |ayer 10 13 -may be expressed as a percentage, ~ nal
- Vol yni t i el0)011946€0] Vol I nitial where Vo anal is the aver aglecT' PRaRf the
core 12 or the core 12 and one or nore 15 optional boundary ayers 13 at
the high tenperature, and Vollnltial is the average volunme of the core 12
or the core 12 and one or nore optional boundary |ayers 13 at the | ower,
initial starthergne é’?rﬁ@r@? Darameiric d@ﬁﬁlﬂgd@mmfm:bdthtthacoweu@hdmncawc expansi on

f I %: f t. t t
Cr acki ng. anER ek U Bl HRR BRI e it lebh G bdioBi 1 72 cast ng

process. It wll be under stood, 20, hpwever,yi{hgti this is not. intended to
serve as a lower limt for the vol Urretrl c therrmal expansion. Instead, the
| ower limt andp l&e@-lab%thsﬁsgl‘ecmﬁ\ﬁhb \definipg Bézienblehdingditretion) which fier tge! f bal |

construc%| on, and t cesses used i,n the system_ Determn nation
ot "o b S°B1 resp B inketfiofan bl BRE G Brmamraouis saspdnatsmosKRl t dt koL
skilled in thal@idn ofthd Sinplé. eBhﬁ"t‘ﬁé W%et &?ﬁ@ﬂﬁ Serkex o elfﬁslnl%)tg? Pgl&égnl,%g jone

or nore optional boundary 25 a ers e cover he cover
14 is pref erabty. dpploredetaitad dcsctrfp&mn@lf thelBXzien Golypbintl attilibed iddthE Yresayer s 13

are at an mcregsed te%raw Ee and npst preferably at the increased

t enper at ur e "SFPHPHEFHATHG M4 W@gﬁ@@f’ﬁeﬂé For QQmPFF?é GraphishtSecondnt i on
provi des a d v c Ie ound nd as
such enabl es d%osnl %ﬁé@g}%ﬁf E{)cél%fa hﬁgv%%%n%xg%nz‘lg e P %gessaZ§§ JO%SWM’% 16
March 2004 REedientlyiingorporatedhiyzefekgnpe.cal |y provi des nmaxi mum gol f ball COR

and, therefore, >i’§rrum di st ance for a given golf club head speed.
Exenpl ary gol f BArt PI?FC{!'@J@&?P&OBSt A gAvatiopg dafinng deisimplerngossisectigmal/shage

descri bed i d..ac ptions
gi ven aboverl]élq‘%ﬁ{‘:é &%gerdgere eacﬁ%@ong?e 5@?615’%%&\}3%3823@@2?2 made
fromthe rraﬂmrboaﬂom ambr Im; the efithean OBA[ the @adiGesthe M ball R, [)&thé @seﬁusadrd -
Tables 1 an .above, a boundary | ayer 13 rmade fromthe materi al s and

havi ng t he E‘P & Ry thpoaniry; 184S R, ﬁéuWét%te #itlep hﬁmcﬂltmﬁ%eandaﬁld chord

PPDI - based e h a 0 the
pr opert?gs géstgrq bg glqr(r?\fo?ﬂX&E ﬁ) an ’e ?ngougr mﬁe %%%Eﬁg ﬁpl | es
the data shebe aimneoﬁsahrmxbbomltlﬁ‘@dlﬂwfm Slﬁlwohﬁfdcﬁng)ihetdbﬁtdifrqwrﬂvo' nvention
as descri bed aboye. T bl e 8: Conpilation of DataPropertyBall Ex. 1Ball Ex.
2Bal | Ex. 35%%9?1315‘!@ |qur\r5$ M%Bapare@@ thsba%oﬂ thexont 99. BTJne fgslabridgx 9
LN, ~

&/~' L~ T ~the step dlscontmulty in the curvature, that ré:h}lts from havmg irue 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 alsb controls
the contour 199. The shape of the contour 199 may be refined using the parametric

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

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

14
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ot aPt oper Cyi T RnE] Ahiof BeHolt batls o1 the pompeisan feshinchidine thegolf beth 20 45

5%(“ cgﬁés sWEh A pattegx ggtgi Be:)fzrét %Ee?(t)lo%3h8age a(t)hzeggo%eéxgl( | nctﬁese)cfgﬁ% | 6500
39007 9007 98%6%‘358%38% 3@86%@5@@&% of the present lg\;_en;lzg was constructed as ggty Chore
0t S i b L
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* 53534747474747 . :1.5.a. i .
4753 tge present invention provides a greater lift with a reduced drag thereby translating

|

into a golf ball 20 that travels a greater distance than golf balls of similar constructions.

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

15 velocity of a golf ball to 76.2 meters per second. 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 should have a dimple pattern
that enables the golf ball 20 to meet, yet not exceed these limits.

20 As is shown in FIG 19, the golf ball 20 compnses a cover 14 over an inner core
12 and a boundary layer 13. The boundary layer 13 may be a single layer, as shown, or
multiple layers. In this embodimen_t, the core 12 is preferably compression molded to
yield a single layer solid core, the boundéry layer 13 is preferably injection molded
over the core 12, and the cover 14 is preferably cast over the boundary layer 13 and

25 core 12 (which, preferably, has been pre-heated). The casting process is described
below.

The solid core 12 is generally composed of a blend of a base rubber, a cross-

linking agent, a free radical initiator, and one or more fillers or processing aids. A
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th " th | ising. .a plurality of dipples di d on th
T oon wher J0tHe 8k fATRELRL Afln il MR Ol it Bagtin, fad Rt e ond o
seconds edgerydita SElts dre akdrplePSORLR Brokf Bnlfih éﬁ%e_n@s. ng%éa@r-g gy kafi us of

(0] |

curvature of a contour of each of the plurality &S s continuous
al ong t he déasrylptes.chimethaerylatesyor mond(mest)aayigtes tare freferred donde e, gottherei n a

chord dep ttomcenter.of each qi e of the plurality of dinples

i s bet vveetr?gg%f?gé)?ghecﬂesa?ﬁgu’wwlla’i‘“ﬁ%‘ﬁ? glf%%.te ‘Fﬁé’aﬁ%q“iarb’aﬂ’lpf%é@mfﬁng to
clai m 1 wihigkBighiokhe Ihakk : e irst edge is
caual to tpe Enac? IR ManfhokhhY iopE S Ghal REeGRAHAL AbuhNSohe Fies

accor di ng linking|agent(s), suchrae; exg | fiec diantytate, with the pblybiitatiiete ti AMaSEr batclc ONVeX

fromi@efi.rsfﬁeld to.a fjrst inflection point and fromthe second edge to
a 15 SecoRH°t I?S*gff%mﬁoqdﬁﬁf,comr&m@e%m our is concave between the first
i nfl ection poi ; : gl ect] int . .4. e, gol . ball
according to C:Pg?ﬁ‘&gm% @%%?ﬁet eﬁsgélh%@h‘gn&a&@%ﬁm %%tgf ibgsf‘?smg‘?ertaﬂg di npl e

are each thefdmeslitising hgenk oShitalilfecauRrbl iRiatc?d fdpiike irrthd gBifbAN cofd )2 0< t < 1
i "-~nis equal to at least five, and i =n

wherein Jn,i(}) ni )t (1-t) ] )
+ 1. 5. THE’I% H’ﬂ"?iéfi?s ek @ éicﬁ@)’i perexige.rbist(tvbriei eeroxyh diisopdonys berizeneyr vat ur e

of each pgi 0] t ter the first edge is
di f f erent g;bpf)yl grr?gﬁzo(%a%g d ngpﬁ’? ﬁ?rp%%@tﬁ%gﬁéﬁtﬁ@rﬁggﬁs é]?”[tﬁBerf’ﬁ%'_ ¥4t edge. 16
16 Malkh 206di (t-butylperoxy) 3,3,5-trimethy] cyclohexane, and the like, all of which are readily

commercially available.

Zinc oxide is also preferably included in the core formulation. Zinc oxide may
primarily be used as a weight adjusting filler, and is also believed to participate in the
cross-linking of the other components of the core (e.g. as a coagent). Additional

20 processing aids such as dispersants and activators may optionally be included. In
particular, zinc stearate may be added as a processing aid (e.g. as an activator). Any of
a number of specific gravity adjusting fillers may be included to obtain a preferred total

weight of the core 12. Examples of such fillers include tungsten and barium sulfate.

25
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6. The golf ball according to claiml wherein the plurality of dinples
conprises: a first plurality of dinples disposed on the surface, each of
the first plurality of dinples having a first diameter; 5 i%gﬁﬁﬁyﬁh
plurality of dinples disposed on the surface, each of the %ﬁality
of dinples having a second dianeter, the second dianmeter greater than the
first dianmeter; a third plurality of dinples disposed on the surface, each
of the third plurality of dinples having a third dianeter, the third

di anet er gr eat efabledrbeldw psedidesdhd fandésofenaterialaintinded th fhk dsRlfbimul@iondi npl es

di sposed on.fthe surface, K each of the fourth plurality of dinples having a
fourth di aREHEPIESERENVERoONy di aneter greater than the third dianeter: and a

fifth plurality pf~drmptres—drspaset—ot—t-ke—stf-Hpeer—eaeh—od—the fifth 15

plurality of di ng.;_gs_mng_a ghle f: ?ﬁg prmul HonStifih di a‘matétI gr eat er

than the fourth [dtemBeRsnt wher e| RrefereediRange | spMostPreferted Rangé ourt h and

fifth pluralitiesPaybutadiphes coy &0 partsl east ei phdQpaper cent of the surface

of the golf ball]ZiaQ diacrylite gol | 208KlphAaCCOrar NpR3.9gphA! M © WIETEi n the

plurality of di nPF&e okldel TET_CO !5'033‘5? aSTXthrpherarrty—of—anpl es

di sposed on the °Zih:5‘§1 N ecaLh O tllgc Si-h—pHd 131! & of "4 Aples! having a

si xth di aneter, [hAe sva';1 i an%-gipgﬁééal_er t-ha ﬂqﬁﬁﬁi.t_h_d.La.[mter, wher ei n

the first, seco FIRWPHI fourth _-2f13-§ﬂ?h%1nd si k@A pl-épities of di npl es
i@HFS/-thr ee per cAddesitedt he sur

cover at | east f Asdesiedt he gol f pall. 25 17
16 March 2004 8.| (Blgetungstenpal | pGcprditghr) o cl plerg. Z-Mhghrei n thel plurality
of dinples further conprises at Teast one seventn arnpre arsposed on the
surface, the at |east one seventh dinple having a seventh di aneter, the
sevent h di amet erlnjagseferrnd fornh ghef fimisheddiorant leas 2 didimeter of abbet F.35 & abosecond,

third, fou . Lifth an i lLuralitieg of dipples and_the at 5 | east
one sevent L’kgilwg%%&@ﬂf%lﬁ(ggg‘@n%%?ﬁtﬁ ?‘Retﬁ’é?gig@ﬁ inghes; fiBe serefgightof t he
gol f ball .j Brab8) ; [ ; , t with a
surface thles%é%n, Pj heagﬁél?%&c@\/tg?g?%gg? ﬁlgedrﬁprrg?eot %@?%?’e?ﬁgﬁ%’%%’s‘%r coat ed
with at | eetoprassiersis prefatablyt meinghéd inahd rangapf dbwung) 1o, andPmdkrl i ty of

di npl es di spas op t syrface, wherein each of the plurality of dinples
has a fi rs?r%geﬁégyéﬁﬁutg%st@ggnd edge dianetrically opposing the first edge,

and the radius @gf ,edd NGEWS “ | € f.1 |urality of
dinples is cont‘lqmﬁlous ég{:%{’ngle? %@e%(ﬁgﬁé& éeﬁgéﬂrg@rggﬁﬂ?ﬁ%%}lg‘?’%t edge to the
secondlledge. 1 S 10.P@A anfpredsineclyct {8haRiehhrotnigestibnunteat ed t her noset
pol yur et ha,Pﬁ pyer, the ¢over having an' uncoated surface, the golf ball

conpri si ngi %% AMRTGSHIN YAlRg i51thamawnt of deformationcd agiotfhsdldn inghes he
t ed i i first .ed d.. d
ctge i anaiach s Sraleita ot 2R uilss ATy o005 Acfurtibl 8RR Rnor o o1

a cont our af0.e@inchés drder ploadalfi209 poilindROthe IRIEHIE SorhSreSsisH V4O 5anAMKRE t he
entire co 8ur fromthe first edge to the second edge. 11. A golf ball
* conpri si n&g 2 ORRIFSSIA, Yaker ig &S| lvgbﬂlq the inyenters 4re aware, of femmanles caitaipddsin

th , || fo.dif t f di havi |
i 11 eriont “Gioarar N SREHR A s 8T el b S o3 h el B GR ciibaafe
formed frovalwesr-c860 aRichle 0oMmpies$ion vAuPa kiR RRGINS ARG obRAGHSMMRatREEPO! Yy e

and a m xture of diols., 18/1
formula and definition set forth above;

Table 2 sets forth physical data for cores 12 that were manufactured according to
the above-description and incorporated into specific embodiments of golf balls 20.
20 - Each specific embodiment golf ball 10 is referred to and identified by the same ball

example number throughout this specification.
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10- u9310%g& () - H5p0% U&5() - Of 1Gye U&'(). —10¢ 0 T )6Lr+J.U/l:.v & ()-
2, 2007 gt e ol O S O Cl o )-
10- uzQrdaPgr—46—rdy 3 36 4 6058 THT400 733

6 37.5 375 25 9 0.058 51200 |57

7 40 40 20 9 0.058 55100 |58

8 50 |50 0 9 0.055 78600 | 61

9 475 475 5 9 0.050 71300 | 61

SURLYN® 8150, 9150, and 6320 are, respectively, an ionomer resin composed
10 of a sodium neutralized ethylene/methacrylic acid, an ionomer resin composed of a zinc
neutralized ethyléne/methacryiic acid, and an ionomer resin composed of a terpolymer |
of ethylene, methacrylic acid and n-butyl acrylate partially neutralized with magnesium,-
all of which are all available from DuPont, Polymer Products, Wilmington, DE.
As is indicated in Table 3, all of the boundary layers 13 in the examples include a
15 predetermined amount of a baryte mixture. The baryte mixture is included as 8 or 9
parts per hundred parts of the ionomer resins. One preferred baryte mixture is
composed of 80% barytes and 20% of an ionomer. The specific gravity for each of the
boundary layers 13 in Table 3 was 1.007. The flexural modulus provided in Table 3
was determined according to ASTM D790. The Shore D hardness provided in Table 3
20  was determined according to ASTM D2240.
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dEbC 10-y prepolymer is formed from PPDI and a polyol suchasanester ol ol, a po T
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99dEbClQ 0- polyol, or a blend thereof. A preferred polyol is polycaprolactone The curing agent, or
10% U& () bARB UE (1 14090 SR AR HE N A0% S8 O EARRUE O
10- u7510% Y&iahs dich aRetflehd pllt00RLSthED uRBNL QYUY @y droquitione, a mixture of
hydroquinones, a triol, a mixture of triols, 4 diamine, a mixture of diamines, an
oligomeric diamine, a triamine, or a blend of some or all of these materials.
15 Specifically, the cover 14 is most preferably composed of a polyurethane fbrmed froma
PPDI-based prepolymer and cured with a mixture of diols; such as, for example, a
blend of 1,4 butane diol and glycols. Such a suitable blend of diol and glycols is
available from Uniroyal Chemical Company, Inc. Middlebury, Connecticut, under the
name as VIBRACURE ® A250 has an equivalent weight of about 45. Other agents
20  which may be utilized during the curing process include trimethyl glycol di-p-
aminobenzoate (such as VERSALINK® 740M available from Air Products and
Chemicals, Inc., Allentown, PA); toluene ethylene diamine (such as ETHACURE@
100 available from Albemarle Corp., Baton Rouge, LA); cyclohexane dimethanol
(readily available); hydroquinone-bis-hydroxyethyl ether (readily available);
25  phenyldiethanol amine mixture (such as VIBRACURE ® A931 available from
Uniroyal Chemical Co., Middlebury, CT); methylene dianiline sodium chloride
complex (such as CAYTOR® 31 available from Uniroyal Chemical Co.); and/or

prionene amine (readily available). This list of preferred agents (including chain
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triols, or at least one of a diamine type curative(s), such as, methylenebls(ortho-

10 chloroamlme), or ETHACURE ® 300 or ETHACURE ® 100 available from
Albemarle Corp., or an oligomeric dxan_nne, or a mixture of some or all of these
materials, and most preferably using a mixture of 1,4-butane diol and glycols such as is
available from Uniroyal Chemical Company, Inc., under the name VIBRACURE ®
A250.

15 The weight ratio of the PPDI-based prepolymer to the curative is preferably in the
range of about 10:1 to about 30:1. Prior to curing, the PPDI-based prepolymer and
curative are preferably stored separately. The PPDI-based polyurethane is formed by
first heating and mixing the PPDI-based prepolymer with the curétive in a mold, and
then curing the mixture by applying heat and pressure for a predetermined time period.

20  Additionally, a catalyst (e.g. dibutyl tin dilaurate, a tertiary amine, etc.) may be added
to the mixture to expedite the casting process. Specific suitable catalysts include
TEDA dissolved in di propylene glycol (such as TEDA L33 available from Witco
Corp. Greenwich, CT, and DABCO 33 LV available from Air Products and Chemicals
Inc.,) which may be added in amounts of 2-5%, and more preferably TEDA dissolved

25  in1,4-butane diol which may be added in amounts of 2-5%. Another suitable catalyst
includes a blend of 0.5% 33LV or TEDA L33 (above) with 0.1% dibutyl tin dilaurate
(available from Witco Corp. or Air Products and Chemicals, Inc.) which is added to a
curative such as VIBRACURE ® A250. Furthermore, additives such as colorants may
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iO ' of the cover 14 over the boundary layer 13 and/or core 12.

The PPDI-based polyureth;.ne cover 14 of the present invention exhibits godd
tensile strength, tear properties, and flexural modulus at lower hardnesses. In addition,
because the preferred material is PPDI-based, the cover 14 has a tan § value lower than
conventional (e.g. MDI- and TDI-based) thermoplastics and thermoset urethanes.

15  Thus, the PPDI-based polyurethane cover 14 of the present invention loses less energy
as heat upon a high distortion or impact event (i.e. hysteresis) compared to these other
polyurethane materials. It is believed that the relative supérior mechanical and physical
properties of the PPDI-based poljurethane cover 14 of the presenf invention is due to
both the rigid rod-like structure of PPDI and the distribution of that structure

20  throughout the polyurethane.

In the preferred embodiment, the PPDI-based prepolymer is preferably a PPDI
reacted with a polycaprolactone. The PPDI-based prepolymer material is preferably
deéassed and warmed in a first holding container prior to processing of the ¢over 14.
The processing temperature for the PPDI-based prepolymer is preferably in the range of

25  about 100-220°F, and most preferably in the range of about 120-200°F. The PPDI-
based prepolymer is preferably flowable from the first holding container to a mixing
chamber in a range of é.bout 200-1100 grams of material per minute, or as needed for

processing. In addition, the PPDI-based prepolymer material may be agitated in the
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first holding container, in the range bf 0-250 rpm, to maintain a more even distribution
of material and to eliminate crystallization.
In the preferred embodiment, the curative is a blend of 1,4 butane diol and glycol
such as VIBRACURE ® A250. As previously mentioned, other curatives may also be
5 utilized in forming the cover 14. The curative is preferably degassed and warmed in a
second holding container prior to processing of the cover 14. The processing
temperature for the curative is preferably in the range of about 50 -23 0°F, and most
preferably in the range of about 80-200°F. The curative is preferably flowable from the
second holding container to the mixing chamber in the range of about 15-75 grams of

10  material per minute, or as needed. If a catalyst is used for processing the cover 14, then
the catalyst is added to the curative in the second holding container to form a curative
mixture. Suitable catalyst are described above. The curative and catalyst are agitated,
in the range of about 0 to 250 rpm, to maintain an even distribution of catalyst in the
curative in the second holding container. It is preferred that catalyst is added in an

15  amount in the range of about 0.25-5% by weight of the combined PPDI-based |
prepolymer and curative. Additives may be added to the curative as desired. It was
discovered that hydrolytic instability of the polyufethane polymer may be avoided by
the addition of a stabilizer such as STABOXYL® (available froni Rheinchemie,
Trenton, New Jersey), in amounts of about 0.25-5% of the polyurethane.

20 The PPDI-based prepolymer and curative mixture are preferably added to the
common mixing chamber at a temperature in the fange of about 160-220°F. A colorant
material, such as, for example, ti_tahium dioxide,_barium sulfate, and/or zinc oxide in a
glycol or castor oil carrier, and/or other additive material(s) as are well known in the
art, may be added to the common mixing chamber. The amount of colorant material

25  added is preferably in the range of about 0-10% by weight of the combined PPDI-based
prepolymer and curative materials, and more preferably in the range of about 2-8%.
Other additives, such as, for example, polymer fillers, metallic fillers, and/or organic

and inorganic fillers (e.g. polymers, balata, ionomers, etc.) may be added as well to
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invention. It was discovered that the addition of barytes (barium sulfate) or a blend of
barytes and titanium dioxide (preferably added in a carrier glycol and/or castor oil) to
the mixture, in the amounts of about 0.01-30%, may add sufficient weight to the PPDI-

5 based bolyurethane cover 14. The added weight to the cover 14 allows for a lower
specific gravity for the core 12 thereby allowing for an increased resiliency of the core
12.. The entire mixture is preferably agitated in the mixing chamber in the range of
about 1 to 250 rpm prior to molding,

The resulting PPDI-based polyurethane cover material has the physical properties

10 as listed in Table 4 below. Table 4 illustrates the exemplary properties of the cover 14
of the present invention as compared to prior cover materials.
Table 4: Typical Approximate.Values
Property Present | Prior Polyurethanes | Ionomers
Invention | (MDI and TDI) '
Shore D Hardness | 45-60 50-60 45-75
Tensile Strength psi | 6500-7900 | 3500-4000 2000-3500
| Bashore Resilience | 55-65% 45-55%. 50-60%
As can be seen by comparing the data in Table 4, the cover 14 of the present

_ invention exhibits hardness and resilience comparable to prior materials, however the
15

cover material exhibits a much higher tensile strength than the prior materials.

The cover 14 of the present invention preferably has a thickness of between about
0.02-0.09 inches, or more preferably. between about 0.02-0.065 inches, and most
preferably between about 0.02-0.04 inches. Table 5 below sets forth physica;l data for

exemplary covers 14.

Table 5: Cover Properties
Ball Adiprene® | Thickness | Tensile | Specific | Bashore | Hardness
Ex.No | Prepolymer | inches Strength | Gravity | Resilience | Shore D
1 LFPX2950 | 0.0265 6500 psi | 1.142 62-65% 47D
2 LFPX1951 | 0.0380 7900 psi | 1.220 54-57% 53D
3 LFPX1951 |0.0300 7900 psi | 1.220 54-57% 53D
4 LFPX1951 | 0.0251 7900 psi | 1.220 54-57% 53D
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109%#& () - N able 5: Cover Properties '
Ball | Adiprene® | Thickness | Tensile Specific | Bashore | Hardness
Ex.No | Prepolymer |inches Strength | Gravity | Resilience | Shore D
LFPX2950 [0.0345 [6500 psi | 1.142 | 62-65% 4D
LFPX2950 [0.0270 | 6500psi | 1142 | 62-65% | 47D
LFPX2950 [0.0380 | 6500psi | 1.142 | 62:65% | 47D
LFPX2950 [0.0295  [6500psi | 1.142 | 62-65% 147D
LFPX2950 [0.0348 | 6500psi | 1.142 | 62.65% 47D

1wl ool alan i

.The prepolymers indicated in Table 5 are ADIPRENE® LF PX2950 and
ADIPRENE® LFPX1951, which are available from Uniroyal Chemical Company.
ADIPRENE® LFPX2950 and LFPX 1951 are both described by Uniroyal Chemical

5  Company as PPDI-terminated pelycaprolactone prepolymers. In the examples listed in
Table S, the PPDI-based prepolymer was cured with a 1,4-butane diol mixture (i.e.
VIBRACURE ® A250 from Uniroyai). The catalyst used was TEDA L33 from Witco
Corp. Three percent TEDA L33 was added to the curative for mixing with LFPX2950, |
and two percent TEDA L33 was added the curative for mixing with LFPX1951. Itis

10 believed that blending 0.5% TEDA L33 with 0.1% dibutyl tin dilaurate is a beneficial
catalyst for use with LFPX2950 (i.e. where the catalyst blend is added to the curative,
e.g. A250). |

As is mentioned above, the PPDI-based polyurethane is well suited to be used as

a golf ball cover. Particularly, the PPDI-based polyurethane exhibits such good

15 durability that a cover made from the material can be quite thin as compared to golf ball
covers made from prior materials. For example, golf balls having covers made from the
material of the present invention having thicknesses of between about 0.02-0.04 inches
performed well in durability tests, as described below. Conventional thermoset

- polyurethane or polyurea golf ball covers sufficiently durable for use in competitive

20 play (e.g. made from a polyurethané prepolymer, such as MDI, cured with a polyamine

and 5-95% by weight of a difunctional glycol, see, Wu, U.S. Pat. No. 5,334,673) have a

typical minimum cover thickness of at least twice this range (i.e. at least about 0.04-

15/11



k10% ,,s- 109E#& ()- , +OL09EH#& ()- ,*y 109EH#& ()- , | (! L0YEHE& () -

, &109EH#& ()- ,, 9% 109&#& ()-[.|[:-; 10E# , 9109&#& ()- ,, 5- #109E#& () -

109E#& () -

10% # & () -

1 y2MLOYE#&' () - , 010%E#&' () - ,/10%#& ()-NoA; 1 ,
, @L0%# & ()- , , 10%# & ()- , f110%# & arch 2004

,3"10% # & ()- 10E#10E#L}aE) 1! 10% # & ()- 1110% # & ()- 1110% # & ()-
1110% # & ()- , 10%# & ()- , LI10%# & ()-

, @!10% # & ()-P0) 111 10% # & ()- ;cL!1110% # & ()- 1110% # & ()-

L 1110% #° & (&6(11' 10% # & ()- g0 11110% # 1110% # & ()- 1110% # & ()-

11 10% # &

08 haghes)e' ()- 1110% # & ()- 1!10% # & ()-

17=CgG ) 1! 10%,# 09 # 1110% #' & 1110% # & () -
()cLI 1%0(%# & ( d%‘%@’d# iofids;&l&ziél Eén%SEIO ﬂl%lmlﬁdw(l yzrﬁm/swe&

10T D ot B SR A i,

1! 100/‘# &

| 9G ) 1! 10%Thediufer cork! IJZQﬂ@férab'lj has aldidiefe in%hé rangd of Q6 185t 1 70 inches
cLITI10% it & () C)1110%; & () CLI1110% # & ()- 1! 109 # & () -

1110% #5 & @?dﬂp

bp@mw dayer 13 profarablychias a gvallithichngss igthe)range! mf(mm ®07 Yo

1110% # & ©oo i HCHeS. /(if# the dgglred diameter of the golf ball 20 is about 1.68 inches, then more

10

15

20

25

preferably the core 12 has a diameter in the range of about 1.40 to 1.65 inches and the
boundary layer 13 has a wall thickness in the range of about 0.02 to 0.075 inches, and
most preferably the core 12 has a diameter in the range of abou_t 1.45 to 1.60 inches and
the boundary layer 13 has a wall thickness in the range of about 0.02 to 0.067 inches. If
the desired diameter of the golf ball 20 is about 1.8 inches, then more preferably the
core 12 has a diameter in the range of about 1.55 to 1.72 inches and the boundary layer
13 has a wall thickness in the range of about 0.02 to 0.09 inches, and most preferably
the core 12 has a diameter in the range of about 1.6 to 1.72.inches and the boundary
layer 13 has a wall thickness in the range of about 0.02 to 0.06 inches.

In the preferred manufacturing process, the PPDI-based polyurethane cover
material (i.e. the mixture composed of the PPDI-based prepolymer, curative with
catalyst, and any additives, such as colorant, etc.) is preferably introduced into a first
mold cavity of a mold cavity i:)air at TO. About 30-90 seconds later (i.e. TO + 30-90
seconds or T1) the golf ball precursor product (preferably including a boundary layer
13), which preferably has been preheated as described in detail below, is then held (e.g.
via suction equipment) contacting the cover material in the first mold cavity in what
will be the spherical ceﬂter of the mold cavity pair. The cover material is allowed to at
least partially cure (typically between about 10-30 seconds, i.e., until about T1 + 10-30
seconds, i.e. T2), and then the c'ore is released. Concurrently_, the cover material is
preferably introduced into a second cavity of the mold cavity pair at a time which
enables it to set for about 30-90 seconds prior to T2, and then the mold is closed

(thereby mating the first mold cavity to the second mold cavity), and subjected to heat
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allowed to cool, and preferably post-cured at about 140-250°F for about 4-8 hours.
5 As is mentioned above, the golf ball precursor product, core or core and boundary
layer combination, is preferably preheated prior the casting process.

The pre-heating step is preferably accomplished by applying heat to the core,
and any boundary layers, preferably to cause the core and any boundary layers to
undergo thermal expansion. It should be appreciated that while the pre-heating step is

.10 .described as being aﬁer core formation, the present methods also contémpléte heating
the core both during and after the formation of the golf ball core. In this manner, some
of the heat that may be present or liberated in the core from the core formation process
may be used in the pre-heating step. By undergoing thermal expansion, the volume of
the ball increases from its initial size. Preferably, the core and any intermediate

15  boundary layer is heated, prior to applying the cover, to a temperature of about 135 °F
to about 175 °F, and more preferably between about 140 °F to about 160 °F. This pre-
heating preferably occurs for about one hour, or for such time as needed to achieve an
amount of thermal expansion prior to cover formation such that the cover will not
crack, and/or to achieve a desired improvement in cover molding cycle time, as

20  described below. Although the duration of the pre-heating step is not believed to be
critical, this preferred amount of time permits substantially even heating of the core and
any intermediate boundary layer and results in substantially steady-state thermal
conditions within the core and any intermediate boundary layer. .

While the temperature ranges and heating times disclosed above are the

25  preferred ranges and times, it should be noted that the invention is not limited to any
exact temperature or heating time.  The purpose of the pre-heating step is to subject the
core and any intermediate boundary layer to an increase in temperature to cause

volumetric thermal expansion. This expansion can occur within any number of
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-convex from the first edge to a first 1nﬂect10n point and from the second edge to a

15 second inflection point, and the contour is concave between the first inflection point

and the second inflection point.

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

20 P(t) =3 Bilni(f) 0<t<1
wherein Ini® =(M)d-p~

n is equal to at least five,and i=n + 1.
S. The golf ball according to claim 1 wherein the radius of curvature of each point

25  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.
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1 %4.0% %& pural{ly 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
 plurality of dimples having a third diameter, the third diameter greater than the second
10 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
diamefer; and

a fifth plurality of dimples di;sposed on the surface, each of the fifth

15 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
cover at least eighty percent of the surface of the golf ball.l

20 7. The golf ball according to claim 6 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
dia_.meter, 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.

25
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10 ' a plurality of diinples disposed on the surfacé, wherein each of the
plurality of dimples has a first edge and a second edge diametrically opposing the first
edge, and the radius of curvature of a contour of each of the plurality of dimples is

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

15 10.  An unfinished golf ball having an uncoated thermoset polyurethane cover, the
cover having an uncoated surface, the goif ball comprising:
a pllurality 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.

11. A golf ball comprising: |
a cover having a plurality of different sets of dimples thereon, each of
the plurality of different sets of dimples having a different diameter, the cover
25  composed of a thermoset polyurethane formed from a reactants comprising a para-

phenylene diisocyanate prepolymer and a mixture of diols.
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heating the core, with or without the boundary layer, such that the core,

10  and optionally boundary layer, undergoes volumetric thermal expansion of the first
volume to create a thermally expanded core, and optionally boundary layer; and

applying the cover over the theﬁnally expanded core, with or without the

boundary layer, the cover composed of a exothermic material,
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