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1. Fi el d™S¥98¢4886 | nvention 5 PCFFE R ent i on
rel ates generally to nonofil anents, and nore particularly to )
nmonofi | aments having split ends, which nay be used for exanple as

t oot hbrush bristl es. 10 1. 2. Description of the

Rel ated Art Ther mopl asti ¢ pol ymers have | ong
been used to form brush MONOFEAMASTO ver M 981 yaiingly of
configurations. To increase t"ﬁ"""”T'T"’T:. veness oF these brushes, the

ends of such bristles have beds e BT R ANG dNpr ovi de a soft
bristle tip. In the past, however, vari ous dlfflcultles have been

encountered in 15 splitting bristle tips. In
particul ar, various technj.quesFibld\wf tleciaventis®d to split paintbrush
bristles to.inprove painting per.formnce. Such ocedur es. have been
particul arly suited t ol BRITVERORSPlaEs Beraly 190y ’W@ﬁdmgﬁ¥¢?s
whi ch propagat e 41063 tb ﬁfoﬁ@ﬁi@ﬂmts hav) $pliPBnds URhiCR nﬁ@q;el u3&dor %&ﬁnple as
particularly desirable. certain brushes, however only

splitting of thdoathrysh timélé%l rabl e. For exarrpl e, the | ength of a typical
toot hbrush bristle is about (or less than) one half inch. If splitting were
to occur along a large portion of a toothbrush bristle, the
bristles wqyl d not be suflici edseniptitd of the RelgedlArto adequat eI y clean teeth.
Accordi ngly, currently avail ahl.e lif.ti hnl s fail

adequat el y address difficul ti te)th g%??‘%?&%“\ﬁstlﬁv%&nﬁﬁf focrf”pbé“%‘f

t oot hbrush bri stirgesdn@ witi 9riddy bﬁédzﬁgmhﬁomhimlahm tﬁ@hﬂfécﬁvc&i’eﬁ of these

undesi rabl e. Y OF THE | NVENTI ON 30

Thi's invention rEwshesedhe enpds ofsichibristissdiaye Pi%?@lsﬁlg‘ % "6%%16 to provide a §gft 1y g

plurality of 'ntb@fs.ﬁkai p.f BslRhalt BE9e@Ndafibud BARLIEOHve RS EncotiliEk i t he
voi ds 15 ri se between’ 5 and '20% of the cross-sectional area of the

nonof i | anent . plitting bristle tips. This invention also relates to
a monof i | ament haV| ng a 3p particular, various techniques have been used to split paintbrush

bristles to improve painting performance. Such procedures have been particularly
suited to paintbrush bristles because long splits which propagate along a large

20 portion {up to ong inch) are particularly desirable. With certain brushes, however,
only splitting of the tips is desirable. For example, the length of a typical
toothbrush bristle is about {or less than} one half inch. If splitting were to occur
along a large portion of a toothbrush bristle, the bristles would not be sufficiently

25 rigid to adequately clean teeth. Accordingly, currently available splitting
techuniques fail to adequately address difficulties associated with splitting the tips of

toothbrush bristles and other bristles in which long splits are undesirable.

SUMMARY OF THE INVENTION

This invention relates to a monofilament having a portion

30

with a plurality of internal fusion lines and at lsast four voids, wherein the voids
comprise between 5 and 20% of the cross-sectional area of the monofilament.
This invention also relates to a monofilament having a
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.-2- dianeter in a range of 0.0025 to 0.012 inches, wherein the

nonofil ament has a hexal ocul ar, an octal ocular, or a near circular
shape. In addition, this invention relates to
a nmet hod of wo 9848086 nanuf act uri ng extruded nonofil anents hBGTHEP'EPIPt ends,
i ncluding the steps of 5 extruding a plurality of thernoplastic -
polyneric streans to forma plurality of nonofi | anments, spinning-a
plurality of cutting blades above 1000 r,om and pl aci ng a plurality
of cutting blades in contact with end f)gr'ti ons of the nonofilanents to --

o P M g SRR TS e DU RRRSES Mkl AR hPRrugltf BlaTes o

BRI EF DESCRI PTI ONeftdiochidl, 2RANIMGEr, or a near circular shape. Fig. lais a
cross-sectional view of a hexal.ocuyl.ar nofil anent of t he present
i nventi on. In agﬁ#lam% 1reeniion 1eides 1 @drethth®f vi ew of a

spinnerette capi Il ah¥-MBRE ektPhded monofilafbhes HelBng it E&&F’fédrchﬁi}%%e fbpshdg 1a.

Fig. 2a is a_cross-sectional view of another hexal ocu .
nonof i | ament > of eheudirgs phirality of thetragplastio polymeric streams to form a ploradity 0b is a

crose- secti onal vl Siihes SRR EhLAaRPEE blloutipE el 1000 rm, il the

nonof i | anent of ai's a*rioss-'secC
vi ew of another hetabigdfzutting blades innonmaét withreml posfiortsho tipr mesofilamenvsetot | on.

25 Fi is a,cross-sectional .view of spinnerette
capi | lary used t 6o split egdseiﬁ‘r%«f“@ﬁ%’%ﬁ%ﬁ%? N s ﬂ?}.}‘a‘g’s are spun
Fig. 4ais ?gcr 0gSoSaek e miunl eauicypTokd@bndTBaRNEC Ul ar

nonof i | ament” of the present invention. Fig. 4b is a
cross-sectional view of a spinnerette capillary used to extrude the

nmonofi | ament of Fig 4a. BRIEF DESCRI OF ’fHﬁDﬁﬂWI&E_%; Cross-sectional
vi ew of anot her hexal ocular — — non O;!I[!i anent of the present invention.
Fig. 5b is a cross-sectiongig. Vi sve abssssegtfrinpindeweiof @ hexgdddulaamonaflethentoof35

- 3- ext rude t he. filament of Fig Sa. Fig.
6a is a frogg Vi g\aﬁ %?é‘*gg’%’g?“n?%r ette having a plurality of
spinnerette Tcapillary | ocaFigofisis a cross-sectional view of a spinnertit®capdhiry ssed tsi de

e of e b Col e SRR HERE B oot 110t ot Soe
ends. FigFR®is o/ BroksSse@idnbONEw \GF exetifr BxAéduliet ur e having
t hree bl ades nount ed_on . .
: monofilament of the present invention.
20 Fig. 2b is a cross-sectional view of a spinnerette capillary used to
extrude the monofilament of Fig 2a.
Fig. 3a is a cross-sectional view of another hexalocular
monofilament of the present invention,
25 Fig. 3b is a cross-sectional view of a spinnerette capillary used to
extrude the monofilament of Fig 3a.
Fig. 4a is a cross-sectional view of another hexalocular
monofilament of the present invention.
Fig. 4b is a cross-sectional view of a spinnerette capillary used to
30 extrude the monofilament of Fig 4a.
Fig. 5a 1s a cross-sectional view of another hexalocular
monofilament of the present invention.

Fig. 5b is a cross-sectional view of a spinnerette capillary used to
35



a common shaft for use in splitting the ends of the nonofil anents of the

pr esent 10 i nventi on. Fig. 7c is a side view of
the structure of Figure 7b. Fig. 8 is a graph of the
natural frequency for a 612 nonofil ament with a5 L MOdul us
and vari ous We##s and di aneters. ISZI?%%’”?@%% -
perspective view of a toothbrush having a plurality of 15 feathered-
bristles. Fig. 103is a side view of a plurality of
bristles with split ends that produce a plurality of soft fine -
tips. extrude the monofiidngent dflrigssaa si de view of a conparison of a

f eat hered t oot hbrush 20 . bristle whjch spreads-out on a_tooth surface
with an ordinary solid tipigfacha front view of sapinigretts having alyahitx afont act

poi nt. innerette capillaryfib&tiods? 1S @ view of feathered toothbrush
bristles which pénetrate deeper at the gumline for better cleaning

wi thout hurting the gum offig §baisiacsirde view of the spinnerette of Fig. 62. Fig. 13 is a

cross-sectiaonal view of an, X fid s .. .accordance
with the pr gj;ent i nventi o%’g‘c}a%g%gn%e%?g %ﬁ?@éﬂ *@@P’W?&w OF THE
PREFERRED EMBODI MoibiBament having split ends. OF THE PRESENT

| NVENTI ON 30 ‘o T i Vf\hi ch,reference tg t.he dra}?vi/i%gs, sever al
embodi nents of the prese_ntplg' sa m”iﬂ’ﬂ?@’_n?'%ﬁfucm tes fhrgeoplg sleipieinlvie
net hod of manuf agtshifon Waf! foR QY REPHERS thed@ds of the mondfinthBfehe PRt | -

Whi ch reference to Figs. la, 2a, 3a, 4a and 5a, exanples of a

nonof i | anenty havitdgpt®ihexal ocul ar shape are shown. Such shapes were

achi eved 35 . Fig. 7c is a side view of the structure of FI?’#F‘ 7pt hrough an
extrusion process using the respective splinnerette cap aries of Figs. 1b,
2b, 3b, 4b and 5b. Such miigf§ isengaphsofibe aatprad frgesich forta€l 2 medofilamdnt i x

pol ymer streans. f Of I/ t i.ncl. plurality of
voids 20 and a pf”gﬁgg’ﬁsﬁﬁ"%&s@?‘gﬁ%@f‘ﬁﬁg‘% I??%ess%n%ﬁeg%%zigds result in a

voi d content of between 5 FHand BG%pepdpetiive view b senthibirmsheiaving eoplodlityhef

nonof i | amentss. . The brush bristle of the present invention can
be prepared f r onfeathgRet PrigEs; ot y of thernoplastic polyneric naterials

i ncl udi ng pol yani des, pol yeg!¥ris aaidt yiew vokehirfliy of bristles with sglit erfdgliam des
for use in brush manufacturing includjng nylon 6,6, nylon 61

(pol yhexanet hyl eﬁ@d%@@aﬁﬁ’&mo%spﬁfﬁ’& 981 yhexanet hyl ene dodecanoani de.

Pol yesters whi ch have been;d oyngd aF?sﬁi"at\iiﬁr' EPF |c¥m&ﬁ‘ksgn Sg%%‘éﬂhéf&l RbinBhisE

manuf act ure i ncl ude pol ybutyl ene terep al ate” an yetgﬁll ene

terepht hal e. Abgitieydiialf spreadirbesprhatootheninfatewittl ap ardinaryisalid fip whidh- sui t ed
to bristle manuf ﬁ%’bﬂ'éfoﬂl? a single contact point.

Fig. 12 is a view of feathered toothbrush bristles which penetrate

deeper at the gum line for better cleaning without hurting the gum of a patient.
25 - Fig. 13 is a cross-sectional view of an octalocular monofilament in

accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
OF THE PRESENT INVENTION

3
0 Which reference to the drawings, several embodiments of the present

invention, and their corresponding method of manufacture, will now be described
in greater detail. Which reference to Figs. la, 2a, 3a, 4a and 5a, examples of a

monofilament having a hexalocular shape are shown. Such shapes were achieved
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pol ypr opyl ene. The overall dianeter, or overall maxi num
cross-sectional dinension, of the brush bristles of the present invention
is in the range of 0.0025 to 0.012 inches (0.064 to 0.3 m).

The bristl es wbshssepr esent invention are preferably fornmed?ByuUsXvostdi ng
six or nore inAdividual streanms of polyneric material froma spinnerette

i ncluding the spinnerette capillaries shown in Figs 1b, 2b, 3b, 4b, and 5b,
and joining the streans to forma single fi]anent. A spinnerette, such as
the one shown in Figures 6a and 6b, incl udes- a plurality of spinnerette
capillaries. Wth reference to Flgs. 1b, ,2b, 3b, and 5pb, in th extr %IOI’I
of the thernopl asti 6}1%8‘3/?\%?3@%3@%&3% W%@PiWQVE SBRPSTER BN Fﬂ”@%@ﬁ 1g8
openi ngs 40. The fusj,08y, 04y, t tei,e ix
interface of the i n?i1 v?d’ui @ﬁr!gajr?s%hﬁﬁhh (ﬁ%ﬁa\{%ﬂﬁgﬁgaﬂwﬁgﬁ?ﬁgﬁggfs
voi ds al ong the fusimetynhdrsgeamst hEaajpecrfe!hﬁsb npafilagentatiOdnclude 2 plaraliy efsvaidn20

vary w dely. fter 1 q f r
streans at el evated af]gﬁi?é‘?rﬁ{l@ Eikﬁ?xt E‘ugfog 8? Iﬁ?ﬁgﬁ@@{sﬂﬁ%%@%ﬁn b%ér;fin
is quenched and t herbetliaaws a9 Mef fklcyosgestivhdiacka dfahe ewaofibmenti.n U S.
Pat. No. 2,418,492, herein i ncorgor atbed bg reference

i ncorporated by reference. rush bristle of the present Agventionsgan, behreppres, from 2

quenchi ng of the monghh lv%@f'bf tHeRBorldstia PBRYneti® materials inclu@ing %Btyﬁﬂldéy polyesters
stretching to inprove the longitudi'nal Stfength. In addition,
filament can be subjasdtpelyolefin®t her treatnents to inprove phy5| cal

properties, such 5 as t rggﬂ,%{&%%rt@e ﬁgﬁﬂﬂg@hﬁﬁurﬁét%&augﬁggﬁz@%d n

U S. patent No. 3,595, 952, erern 1ncorpor
The filament may be dydmt 6i9efpolyheamethykene nepataamidedoahdoesieh ¢ Ectheamethylene

it over o9 T Ruamapn et ah TR beel AWty b e R bR

filament through a hagduRiur®idciude po1ybuzy1e}£@earéphﬁmw&ﬁz ;&Ulﬁt?gh@ﬁ :emphmme A
| engt hs suitable for brush manufacture. ua

bristles are
then gathered into Hphpledia W@ﬁ’éhmﬂﬁ%“nérmcﬂﬁlédﬁ“ﬂ“&ed to bmt“’%ﬂ’“ﬂéﬁ%’é‘? 18
and t he brushes are )R)?éggllé?i@d fl agged by a procedure described bel ow.
Wth reference to Fi‘g a plan view of a cutting bl ade for use in 15
splitting the ends of t he bri §h¢ evastll dhamepsr corcoverallnmeximuancrpss-sSetioRal  An

arr angement re

a common shaft by aﬁglﬂ‘?ém %f %%C@?%ﬁ?sﬁ E%W%gﬂeg&nd% rﬂ{sggél%;%aggﬁgfﬁg?ﬁy
rotated from one anabloedi2bychks @0.064 to 0.3 miﬁprees is shown in Figs. 7b and
7c. It has been found that by, [otat

n ch a bl ade_.a 10 rpm
and pl acing such a bl ade in coff ggtleﬁn%{ﬁx%tq{gsegtrmg?qngg agcme@?%gv?mmeggy g

fine feathering (spldgthitngkixed: B6ke indifiden Sreeansd ﬁlﬁﬁeﬁ&ﬂaﬁéﬁﬂsﬂﬂh a spxnneretw
i nvention, the bl'ades are rotated at 30,000 r

motor. The interfer éneeding theespinnerette capillaries spwisin %gaﬁa %ha@bbﬂ%m?éld@ #8¢ i ed
%dependl ng on the deppiy;Bfink BCeSR! thioif s el filament. A spinnerette, such as the one

shown in Figures 6a and 6b, includes a plurality of spinnerette capillaries. With

reference to Figs. 1b, 2b, 3b, and 5b, in the extrusion of the thermoplastic
polymer streams, the polymer is extruded through openings 40. The fusion of the
streams results in fusion lines at the interface of the individual streams, and the
formation of longitudinal voids along the fusion lines. The general configuration
of the voids can vary widely.

' After extrusion of the thermoplastic polymer streams at elevated
termperatures into a single filament, the monofilament is quenched and then drawn
as generally described, for example, in U.S. Pat. No. 2,418,492, herein

incorporated by reference.
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25 al though it has been found that 1/8 to 1/4 of an inch is preferable.

Essentially, by spi nning the blades at a high rate of speed and

pl acing the blades in contact with the bristle tips, a fast and
viol ent brist| ®Qa8M8i8fig action i s achi eved, thereby causing YCTUSS065 | nq|
bristle splitting. It has al so been found that by
rotating the bl ades at or near the natural frequency of a
monofilament will obtain optimal splitting.of the bristles. The

natural frequegcy of a uniformbeamis

Natural Frequency mwkﬁﬁtéd byd Rference.
-6- where A=3 for a cantil ever beam | =ar ea nonent

of inertia = [err] After extrusion agl guensiug gl Be vhofilagient, tiE Glementiis v

Th
requency Ts ubual (5oipd FRHhALG thorove 0cheinsdal srengerl i AtdthPlne
expressed in revol dlldnesms cqele subpmeétdaythdn weattnerys toyindfraverghysical pragetticp) suchg
by 60 d t
2020, a grapfl of o REHRERPLT it e % dpscaibghis U-S. patont WpoaSF FiE0CC O

bristle with a 5500 ﬁgémﬁ@gglw&eﬁfgﬁcyarl ous |l engths and dianeters
is shown. The nonofilament bristles of the present

invention produce a |arger ﬁ@ﬁlmm}ﬁ%@rbﬁ)‘?ﬁab%@@?df@?ﬁ% for geosidheng recauaTy.
previ ously known maagf, t%%?%rg{)bféakﬁéi arm 2,z E&L% é%l&ﬁ%ﬁ?&r oJé}e

bristles exhibit excellent eana
particularly L1I6 ef ultheaflamenst bz tigiid lbanhwtiesx bsopmmgi Ei@eﬁlmmrtkmbglya @uhtof oﬁh ne

tips. S t echni gu he tles.,of t

i nvention are spI it Fgﬁﬁ% aﬁ%ﬁ’eﬁg {intb 1%%%5 ?“6’8‘?%83 ?IBS% r}gaﬁlew |ty of
slmal I gr ](candsdt hﬁt sxe:lri]ﬂbuaﬁ bﬁstglsw thar gﬂh&@dh‘mbxandées the bﬁ&?!f:ﬁmlmﬁédfmtdt has
al so be found that .t he no n ar ea, achi ev suc a

ends scrub maj or t@ﬁshesaﬁgg@eg’é‘fsgﬁsr ”B?W%gﬁidn%ggﬁ%?mﬁga‘ﬁd‘i‘%%E%HP%%?"’I%"‘( h
the tooth surface aswywelrbfeRficer@HigVid)a Mﬂ%@ﬁ' af @&ingier f@pmcqgt
is made with goft tissue in t he mout h.

reference to Fig. plitiagiespduefithe buisteefdre meabmm@ns BN MR gAD ﬂfmﬂgﬁmeat
plurality of feath

biurality of OF Bfled it blaies ol B oaniih By oicB TGP odifinbi Chant A b
soft fine tips is &Soofshduei and which are‘ﬁpgsemiamiy Matezﬁfrbml mmbshespy &3dH- out
on tooth surfaces to _pravi Qints i ke
ordinary solid ti p§! S S‘g"r“’d\ﬁ“ﬁ’]‘? ?#) ) gg%a[séag?n ﬁ%f]&?}fat‘}i fotating such's
c?rrparl |S'03 of 2& hes @laft ubdki 1090 gfm mnpmhg mihrrt SladeDintdatast wigh ehed@BRil&Cichizodsnt
of a soli

a fine feathering (splitting) effect. In one example of the present invention, the
blades are rotated at 30,000 rpm with a router motor. The interference between
the bristle and the blade is varied depending on the depth of the split desired,

25 although it has been found that 1/8 to 1/4 of an inch is preferable. Hssentially, by
spinning the blades at 2 high_ rate of speed and placing the blades in contact with
the bristle tips, a fast and violent bristle cutting action is achieved, thereby causing
optimal bristle splitting.

It has also been found that by rotating the blades at or near the

30 natural frequency of a monofilament will obtain optimal splitting of the bristles.

The patural frequency of a uniform beam is

BT
i

Natural Freguency = A
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tipis shown in Fig. 11. The fine feathered filaments of the present

i nvention al so produce a greater and deeper penetration at the gum
line for better cleaning without 35

-7- WREHIH the gum line of a patient. Such deepePCHEELPERi on at
the gumlineris shown in Fig. 12. Accordingly, these soft filanen
tips carry sweepi ng power action along with a benefici al :
interdental and gumine cleaning. In fagt, it has been found that
such feathergd tips reach farther between teeth, provide better cleaning
5 coverage than ordinary soft filanent tips because of the increase in
cont act surfaces, and thus holds toothpaste in contact with teeth.
Such an arrangenwhere #4332 for a cantijsresvied®ms a uni que cushi oning effect at the
ti ps which adds extra softness to the brush. Such softness reduces
bl eedi ng of the guns during hrushing.;fvet*eqver, 10 such bristles have
proven to be as HyYreReReROfipaTHY = i | it S.

Al t hough th; present invention has been described with reference to

a hexal ocul & brjstl,e structure ving six voids, it.has alsp been. found
Chat an 3 XPuias Hpeih of BBy i e Ot ok s et ot BGEBpr ot des
numer ous benef i CTR natural frequefdyfie Qbally SRl iR faddok dbosubAY which $id &sd Be Shown
in Figure 13. It is also to be 15 under.stood that although six and

ei ght streans ha¥@rasesdrin gewditioss BrHMiayle by dividing by Zr-Ang SupIEPYRE Y al ocul ar
structures, respeelidbymimid’ €ater number of streans may be used
to produce ditional "structures having a correspondi ng greater

number of voi ds. The out eWigheafuense te &igh 8hempdafithe nateral fe@entyafor ar61dt her

20 | SUTUCLUT e ofip, D RO G 1586000 o Suok Bl BE Aichl T6hRan8 a0

ci rcul ar shape. a near crrcular outer shape 1§ shown i Elgure
13. is shown. The percentage of the cross-sectional area

occupi ed by the voids in t he nonofil.apents is determ ped t he
size, location, symetry At n%"l‘?aﬁlémB’?trE‘)’ﬁ_ges %ﬁgprﬁs‘?\%f"d@m’f‘tprﬂ elﬁgé‘ﬁ"’? ound
that a certgin |@weder of sthglek enasspagR-)tuai peviowdly kndwasmbhofilfinent bristles N
optimal splitti % of brushes havi n&@rel at|l velﬁ short. ]l engths, such as

t oot hbrushes. T %F‘Héia’@ﬁ?}’-nﬁ?“l’ prisiies gripbit prog %idﬂmé%ifﬁ @ﬁc}%ﬁnﬂb@?}iﬂé@‘ﬁ 5 and
20 % _ of IB@aftRRdy SR QARG rified RS rSRBO b AP §eﬁ,(\jf{:{e*1ip§.UCh _
brushes, if the voids are too snall, such as the vaolds disclhosed in

U S. Patent No. By asisz a@B a teghypique, the bristies of Herpiresgntinyestion weusplit ratisy|than n
broken bristle e : i k- i.eV4 oo f i he
Dorde are poo | SSTobREATI b Al G R i as et sorl BB NA fea blord N
4,279, 053, the baffestively. WitiHasl alse ¢ femd elms theymomukndchreessyphicvad bp wkolt flagked v

propagate down tfig bristle dut) 00, b, Y LibptsRodiode i 2hRL S RE st e 11
surface as well as achieving a softer feel when contact is made with soft tissue in
the mouth.
With reference to Fig. 9, a perspective view of a toothbrush having

a plurality of feathered bristles is shown. With reference to Fig. 10, a plurality of
bristles with split ends that produce a plurality of soft fine tips is also shown.
These feathered filaments spread-out on tooth surfaces to provide a plurality of

30 contact points, unlike ordinary solid tips which provide only one contact point. A
comparison of these plurality of contact points to the single contact point of a solid
tip is shown in Fig. 11. The fine feathered filaments of the present invention also

produce a greater and deeper penetration at the gum line for better cleaning without
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-8 - inportant that the tips of the bristles be split without the split
propagating down the filanent, either during manufacture or use by a
patient. This may also be true of other types of brushes, deg i on the
particul ar u$¥%H8¥Bhe brush and/or length of the bristles. SRR A

Wth regard to-the location of the voids within the nonofil anment, the voids
shoul d be | ocated about 1/2 way between the center and the outside edge. "It
has al so been found that a |onger and shender void achieves a greater
flagging effect than a rounded void. It is also to be noted
that the voids Maybe kd gﬁ}ﬁ‘rﬁ:@%F’Q%&tﬁén@.abu&{dsaﬁéfrﬁéﬁétfaﬁﬁﬁhﬁ thdlghMoughs it is to
be noted that an asymmetrical void may have a natural curvature which is

of t en undesi r abl eh¢wn pa¥igi sl Accardiagly, thesshsolislilamens $1Ph b veepingfpomabl v,
openi ngs 40 of the.spi.nner Lk Al 'Qijg 3 Clop
have a radi us of Qg%(?ﬂ\%g %E&Eﬁ)ﬁ&ﬁ%ﬂ agéﬁg%t%%ﬁggpg%&lm & S%p%ﬁ'i %3’25 H%Qof

t he spinnerette dapid thatrsyclofeathemgd tipb rdaely farthor betbeannedth r grdvids béter cleadihgis of

curvature) of 9 mls, ile the openi ngs of the spinpnerette capillary of

Fig. 3b havega_ r SAYFREC a’B"WaEV_. Sq%r@éﬁn qpﬁ&?‘i?fsetfgég%fmf%? @ﬁoﬁ'ﬁgr ette

capillary of Fi gugaceb zihﬁ&hﬂsﬁﬁﬂds&ox?tﬂ@s@%ﬂm&& G tediBNGhid aBMnothedtiatie 22,
ar

whil e use of the spinnerette capil of Fig. 3b results in_ the

symet ri cal nonofrevides gruniguecpgiondng effect atdthe Bpovhigh addsexira sefttesyio thae
asymmetrical nongfikt.a ' oS Qﬁ-%) | n nmetry
of the design, bg{n’lls\k/]vi {%@{x ﬁéeﬁqeggr%ce{u%?%c%%%ﬁewl%gﬁgg %ﬁ%%’gg&()l@%ﬁ%%, t he
streans are ot kencht bristiet bayetphevien 46 be hehygienicess fogndfilatents. As such,

i nsufficient space is |eft r of the streans. to be pull into the
ronof 1 afrent Alfbugh % 3t sch Sl ModsB aBrbib il ePEen s o
of the wei ght of atieRalbauidr@mshe staichee &vng 5 vors,gbhasodisoobday Painkiedtqal sol i d

bristle of the sane_exterior confi gﬂrat I gn, accordi _ngsto the fol] ow ng
formul a: octalocular bristle structure™( aving gglpt]vmds) provides numerous beﬁ?ﬁ%ugh t he

present inventionsBas BeGNaQIB6dRe brikih kQhEPn B Fig@elBl Nt is also to be
-9- 15 preferred enbodi nents, other enbodinents that are apparent to

t hose of ordi nar ynderstood that gibopgh six ancheighir trezmehave deen wicdhelaehisve be wit hin
t he scope of the,pr ' ' s:s%‘ﬁ: i i f the
present inventi or%legl;ag&?%%g{r%eg E)%‘ﬁ%emiuf%mf’eﬁ on y(ﬂ"[h(/1 é}galtgr & o oF QiR

may be used to produce additional structures having a corresponding greater

number of voids. The outer shape of such hexalocular, octalocular or other

20 structures may be manufactured so as to have a circular or near circular shape.
Such a near circular outer shape is shown in Figure 13.

The percentage of the cross-sectional area occupied by the voids in

the monofilaments is determined by the size, location, symmetry and shape of the

25 veids. It has been found that a certain level of hollow space {voids) will result in
an optimal splitting of brushes having relatively short lengths, such as
toothbrushes. The voids optimally result in a void content of between 5 and 20%
of the cross-sectional area of the monofilaments. With such brushes, if the voids
are toc small, such as the voids disclosed in U.S. Patent No. 5,128,208, any

30 feathering effect w.ould result in broken bristle ends rather than in achieving
feathering. If the voids are too large, such as the voids disclosed in U.S. Patent
No. 4,279,053, the bristle would feather easily, but the splits would likely
propagate down the bristle during use. With use as a toothbrush bristle, it is

a5
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important that the tips of the bristles be split without the split propagating down the
filament, either during manufacture or use by a patient. This may also be true of
other types of brushes, depending on the particular use of the brush and/or length
of the bristles.

With regard to the location of the voids within the monofilament, the
voids should be located about 1/2 way between the center and the outside edge. It
has also been found that a longer and slender void achieves a greater flagging
effect than a rounded void,

1t is also to be noted that the voids may be either symmetrical or
asymmetrical, although it is to be noted that an asymmetrical void may have a
natural curvature which is often undesirable in particular uses, such as a
toothbrush. Preferably, openings 40 of the spinnerette capilaries, as shown in
Figs. 1b, 2b, 3b, have a radius of curvature r in the range of 5 to 12 mils.
Openings 40 of the spinnerette capillary of Fig. 2b have an internal radius {or
radius of curvature) of 9 mils, while the openings of the spinnerette capillary of
Fig. 3b have a radius of 8 mils. Interestingly, use of the spinnerette capillary of
Figure 2b results in the asymmetrical monofilament of Fig. 2a, while use of the
spinnerette capillary of Fig. 3b results in the symmetrical monofilament of Fig. 3a.
It is important to note that the asymmetrical monofilament of Fig. 2a is not due to
problems in the symmetry of the design, but with the large size of the lobes. With
large lobes, the streams are not knitted together as the center is pulled. As such,

insufficient space is left for two of the streams to be pulled into the monofilament.

The void content is determined on the basis of the weight of the
hollow bristle and the weight of a hypothetical solid bristle of the same exterior

configuration, according to the following formula:

% Void Content =

100 (1-weight of hollow bristle)
weight of golid bristie

Although the present invention has been described in terms of certain

SUBSTITUTE SHEET (RULE 26)




What is clainmed is: 1. A brush nonofilament having a portion
with a plurality of internal fusion lines and at |east four voids, wherein

sai d voi ds 0%5@%’!4@?& ween 5 and 20% of a cross- sectional agp@guehoite
nonofi | anment . . The brush nonofilament of claiml wherein _

sai d nonofilament is a toothbrush bristle. 3. The brush
nonofil anent of claim 1 wherein said nonofilament is made of a
t her mopl astic polymeric material . 4, -9- The brush nonofil anment_.

of claim3 wherein said thernoplastic polynmeric material is selected from

the group consi st ipreiersid eRybadimeus othey Pbodsments thaiotse wrparent to thege pberdinary | ene
terephthalate. 4 the at are alsoTlnégcge'?i% "Bg _Wﬂ.&f thb B0 be Blwgésglrl{l]‘%%en%ﬁf eln

sai d brush nonofil"anent has Si X VoI
monofi | ament of cléatondibgiyherecicopesali the presah inventivhi ik fmended trobe Bintiéd onlpibgls.

7. The, br.ush nonpf.i.l ament of claim 1l wherein said brush
monof i | anent has &GeHP WPPREALF8t er shape. 8. The brush
nmonofi |l ament ®f claim 1 wherein said brush nonofil anent has an out er-
dianeter in a range of 0.0064 to 0.030 cm 9. The brush

nmonofi |l ament having a dianeter in a range of 0.0064 to
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0.030 cm said nonofil anent having a hexal ocul ar, an octal ocul ar, or a near

circul ar shape. 10. The brush nonofilanment of claim9 wherein
sai d brush nR@a9égidement is a toot hbrush bristle. 11. PCTIUSYHI08FBE brush
nmonofi |l ament of claim9 wherein said brush nonofilanent is nmade of a .
t her mopl astic polymeric material . 12. The brush nonofil ament.

of claim9 wherein said thernoplastic polyneric material is selected from
the group consi sti ng of nylon 610, nyl on%%12, a pol yam de, and pol ybutyl ene
terepht hal at € The brush nonofilanment of claim9 further
conprising a port’?@r‘\t #ictaimed Bt urality of internal fusion lines and at |east
four voids, wherein said voids occupy between 5 and 20% of a
cross-sectional area of the monofil ament. 14. A met hod of

manuf act uri ng extt.uded br uséhbmhlmdnbﬁhmnntsﬁah'mgimr&@ Mtherpéisaﬁtg@frintd:mﬂng

extruding a pluraity of ther | asic. streans.to sh
mono 11 anents: | Tubibn tned 2 AR RRE it SRR it O o oiic 52 204
above 1000 r @ adfith cross-sectional area of tielmetofithnidag plurality of cutting bl ades
in contact with end portions of the brush nonofilanments to formsplit ends.

15. The nethod of claim 14 wherein said extruding conprises

extruding said thernmopl ast e Bk HddofiladlehP S Bath 0 Whbre HRI ABRIBIAE js 2 1

The nethod of claim 14 wherein said extruding conprises extruding said
t her nopl asti ¢ pol patsbiveh bristleans t hr ough a spinnerette having a plurality of
spinnerette capillaries, each of said spinnerette capillaries having a
plurality oflfopenings with

3. The brush monofilament of claim 1 wherein said monofilament is

. made of a thermoplastic polymeric material.

4. The brush monofilament of claim 3 wherein said thermoplastic
3 polymeric material is selected from the group consisting of nylon 610, aylon 612, a

polyamide, and polybutylene terephthalate.

5. The brush monofilament of claim 1 wherein said brush monofilament
20 has six voids.

6. The brush monofilament of claim 1 wherem szud bmsh monofilament

has eight voids.

. T I | HHL | @l

L ]

7. The brush monofilament of claim ! whersin said brush monofilament

has a near circular outer shape.

30 '
8. The brush monofilament of claim 1 wherein said brush monofilament
has an outer diameter in a range of 0.0025 to 0.012 inches.
9. The brush monofilament having a diameter in & range of 0.0025 to
35
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a curved portion having a radius of curvature in the range of 5 to 12 mls.
17. The nmet hod of claim 14 wherein said extruding conprises
extruding a plurality of thernoplastic polyneric streans to form

hexal ocul ar or o®C#86&@Far brush nonofil aments.  18. PCTRRE#¥hod
of claim 14 wherein said spinning occurs at or about a natural frequency of
sai d extruded brush nonofil anents. 19. The nethod of claim 14
wherein said end portions are | ess than 0.64;cmin |ength. 20.

The nethod of claim14 wherein said plurality of cutting blades are placed
| n contact only Wi th .86 kPO lBASHShed 18 iRE USRABORL! bRBBADSIRC of Rabar
each of said brush nonofilanments has an unsle portion and a split
portion. 21. circulthshapet hod of claim 20 wherein said end portions
are less than 0.64 cmin | ength. 22. A toot hbrush conpri sing
a plurality of bristles having feathered end portions and unfeathered stem
portions, said unfeatfgered steMhpbhrish eRsofidiieRfaldRBvhetinahidusmonofilament
octal ocul ar configuration, mhere%g each of said feathered portions is |ess
than 0.64 cmin ﬁengﬂh?tm“@%?ﬂlh“ C. The toot hbrush of claim 22
wherei n said unfeathered stem portions have a plurality of voids, wherein
said voi ds occupy between 5 and 20% of a cross-sectional area of the

bristles 24. 11 The Tho bush meshfilgment oficnin® whersis) saidsbriigh monofilament
plurality of bristles_ay . . .
D13 - brush nonct ﬁ'z,ag?rgf;] 2 gh.emmplastxc polymeric material.
10
12 The brush monofilament of claim 9 wherein said thermoplastic

polymeric material is selected from the group consisting of nylon 610, nylon 612, a
polyamide, and polybutylene terephthalate.

13, The brush monofilament of claim 9 further comprising a portion
with a plurality of internal fusion lines and at least four voids, wherein said voids

occupy between 5 and 20% of a cross-sectional area of the monofilament.

20 14, A method of manufacturing extruded brush monofilaments having
split ends, comprising:
extruding a plurality of thermoplastic streams to form a plurality of
brush monofilaments;
25 rotating a plurality of cutting blades above 1000 rpm; and
placing the plurality of cutting blades in contact with end portions of

the brush monofilaments to form split ends.

15. The method of claim 14 wherein said extruding comprises extruding
said thermoplastic polymeric streams though a spinnerette.

i6. The method of claim 14 wherein said extruding comprises extruding

said thermoplastic polymeric streams though a spinnerette having a plurality of
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25. The toothbrush of claim 22 wherein said plurality of
bristles are nade of a thernoplastic polyneric material. 26.

The toothbrush of claim25 wherein said thernoplastic polyneric material is
sel ected froMO¥4s9¢ oup consi sting of pol yhexanet hyl ene seBSEUSTHEEL

pol yhexanet hyl ene dodecanoam de, a pol yam de, and pol ybutyl ene -

t er epht hal at e. 27. The toot hbrush of claim 22 wherein each-of

sai d unfeathered stem portions have an_  puter dianmeter in a range of 0.0064
to 0.030 cm 28. The toothbrush of claim 22 wherein each of’

saidfeatherédp | LSy s 10k | having 3 : A
spi nnerette for u %h?ﬁl%ec%%xﬂjtarﬁﬁ%i%ﬂrugﬁéﬁg}gwlénenteg,hmé%f%pé‘f)rlalrl]tﬁé}rfette
cont ai ni ng a pl urpkiitgs with & pimekpation havipg £ kadivsed cusatie of thearagesfismd2et t e
capil laries havi ng,at | east six holes for receiving at |east six filanment
streans. 30. ) The spinnerette of claim29 wherein each of said
at |l east six holes have a curved portion with a radius of curvature in the
range of 5 tQ 12 nmils. 31. ] The spinperette of cl.aim 29
wherei n sai dgspi r}ﬁ]er ette céﬁ Rethpd 8%‘3151%1‘&8(5?‘?' RYIRR CPmREses repding

monof | ament s havigy, @k e flepnbbiadtic PolyMbrie GiradRCid BFm GeRAd&IE 3k b®locular
13/1 - 32. A toot’hbrush conprising a plurality of brush

monofi | ament s of brushamapefilaments. 33. A toot hbrush conpri sing
a plurality of bristles having feathered end portions and unfeathered stem
portions, said unfeathered stem portions having a hexal ocul ar or an

oct al ocul ar Igonf itgur at i on, Theheetbddobtlaime b6 whereinsdaahndpiradingyocalits abbr slaoutl a

feathered en natural frequency of said extruded brush monofilaments,

19. The method of claim 14 wherein said end portions are less than 1/4
of an inch in length.

15
20. The method of claim 14 wherein said plurality of cutting blades are
placed in contact only with the end portions of the brush monofilaments so that
each of said brush monofilaments has as unsplit portion and a split portion.

20
21. The method of claim 20 wherein sald end portions are less than 1/4

of an inch in length.

25 22, A toothbrush comprising a plurality of bristles having feathered end
portions and unfeathered stem portions, said unfeathered stem portions having a

hexalocular or an octalocular configuration.

23. The toothbrush of claim 22 wherein said unfeathered stem portions

30 have a plurality of internal fusion lines and at least four voids, wherein said voids

occupy between 5 and 20% of a cross-sectional area of the bristles.

24, The toothbrush of claim 22 wherein said plurality of bristles are
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portions are less than 0.64 cmin |ength. 34. A

t oot hbrush conprising a plurality of bristles having feathered end portions
and unfeathered stem portions, said unfeathered stem portjions having a

hexal ocul arWe@P8/488%ct al ocul ar configuration, wherein a pIﬁ?EP??@gﬁg sald
feathered erid-portions are less than 0.64 cmin |ength.

35. A toot hbrush conprising a plurality of bristles having feathered-end
portions and unfeathered stem portions;g wherein said unfeathered stem
portions haye a plurality of internal fusion lines and at |east four voids,
wherein said vo o en 5 and 20% of a cross sectional area of
the bristles, b &hgﬁggﬁmggﬁ urality of said feathered end portions are

| ess than O. 64 cn1|n Iength The toot hbrush of

cl aim 35 whereig.said pl b of Ia nts.

37. The toot %ET ush of %Q{%‘gghvﬁg ér@“nﬁ:%ﬁ%‘g& S[?i‘{&sép %P&o(f#b&s %gtq%s are
made of a thermﬁtiasfaﬁzembmmpelymhemmmi The

t oot hbrush 8f claim 37 wherein said thernoplastic polyneric rraterl al is

sel ected frdmthe group consisting of polyhexanethyl ene sebaccami de,

pol yhexanet hyl esge dodeca 18 Cea RIOAY,

t er epht hal at e. 2. nﬁﬁ%&ﬁbmﬁl 9;0& Tﬂgh?gglt hbr us%%ﬁg%g?%n% wher ei n
each of sai d unftaribissglegted fisom the group consisting of nylon 610, nylan 612, a

-13/2 - porti %Bﬁrmjﬂ?d\é, axﬁ%o%ﬁ&angtﬁ'gﬁ&%aé.n a range of 0.0064 to 0.030 cm

10
27. The toothbrush of claim 22 wherein each of said unfeathered stem
portions have an outer diameter in a range of 0.0025 to 0.012 inches.
28. The toothbrush of claim 22 wherein each of said feathered portions
15

is less than 1/4 of an inch in length.

29, A spinnerette for use in coextruding brush monofilaments, said
spinnerette containing a plurality of spinnerette capillaries, each of said spinnerette

26 capillaries having at least six holes for receiving at least six filament streams.

30. The spinnerette of claim 29 wherein each of said at least six holes

have a curved portion with a radius of curvature in the range of 5 to 12 mils.

23
31, The spinnerette of claim 29 wherein said spinnerette capillaries are

configured to extrude brush monofilaments having a hexalocular or an octalocular

configuration,.
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