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.· FI~LD OF TflE INVENTION 
·Th~·-;:;.p:res.eflt ·.invention .,relates to refastenable mechan;cal 

fastenlng'··~§~i.SU.s~ ~ore particularly to fasten;ng systems having 
free.·fo~d _:.ptong~i ·and :the process of manufactur;ng such fasten;ng 

BACKGROUND OF THE INVENTION 
'..'~efas:teriable:m~chanical fasten;ng systems are well known ;n 

the >~rt~ ~ .;J§pica.11.>'~ such ofastenfog systems ;nvolve two major 
comp~~entst-.'.;~; ... P,rol\~FWhi~h. is jo;ned to a substrate and engages 
with<a co.Pl~nt~ti. s:e¢ond component~ the receiving surface. A 

.. · .. ·.. . . . ·.···: ·,._ : . ····'. ; . . 

proj~ttion :'o'f_<~he ::prong; of. :~he fastening system penetrates the 
: .. ··:··.. · ... ·.·. ·'" .· ... · .. .. :· -

receiving. s'uf:f~CE!'. ·and either engages or ;ntercepts strands or 
fibets: of.< th~ :r~C:eivi:ng :s.urface. The result;ng mechanical 
1nt~~ferenceta~d. ~hy~;~al :obstruction prevent removal of the 

.. ·; .· .. · .... ·'. .. 

fast~riing>sysfi!.m. frolJI the r~ce;v;ng surface until the separation 
fore~~ exceed ei~h~r the peel or shear strength of the fastening 
sysi~mJ.{ · < .. <. ···: -· . ' .. 

·>,'t>resently,;; 1°,ef~~tenable: ;lnechan;cal fast~ning systems are made 
by -~~>-1east two ·ge~e~~l_::meth~ds. One method requires a plurality 
of .:·.(:; 1 amen ts, •. ~'.~~h l, o_f :. wh'i'.~h may be formed into two prongs . 

Exajp,les of fast~n;n~ ~yst~~' produced by this method are shown in 
u.s.i··:. Patent:f N~. ·2:~71,-:437~: issued September 13' 1955 to de 

"<.t ' . 
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Mesteral and O.S. Patent No. 3,943,981, issued March 16, 1976 to 
De Brabandar which teach a:>raised pile of loops. Related 
teachings are st:io,w" in u~s~· P·t~pt No. 4,216,257, issued August s, 
1980 .to 'Schams ~f ·al,., uis~ #~:~ent ;No. 4,454,183, issued June 12, 
1984 to .Wollman ·. ~nd us. Pat~nt Ho. 4,463,486, issued August 7, 

1984 to Matsuda. These ref•r~nces teach heating the ends of 
polymeric mon~filaments. Ot~~r related teachings of fastening 
systems produced·' by the first ,;method are disclosed in U.S. Patent 
No. 4,3.Q7,493., \s~ued· Decembet . .'29, 1981 to Ochiai and U.S. Patent 

No. 4,.3l0,907, issue~ Mai ::2s,: :;J982 .to Ochiai. 
The secon(J _:g:enera·1 methd4 comonly utilized to manufacture 

.· mechanical fas~eia1ng ,systems·· is to mold or extrude the systems as 
illustrated in U.S. Patent No~ 3,147,528, issued September 8, 1964 
to Erb and U.S. :'Patent·"_No. 3,594,863, issued July 27, 1971 to Erb. 
Continuous 1n4ection mbldt~g· is taught in U.S~ Patent No. 
3,594,865, issued Ju1y27, 1971.to Erb. 

Various p~~ng structur4!S ·.are illustrated in the prior art. 
For .·ex'1UPle, the referenc•$ discussed above teach fastening 
systems. having· ·stems of ge~efally constant cross section. U.S. 

Patent No. 3,.708,833, .1Ssue(l·.:January 9, 1973 to Ribich et al • 
. - ... . . :. . 

discloses a pr°-~9 wh'ich is s~Jletlhat tapered from the proximal end 
to the distal. ·e~d and p~rpendituJarly projects from the substrate. 

: .:;·· . . . . ··.:-:.:· . .-·-,:· .. · . 

. European .Patent Applic~tion No. 0,276,970, published August 
. 3, 1988, by the Procter & :Ga...,le Company in the name of Scripps 
disclo:s.es ·a fa~tening' device ·tfavil)g a constant cross section stem 
oriented at :~rr :angle betweetj;\~bou't 30• and about go• relative to 

·.. . . . : .. :;· 

the base. 
The ·fa~t~n.ing syst~ms;·::;);f the prior art are relatively 

expensi~e t~O ~roduce, · and : ¥6e processes of the prior art are 
relatively .$1~~· · Add·i~ion~J.lY,, the fastening systems of the prior 

art are irrit.;ating. and. abrasive to human skin and are, therefore, 
not well ~uh~Ci for appUcati~l\s· which cause them to be in close 
proximity to· human skin. ttier'.e is, therefore,. a need for a fast 

=~::::tr~r£~}!~1:~~~~ f.~::::9w:::-:~ 
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Some .of these needs have. been addressed ;n U.S. Patent 
Application 07/668,817. filed Mar.ch 7, 1991 in the name of Dennh 
A. Thomas, entitled •aefil~tenil.t>.le Mechanical Fastening Means and 
Process of Manufacture· :The;efor", which discloses. a method of 
manufacturing a refastena_ble ~chanical fastening system rapidly. 
and inexpensively by a method similar to gravure printing. 

However, the present ihvention discloses a faster and less 
expensive method of procfiacing a -~hanical fastening system than 
.the prior art. The anetflod· of ~he present invention also produces 
a fastening .system having an array of prongs that is more dense, 
and. therefore i~ less abrastve and less irritating, than the 
fastening systems. of the prfor art. 

BftIEF Sut@BY QfJHE INVENJION 
The present·,· i:nventton rel~tes to a method of manufacturing a 

fastening system for. 'ttachi·ng to a complementary receiving 
surface, and the fastening system produced therefrom. The 
fastening system has a substrate and at least one free formed .. ·. 

prong comprising· a base, shank and engaging means. Th.e base of 

the prong is joined to ~he substrate and the shank is contiguous 
with and proje~is o.._twarCtly· fr~ the base. The engaging means is · 
joined to the sh•nk and projects laterally beyond the periphery of 
the sh~nk. The shank is nonperpendicularly oriented relative to 
the plane of the substrJte. · lhe shank has a leading edge and a 
trailing edge d~fining· a leading angle and trailing angle · 
respectively. The le~ding angle and trailing angle are 

. .. . 

substantially 'different frq~ each other, so that the sides of the 
shank are nonpaT'allel ~ :Addit',~'"a11y, the fastening system can be 
made subs~antiaJ'ly non-J~hating and non-abrasive to human skin .. .. . . . .,. ..... ·· 

· by having the :prongs dt~po~e~ )n a dense array having about 64 to 
:· .: .; ' .. 

about 1600 prongs per s.'1llare ·c:entitneter (400 to 10,000 prongs per . . : . . ...... ;· . '; . . 

square inch) of .. substraif!: 
The fast~~'ing syste~1\ ma~' ·be made according to a process 

utilizing ·a screen 'pti~tj~g :pro~edure. The method comprises the 
steps of .heat1:rig.: a.:, .t~~fai~H§?s,rt~ttive material sufficiently to 
reduce its viS,cosity J~~Jpf.o~~ssi_ng, and preferably to at least 
its melting p~int. 'A'''.(l~poiilirig member having apertures for 
extruding ·diScfete amounts 'Qf the heated material, such as a 
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hot-melt adhesive thermoplasttc, is provided. The substrate to 

which the material is to be .joined is transported in a first 

direction relative to the depositing member. The material is 

extruded from the apertures onto the transported substrate in 

discrete amounts. The discrete amounts of material are then 

stretched in a directfon having a vector component generally 

parallel to the plane of the substrate. The stretched material is 

severed to form a distal end and engaging means. Specifically, 

the molten hot melt adhesH~~ will be extruded through the 

apertures of a prtnti~ :sc1'.'9en·onto a polyester film substrate and 

as relative displacement ~tw&en the screen and the substrate 

increases, wil 1 be stretched and then severed by a hot wire to 

form a fastening system having. prongs. 
An illustrative :and sui·t'~ble, but nonlimiting, use for the 

fastening system produced by ~be process of the present invention 

is in conjunction with a disposable absorbent article, such as a 

. diaper. This example of one· usage of the fastening system of the 

present invention is ,.111ore fully described herein. 
BRIEF.· nESCRlPTION OF THE DRAWINGS 

While the Specification concludes with claims particularly 

·pointing out and distinctly claiming the invention, it is believed 

the invention will b~ better understood from the following 

description taken in· conjunci·i~n wUh the associated drawings in 

which like elements are descrU)ed by the same reference numeral or 

letter and related elements are designated by adding one or more 
prime symbols or in.~re~e1.1tin~{the numerals by 100: 

Figure 1 is a photomicrogr~p)r :showing a perspective view of a 

fastening syst •. of the p.resent invention wherein the 

engaging means are·orient'd in substantially the same 
direction; 

Figure 2 is a side·~l~vationalview of one prong of the fastening 
. •. . ' . . 

system sh(twn foj:;gure l;;, 

Figure 3 is a ~ide:~le~•tic>~·j· vie~ of a second.embodiment having 
a genera l]y,:: ~.~.1;$p~erl~~Jly ~:haped engaging means; 

Figure 4 is a side<e,1:'e~~tiq:~~j.' schematic view of a screen printing 
appara~us used'to prod~~~· the. fastening system of the present 

invention; 
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Figure 5 is· a photomicrograph,showing a perspective view of a 

fasten·ing system of the Pr.~sent invention wherein the 

engaging means are -orierit~cf in substantially random 
-~ , 

. directions; and 

Figur~ 6 is a perspectiv~ vie~ :of a disposable absorbent garment 

utilizing the fast~ning. ·.system of the present invention, 

showing the topsheet:: ~nd".~ore partially cut-away. 

Figure 7 is a top plan v.iew o·f: one prong having an azimuthal angle 

of about go•; 
Figure 8 is a front elevation·•1 view of one apparatus (only a 

. . · .. 

portion of which is sho\fn) which can be used to produce the 
' . . . . 

fastening system of the present invention having azimuthally 

angl~d prongs; 
.. . 

Figure 9 is a top plan view of a second apparatus which can be 

used to produce the fastening system of.the present invention 

having azimuthally :angled. :prongs. 
. .. .•,,· , 

Figure 10 is a top plan ·view of one aperture having major 

axes ·and minor axes; 

Figure 11 is a top plan·view of an aperture having a major axis 

and minor axis; 

Figure 12 is a top plan view _of another aperture having a major 

ax1.s and minor axis; 

Figure 13 is a top plan.view·9f an aperture having a major axis 

and minor·axis; 

DETAILED OESCRIPT'l9N OF THE INVENTION 

The fastening systr!Ra 2~j!iqf '.the present invention comprises. at 

least one prong 22, ancl"pf.:e'.i~~~bly an array of prongs 22, joined 

to a substrate;24 in a prede~ermined pattern as shown in Figure 1. 

The prongs 22 have a. ba;~ a&·jJ;~tlank 28 and engag;ng means 30. The 
., : :;. ·.· . >:.·: .. ,._, 

bases 26 of :th~ prongs.:22.: c~ntact and adhere to the substrate 24, 

and support:.: the proxili1al 'eri~s:·. :~f the shanks 28. . The shanks 28 

project outwa~dlY f~>.the '-l~b~irate 24 and bases 26. The shanks 

28 terminate' af a d~stai.~~d·~~!~h is joined to an engaging means 

30. The engaglng ~~~~~·:.3q/~roj'~t:t laterally from the shanks 28 ;n 

one or more: d~:t~ct{C;~s J~~~.;may'[resemble a hook-shaped tine. As 

used herein, the term •1ate.ral" means having a vector component 

generally par~llel to the.:''pJane of the substrate 24 at the 
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principal prong 22 under con$]Qeration. The projection of an 
engaging means 30 from.· the s:hank 28 periphery in a lateral 
direction allows the engaging· 111eans 30 to be secured to a 
complementary receivi'ng · ~urfa~~ .<not shown). The engaging means 
30 i.s joined to, and preferabl'y: '¢ontiguous with, the distal end of 
the shank 28. 

The· array of prongs 22 is:produced by a method which yields a 
free formed prong 22 as descr1bed and claimed hereinbelow. As 
used herein, the term •free fof'llie,d" means a structure which is not 
removed from a mold cavity. o~ ~xtrusion die in sol id fonn or with 
a defined shape. The·p~ongs :22 are deposited onto a substrate 24 
which will be discussed in ::de.tail hereinbelow, in a molten, 
preferably liquid state and soii~Hfy, by cooling until rigid and 
preferably freezing, into the desired structure and shape as 
described hereinafter. 

The free formed array of prongs 22 is preferably produced by 
a manufacturing process which ·is similar to that process commonly 

' ' ' 

known as rotary scree~ :pri·ntiJ19~ lhh process uses a depositing 
member in the form of a gener~py cyH ndri ca 1 screen, referred to 
as the print cylinder 73. Using this process, a substrate 24 

. ' 

having opposed ·faces ;s passe.~ ·•between the nip 70 of the print 
cylinder 73 and· a backing :~o:J:f 14, as fllustrated at Figure 4. 
The print cylinder 73 and bactd~g roll 74 have generally parallel 

:·.·. 

centerlines and are mainta·ined. in contacting rel~tionship with the 
substrate· 24 as it passes through the ·nip 70. The depositing 
member, presently referred :t;~:ras the print cylinder 73, has an 

. ··~ '· .. 

array of perforations, referr~~:; to as apertures 56, corresponding 
to the desired patt,rn of }pfe)ngs 22 to be deposited on the . ~ • .. •. ·. . -: .. 

substrate 24. The second roJ!f~ referred to as the backing roll 
74, provides 'tihe rea.ction: ·i~ga1nst the print cylinder 73 to 
pos.ition the substrate :24 :agaihst the print cylinder 73 as the 
substrate 24 passes'. . thr~~glj·:;·)'.~he nip 70. Liquid, thermally 
sensitive materi·a1, p.r,efera't>iy!?thermoplastic material, from which 
the prongs 22 'Jr• to'·b~:if!~rll\;cf'is :s~pplied from a heated source, 
such as a heated. ;~Y.~s~h!~~;it)>~r 81. The thermally sensitive 
material is farced into th~ ':-~d~rtures 56 by a doctor b 1 ade 83 as 

- ... , ~ ? 

the print cylinder 73 is ··-t~tated about its centerline. The 

... :·' 
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thermally sensitive material is then extruded from the apertures 

56 onto the substrate 24 in the desired pattern. 
As ·relative displacementiJ between the substrate 24 and print 

cylinder 73 increases, the. pf~ngs 22 are ·stretched in a direction 

having a lateral vector comp#qent, generally parallel to the plane 

of the substrate 24, forming/the shank 28 and the engaging means. 

30. Finally, the moil of -t'he prong 22 is severed from the 

engaging means 30 by a severlng means 78. Due to the viscoelastic 

properties of the thennopla$tic, the prong 22 retracts. It is 

also believed that the prong'-22 retracts under the influences of 

gravity and shrinkage which :(:)ccur during cooling. The prong 22 

then cools, and preferably freezes, into a sol id structure having 

the engaging means 30 contigu~~s with the shank 28. 

The fastening system 20 is secured to a comp 1 ementary 

receiving surface. As used ht!rein, the term •receiving surface• 

to which the engaging means ·30 of the fastening system 20 are 

secured refers to a"y plane qr surface having an exposed face with 

tightly spaced openings complementary to the engaging means 30 and 
. . ·~ 

defined by one or more stran~~ or fibers or, alternatively, which 

exposed face is capable of 1'o.calized elastic deformation so that 

the engaging means 30 may :become entrapped and not withdrawn 

without interference. Th~· openings or localized elastic 

deformations allow for ·entrY. of the engaging means 30 into the 

plane of the receiving surf~~~' while ·the strands (or nondeformed 

material) of the receiving s~~face interposed between the openings 

(or deformed areas) prevent'.withdrawal or release of the fastening 

system 20 until desired by ~·t~~ user or either the peel or shear 

strength of the fastening ~y-tem 20 is otherwise exceeded. The 

plane of the receiving surface· may be flat or curved. 

A receiving surface havi.ng strands or fibers, is said to be 

"complementary• if the openings between strands or fibers are 

sized to allow at le:as·~ one::~ngaging means 30 to penetrate into 

the plane of :the: rece;i~ing rs·~rface, and the strands are sized to 

be engaged or[. in~erc~p~~d. by :the. engaging means 30. A receiving 

surface which: is .localfy d~formable is said to be "complementary" 
·. < ' •• '; •• :-

if at least one engaging II.leans 30 is able to cause a localized 

disturbance . to the plan~· .... of the receiving surface, which 
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disturbance resists removal' or. separation of the fastening system 
20 from the receiving surface. 

Suitable rece1v1ng sutfa¢es include reticulated foams, 
knitted fabrics, woven and ·n#.~woven materials, and stitchbonded 
1 oop inateri al s, ·such· as Ve 1 cril' · &t,and loop materi a 1 s so 1 d by Velcro 
USA of Manchester, New Haps.hire. A particularly suitable 
receiving surfac:e. is. a. po,lypf~_pylene non-woven fabric having a 
basis weight of about. 11.1 ·gt•s·'·per square meter (0.5 ounces per 
square yard) made by • ..y·:> suitable commercial carding or 
spunbonding processe$. Suita~J~:non-woven fabrics can be obtained 
from Veratech Nonwov~n.Group df the International Paper Company of 
Walpole, Massachusetts 02081~:, Other receiving surfaces may also 
be used, such as . stitchboncl~d. fabric Number 970026 sold by the 
Milliken Company of Spartanb~t1J, South Carolina. 

Referring back to Figur~· ;2 to examine the components of the 
. ~ ' . 

fastening .system 20 in· mo~ :detail, the substrate 24 of. the 
fastening system 20· should tie' .strong enough to preclude tearing 
and separation· bett.~en indi~idual prongs 22 of the fastening 
system 20, be a ·surface to wtfr~h· the prongs 22 will readily adhere 
and be capable· of being joiW.ecl to an article to be secured as . ': _; ' 

desired by a user. As usecLh~rein the tenn •join• refers to the 
condition where' a first member, or component, is affixed, or 
connected to a· second ~t ;~r component, either directly; or 
indirectly, where the firsf.~er or component is affixed or 
connected to an intermediattr'i.~ber, or component which in turn is 
affixed, or ccmnec~eci, to ·.ih~' second member or component. The 

\ •• : : • .·.,::,::.:'._:,... • < 

association. be,t~een.the fir$:~;member, or component, and the second 
member, or component, is i~t-~ded. to remain for the life of the 

~ . . .. ; ·.' ... 

article. The, ~substrate" is/any: exposed surface to which one or 
-~·::.; -::.... . 

more prongs 22 are Joined.·.·' <. 
The subs,irate: 24 :shQul~\··l~b be capable of being rolled, to 

support conve~ti~n~l manufa¢tu~t.ri9. processes, flexible so that the 
. . ·. . . . ~ ·. . . ' : . 

substrate 24 ln~:bebent or:flexed: in a desired configuration, and 
able to with~'t~nd the heat :·~f:t6e liquid prongs· 22 being deposited 
thereon with~~t': ~~~ithg ; cif '.j·n~urring -deleterious effects until 
such prongs ·:i2: f~eeze~; ~,~~~~er, the backing roll 74· may ·be 
chilled, al lowing the proce¥~!":·'to acco11111odate substrates 24 which 

: .. : ,. :· 
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otherwise would not be able to withstand the heat of the liquid 

prongs 22. The substrate 24 should also be available in a variety 

of widths. Suitable s~bstrate$ 24 include knitted fabric, woven 

materials, nonwoven materials;::_ rubber, vinyl, films, particularly 

polyolefinic films and pf;1!ferably polyester films. A polyester 

film substrate 24 having· a basis weight of 17 .1 grams per square 

meter (14.26 grams per sq-.are yard) and a thickness of about 0.008 

to about O .15 mi 11 imeter·s ·· (O .. 0003 to 0. 006 inches) has been found 

suitable: Such materialS are connercially available from Hoechst 

Celanese of Greer, South tiroJina, 29651 and sold under the trade 

name Hostaphan 2400 pplyester film. 

The base 26 is t~e generally planar portion of the prong 22 

which is attached to the substrate 24 and is contiguous with the 

proximal end of. the shank 28 of the pro~. As used herein, th~ 

tenn "base" refers to tnat portion of the prong 22 which is in 

direct ~ontact with the .substrate 24 and supports the shank 28 of 

the prong 22. It is not necessary that a demarcatio~ be apparent 

between the base 26 and the shank 28. It is only important that· 

the shank 28 not sep~rate · from the base 26 and that the base 26 

not separate from th~· sub~trate 24 during use. The base 26 cross 

section should provide suffiCient structural integrity, and hence 
-· . 

area, for the _desired peel an:d shear strengths of the fastening 

system 20, bas~d on the dens tty of the pattern of prongs 22 and 

the geometry of the shank 28 . and engaging means 30 and further 

provide adequate adhesion to the substrate 24. If a longer shank 

28 is utilized, the base 26· s.~ould generally be of greater cross 

sectional area to provide sufficient adhesion to the substrate 24 

and adequat~ s~~uctural i.ntegrity. 

The shape 0 of the footprint of the.base 26 on the substrate 24 
~ . . . ; . 

generally correspond.s t·o the shape ~f the aperture's sectional . 

area at the surface of the print cylinder 73. As used herein, the 

tenn "footprin~· ref~rs .. to th~ planar contact area of the base 26 

on the substr.te 24·~ A~. thJ ·aspect ratio of the sides of the 

footprint inc~e~s~s;. ~h~:· p~ng 22 may bec~e unstable· when 

subjected to. fo~¢es, (::su~~·J~(gravitational forces, parallel to the 

shorter dimen~i;dn ~f\ th~: f~otprint. To produce a prong 22 which 

is oriented ·stibsta:ntially in the machine direction of the 
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substrate 24, an aspect. ra:tio of less than about 1.5:1 is 
preferred, and a generally <;ircular footprint is more preferred. 
However, to produce azimuthally angled .Prongs 22, i.e. prongs 

.. -~. ;;-; 

oriented in a directiion ot:her than the machine direction, an 
. . .-·:;··.'· 

aspect rat i 0 . greater thaJ) .• 0about 1. 5: l is pref erred' and a 
generally elliptical or t:ri~~gular footprint having an aspect 
ratio greater than ·abo~t 1.s£l is even more preferred. Methods of 
producing azimuthally anglea{prongs ~ill be discussed in greater 
detail hereinbelow. 

For the embodi111.ent CIE!~¢ribed herein, a base 26 having a 
footprint of genE!ra:lly ci~~~lar shape and approximately 0.10 
millimeters to 0.30 mfllitil.~ters (0.004 to 0.012 inches) in' 
diameter is suitable. lf i:t is desired to make the fastening 
system 20 have a· greater pe~l or shear strength in a particular 
direction, the cross sectiona.J area of the base 26 may be modified 
to amplify such direction, ·$0 that the strength and structural 
integrity relative to the, axis parallel to such direction 
increases. This naodificatl~~,· causes the prongs 22 to be stronger 
when pulled in the amplified·;;~irection of the base 26. 

The shank 28 is contig~ous with the base 26 and projects 
r:..-

. outwardly from the base 26 ~~d _substrat~ 24. As used herein, the· 
term "shank" refers to th~t: portion of the prong 22 which is 
intermediate of ·and contiguri4s with the base 26 and the engaging 
means 30. The shank 28 .provides longitudinal spacing of the 
engaging means 30 from the :i~bstrate 24. As used herein, the term 
"longitudinal" .means. in a di:f:ection having a vector component away 
from the substrate 24, which::'.~irection increases the perpendicular 
distance to the plane of ;th; substrate 24 at the base 26 of the 
prong 22, unless otherwi~e):;~pecified to be a direction having a 
vector C.omponen~ tO""~rds S~~6 p 1 ane of the substrate 24. 

Associ atect.;wit~; the sba~J<. 28 and base 26 of each prong 22 is 
,. ... ;. · .. ··,- . 

an origin 36. J'1e ~;origi~~ ·/of the shank 28 is the point which may 
be thought of as the ceri.t~t of the base 26, and is typically 
within the footp~irat· of ih~·; .base 26. The origin 36 is found by 

, ..... ·' .. ·;· 

viewing the prong i2', fr0~ .the side view. The "sid~ view" is any 
direction radiah:y !.foward~i>the shank 28 and base 26 which is also 
parallel to the plane of th~substrate 24 • 

... ~·: . ~ . 

..·:· <: .. ·.'.· ··' ;. 
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The lateral dhtance be~~een the remote edges of the base 26 

footprint for the particuhr ··.side view under consideration is 
found, and this distance is bfsected, yielding the midpoint of the 
base 26 for such view. When;. bisecting the footprint of the base 
26 for the particular s·id,e view under consideration, minor 
discontinuities (such as fi,llets or asperities incident to the 
attachment to substrate 24) a" ignored. This point is the origin 
36 of the shank 28. 

Tho\lgh it is not neces,·s~ry that a demarcation be apparent 
between the base 26 and the. ~hank 28, it is also not necessary 
that the edges or s.ides of <the shank 28 be contiguous with the 
outer edges of the ~ase 26 •· The shank 28 may project from the 
base 26 at a point somewhat inwardly away from the outer edges of 
the base 26 such that the bas.e 26 ~ill have an annular perimeter 
25 as can be seen in Figure 1. An annular perimeter 25 is a 
relatively thin layer of prong material attached to the substrate 
24 which forms a ring arounci ,the shank 28 at the point where the 

. ., .... :,. 

shank 28 is attached to the ··.base 26. The annular perimeter 25 is 

not considered to be a fille~ or asperity, but is considered to be 
part of the base 26 of the prong 22. 

The shank 28 makes an ~~gle er with the plane of the substrate 
24. As used herein, the term •plane of the substrate" refers to 
the flat, planar surface of"t.~e substrate 24 at the base 26 of the 
principal prong 22 under coJj$ideration. The angle er is determined 
as follows. The prong 22 fs viewed in profile. The •profile 
view" of the prong 22 is · ~'!~ of two particular side~ views and 
found as follows. The P~9~i 22 is visually inspected from the 
side views such that the .;direction having the maximum lateral 
projection 38 becomes appaft!nt. The •1ateral projection" is the 
distance taken· laterany<~~d parallel to the plane of the 
substrate 24 from the cente~/6f the base 26 in such view, i.e. the 
origin 36 of the .shank ?~:~?:to the projection of. the furthest 
laterally r~mote pqint on :~he prong 22 visible in such view when 
such point is lon,gituCiJri·~~l)' and perpendicularly projected 
downward to' the .• pl an,~: of ~~tt substrate 24. 

It will be apparent·:,~d one skilled in the art that the 

maximum lateral projection ;3~ is that projection from the· origin 
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36 to the ·outer peri.phery of : the shank 28 or engaging means 30. 
The side view of the pro.ng 22 which maximizes the lateral 
projection 38 is the profile view of such prong 22. It will also 
be apparent to one skilled i1tthe art that if the fastening system 
20 is produced by the process' described an~ cl aimed below, and ff 

the maximum lateral ·projection 38 is generally oriented in the 
machine direction, then thf profile view will be generally 
oriented in the cross-machine:direction. It will also be apparent 
that if· the maximu~ la~eral i>!'_ojection·38 is generally oriented in 
the cross-machine direction:· then the profile view will be 
generally oriented in the mach.1ne direction. The side elevational 
view shown in Figure 2 is Qn~ of the profile views of the prong 
22. It will be further appa.rent to one skilled in the art that 

. there is another profile view, generally 1so• opposite from the 
profile view shown (so that the maximum lateral projection 38 is 
oriented towards the left ·of the. viewer). Either of the two 
profile views is generally equally well suited for the .Procedures 

: '::· 

and usages described hereinb•low. 
·.' 

The origin 36 of the sb~n,)( 28 is found, as described above, 
with the prong 22 in the pr~file view. While still maintaining 
the prong 22 in the profile view, an imaginary cutting plane 
40-40, generally parallel to: the plane of the substrate 24, is 
then brought into tangency toii th the periphery of the prong 22 at 
the point or segment of :~he prong 22 having the greatest 
perpendicular distance from '.th~ plane of the substrate 24. This 
corresponds to the portion ;,o·f the prong· 22 having the highest 
elevation. The imaginary c~tt,ng plane 40-40 is then brought 
one-fourth of such ·greatesf p~rpendicular distance closer to the 
substrate 24 fro~ the point:· .,of highest elevation, so that the 
imaginary cutting . plane 4Qf~b intercepts the prong 22 at a 
longitudinal elevation three8fourths of the perpendicular distance 
from the p 1 ane of the subst~~t~" :24. 

The imaginary tutting plane 40-40 is ther:i used to determine 
three points on th~:iprong 22.~:··iJne first point is that point where 
the cutting plane ~tatercep~s.:t~e· .leading ~dge 42 of the prong 22 
and is referred to. as the:'.'7~ leading point 44. The •1eading 
edge" is the apex of th~.· periphery of the shank 28 which 

:· .. ~ . . 
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loogitudinally faces away from the plane of the substrate 24. The 
second point is disposed ahcnrt 1so• through the center of the 
prong 22 and is the point where the cutting plane 40-40 intercepts 
the.tra:iling edge 46 of the prong·22 and is referred to as the 75% 
trailing point 48. The · •trailing edge• is the apex of the 
periphery of the shank 28 whi~h longitudinally faces towards the 
substrate 24 and is generally· oppositely disposed from the leading 
edge 42. The straight line cp~necting these two points falls, of 

. course, within the cutting plane 40-40 and is bisected to yield 
the midpoint 47 of the imagtnary cutting plane 40-40. A straight 
line is then drawn connecting the midpoint 47 of the imaginary 
cutting plane 40-40 with the origin 36 of the shank 28 at the base 
26. The included an~le a this line defines relative to· the plane 
of the substrate 24 is the angle a of the shank 28. 

Alternatively stated, t~e ang1e a which the shan~ 28 makes 
relative to the plane of the substrate 24 is the go• complement of 
that angle furthest from the perpendicular defined by the line, 
found in any side view, con11ecting the cutting plane midpoint 47 
and the origin 36. Hence, ·the smallest angle relative to the 
plane of the substrate 24 when this line is viewed in any 
direction radially towards the shank 28, and ·particularly ·the 
origin 36, which direction is generally parallel to the plane of 
the.substrate 24 and orthogonal to the perpendicular is the angle 
a of the shank 28. It is to be recognized that when a prong 22 
having a maximum lateral· pre>Jection 38 oriented in the machine 
direction is viewed. approxi~ately ·;n the machine direction, or 
approximately 1so• therefrd~/;or when a prong 22 having a maximum 
lateral projection 38 oriellt~d in the cross-machine direction is 
viewed approximately. in the'. cross-machine direction, the apparent 
angle a of the shank 28 w1il\be about go•. However, as discussed 
above, the angle ct to be -~it.sured is that which deviates furthest . '·· ..... 

from the perpendicular' an~;~>therefore, ;.s generally that angle ct 

detennined when the pr~ng ·'2t1s viewed in profile, typically from 
about the cross~machine dl~ction for a prong 22 oriented in the 
machine direction,·.· and :f~~· ·about the machine direction for a 
prong 22 oriented in the c~~~s-machine direction . 

• 



• ... 

W093/0021S 

:·:·-·---·----·-··----·- ------------·--------

·•• ii1iiiiOr 
~ . : 

P~/lJS92/04770 

- 14 -

The angle a of the shank ,28 may be generally perpendicular to 
the plane of the substrate 24, or is preferably oriented in an 

acute angular relation re~ati:~e thereto to provide increased peel 
str~ngth in a particular ·dife~tion, which direction is generally 
parallel to the maximum 1on9,Jludinal projection 38. However, the 

. . 

angle a of the shank 28 s~o~ld not deviate excessively from the 
perpendic~lar, otherwise · a' fastening system 20 of more 
directionally specific shear strength results. For the embodiment 
described herein, a shank 28:.having an angle a between about 45• 
and about so•, preferably ab.~~t &s•, works well. If the angle of 
the shank 28 ·1s less than abol:Jt so•, the shank 28 is considered to 
be nonperpendicularly or•1e11ted relative to the plane of the 
substrate 24 (without regard to lateral orientation). 

The imaginary cutting plane 40-40 a"d profile view can also 
be utilized to determine the a"ngles of the leading edge 42 and the 
trailing edge 46 relative to the plane of the substrate 24. To 
determine these angles, the 7:5% leading point 44 and 75% trailing 
point 48 are found as describ8d above. The base leading point SO 
1 s found as fo 11 ows. The line through the base 26 as viewed in 
profile is brought to inters~ct the leading edge 42 of the shank 
28. . This intersection is· the •base leading point." As noted 
above, minor discontinuities in the shank 28 near the base 26, 

·: ·. 

incident to attachment to :the substrate 24, are not considered 
when determining the base.leading point so. The 75% leading point 
44 is connected by a strai'glit 1 ine to the base leading point 50. 
This straight 1 ine forms :·~n; -included angle JJL relative to the 
plane of the substrate 24:\and opening in the direction of the 

origin 36 and center of the i~hank 28. The angle Ill is referred to 
as the angle of the leadin~ edge ·42 or simply the leading edge 
angle. 

The base trailing pQMt; :52 is generally disposed 1so• from 

the base leading point sol.>~,htough the center of the base 26, and 
found as fol 1 ows. : The: 1!1*~~ 't~rough the footprint of the base 26 . . . . ., ····.·: . 
as viewed 'in· profile iS:;:~f:'C>l19~t to intersect the trailing edge 46 
of the shank 28. This int~rsection is the "base trailing point." 
As noted above, m1nor dis~Qntinuities in the shank 28 near the 
base 26, incident to attachment to the substrate 24, are not 
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considered when determining the base trailing point 52. As 
described above, the 75% trdl ing point 48 is connected with the 
base ·trailing point 52 by a, ~traight line. This stra;ght line 
forms an included angle /Jr relative to the plane of the substrate 
24 and opening in the directi9n-of the origin 36 ~nd center of the 
shank 28.. The included angle .BT is referred to as the angle of 
the trailing edge 46 or stmpl~ the trailing edge angle. 

The leading edge 42 and ;.trailing edge 46 included angles /JL 
and /JT define the parallelis~ of the sides of the shank 28. If 
the angles /JL and /JT of the leading and trail tng edges 42 and 46 

. . 

are not supplementary to ~ach other (do·not add to an arithmetic 
sum of about 1ao•) the side,s . of the shank 28 are said to be 
nonparallel. If the sides· df the shank 28 are nonparallel, the 
straight 1 ines which defin' ~he angles /JL and /JT (connecting the 
base leading and trailing pol~ts SO and 52 ·with the 75% leading 
and trailing points 44 and: 48 respectively) .intersect, either 
above or below the plane of· the· substrate 24. If the angles ·/JL 
·and /JT of the leadt·ng and tr~iling edges 42 and 46 are unequal and 
the lines defining such angles intersect above the plane of the 
substrate 24 (longi'tudinally/9utwardly of the base 26), the prong 
22 wil 1 converge front the :~~se 26 towards the di sta 1 end and 
engaging means 30. Only i.f ..-the angles ~L.:_and h of the leading 
and trailing edges 42 and:: 46 have the · same sense i.e., ·are 
oriented in the same directio,i, and supplementary ma~nitudes are 
the angles '9L and h of the 1•ading and trailing edges 42 and 46 
determined to be equal and ·:the sides of the shank 28 to be 
parallel. · ; 

A shank 28 having a .leading edge 42 which forms a leading 
edge angle /JL with the $Ubsttjb: . .f about 45• ± 30• i_s suitable. 
A trailing edge 46 .which: fo~~ i ·.:railing edge angle /JT w;th the 
sul>strate of about 55•· ± ·30\.i-s s .:able. A shank 28 having these 
ang 1 es PL ·and , PT of. the . ', ~d~~~ a::'':·. +.ran i ng edges 42 and 46 works 
well with the; aforeinent):~,.;>i:f;:$pect1· ,/of incl~ded angles a of the 
shank 2s to ·y; el~ . ~:;: ~•Jj,e~ed ... ·sh~nk; :2s, advantageous 1 y oriented 

relative to 'the 'S'ub~tr~t.1(::24 io provide high shear and peel 
strengths without requiring',~xcessiVe prong material. 

~. . :'. 

'I . . . 
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The foregoing measurements. are easily made using a Model 
100-00 115 goniometer sold- by Rame' -Hart, Inc. of Mountain Lakes, 
New Jersey. If more precise measurement is desired, ;t w.ill be 

recognized by one .skilli!d in the art that detennination of the 
-. ' - . 

profile view, origi·ll )6, cu·tting plane 40-40, leading angle ~L, 

trailing angle fJT, ·ba~~ points so and 52, 75% points 44 and 48, 
. . ·. . ,"'. . 

and the angle a·of the ·shank 28 can be advantageously perfonned by 
making a photograph of the prong 22. A model 1700 scanning · 

. . .,_ . 

electron micro~eope sold · by Amray, Inc. of New Bedford, 
Massachusetts h•s bee~ found to work well for this purpose. If 

. . ~; ' . . 

necessary, several · phot~$Jraphs may be taken to detenni ne the 
maximum lateral projection 38 and hence, either profile view. 

The shank 28 should longitudinally project from the base 26 a 
distance sufficient to space the engaging means 30 from the 
substrate 24 at an·elevat:iJ>n which allows the engaging means 30 to 
readily intercept or engage the strands of the receiving surface. 
A. relatively longer $.hank 28 provides the advantage that it can 
penetrate deeper into the r.ec~iving surface and thereby allow the 

. . 

engaging means. 30 to intercept or engage a greater number of 
strands or fibers. Conversely, a relatively shorter shank 28 
length provides the •dva11t~ge that a relatively stronger prong 22 

. · .. 

resuJts, but also provides' correspondi.ngly less penetration into 
the receiving surface a~d may therefore be unsuitable for 
receiving surfaces such as wool or loosely stitched bonded 
materials which have less.densely packed strands or fibers. 

As descri~ed above, the longitudinal length of the shank 28 
. . ' 

determines the·:_1ongitudi:11al. spacing of the engaging means 30 from 
the substrate 24 •. · The "longitudinal spacing" is the least 
perpen~icular ~ista~ce from the plane of the substrate 24 to the 
periphery of t:he en9.~9ing ·means 30. For an engaging means 30 of 
constant geolftetry, the iong'itudinal spacing of the engaging means . , . . . . . -.~ . 

30 from the\, s.ubstrat•, : 2·4 becomes greater with increasing 
lorigitudinaf:~ha~l(2$::'le.ng~h. A longitudinal spacing of at least 
about twice th~ ~tr~cli~f,J~iber dhmeter of the intended receiving 
surface, ani ~~~f,~fa~~&:i!~~9ut 10 times as great as such fiber or 
strand diam~t~i pri;~id~:~:: good interception or engagement and 

retention of such strands or fibers by the en9agi-ng means 30 of 
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the fastening system 20. Fof the embodhaent described herein, a 
prong 20 ·having a longitudi"f>,;~, spacing of about 0.10 millimeters 
to about 0.20 millimeters (O~Q04 to 0.008 inches) works well. 

The shape of the cro~~'. s.,cU on of the shank 28 is not 
critical.. Thus the sha.nk 2a: ~ay be of any cross section desired·, 

. . 

according to the aforementio~.ed, parameters relating to the cross 
section o~ the base 26. The: '•cross section• is the planar area of 
any part of the prong 22 t~k~-' perpendicular to the shank 28 or 
the engaging means 30. As no!e~.above, the shank 28 is preferably 
tapered ~o decrease in cr,oss section as the dhtal end of the 
shank 28 .•nd engaging means :30.of the prong 22 are longitudinally 
and laterally approximated~ This arrangement provides a 
corresponding decrease in the 1noment of inertia of the shank 28 
and engaging means · 30 resul~ing in a prong 22 of more nearly 
constant ·stress when sep~ration forces are applied to the 
fastening system 20, and ·thereby diminishes the quantity of 
superfluous materials incorpotated into the prong 22. 

To maintain the desired :geometry over a wide range of prong 
. ,. . .. 

22 sizes, a generally unifo~ ratio of cross sectional areas can 
be utilized to scale the pr:a,ngs 22. One ratio which generally 
controls the overall taper of the prong 22 is the ratio of the 
area of t.he cross section of··the base 26 to the area of the cross 
section of the prong 22, at:~he highest elevation of the prong 22. 
The phrase "highest elevatio.n• refers to the that point or segment 
of the shank 28 or the e~~aging means 30 having the greatest 
perpendicular .distance fro.In the plane "of the substrate 24. 
Typically·, prongs 2.2 havin:~f .a base 26 cross sectional area to 

. . ~ 

highest elevation ~ross sectio~al area ratio in the range of about 
2: l to .about 9: 1 work well.,.,: · 

A generally circular ·~6ank 28 which tapers from a base 26 
. • .. .. ··.·,:< 

diametert as discussed above~rranging from about 0.10 millimeters 
to abo~t.: 0.30 millimeters ,. f~'.i)o4 to about 0.012 inches) . to a 
highest elevation ~~..:meter.!/·i~fi about 0.07 mi.lHmeters to about 
0.25 m1T1.imeters (O.OP3: to 'o'foio inches) has been found suitable 

' . •· . ~. ~: . . 

for the .embodiment: discussed' ;h~r'ein. Specifically, a generally 
circular shaped c~oss secH~~··, of. about 0.20 millimeters (0.008 
inches) · diameter at the ·highest elevation provid~s a cross 

.· . :.'·: '. 
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sectional area at highest elevation of · about 0.040 square 
millimeters (0.000064 square in~~es). A generally circular shaped 
base 26 cross section of abouf.>0-.30 millimeters (0.012 inches) 

.:..-·· 

provides a base 26 cross _sect~onal area of about 0.09 square 
mfll imeters (0.00014 square inch,s). TMs structure results in a 
ratio of base 26 cross sect.tonal area to highest elevation cross 
sectional area of about 2.25:1, Which is within the aforementioned 

range. 
. The engaging means 30 is joined to the shank 28, and 

preferably is contiguous with th~:-distal end of the shank 28. The 
engaging· means 3o projects radi'.a11y away and outwardly from the 

.. ;:·· 

periphery of shank 28, and may further have a vector component 
which longitudinally projects, i.e. towards or away from the 
substrate 24. As used herein tbe term •engaging means• refers to 
any protrus ton 1atera1 to the . periphery of shank 28 (other than 
minor asperities in th~ periphery of the shank 28), which 
protrusion resists separation or removal from a receiving surface. . . ·.· . 

The term •periphery• means the .0&1ter surface of the prong 22. The 
. . 

term •radially" means from or t9wards the perpendicular to the 
. substrate 24, which perpenditul.ar passes through the origin 36 
which is generally centered wi~ljfo the footprint of the base 26. 

Particularly, the lateral. protrusion has a vector component 
parallel to and facing towardslhe plane of the substrate 24. It 

. i .• 

is to be recognized that the e~~aging means 30 and shank 28 may 
have both lateral and longitudinal vector components. It is not 
important that a sharply defineij:. termin~s of the shank 28 distal 
end be apparent, or that a deaaarcation between the shank 28 and 
engaging means 30 be discerni~le at all. It is only necessary 
that a longitudi-nally orientef;f~ce of the shank 28 periphery be 
interrupted so that the engagi,~g )neans 30 has a face with a vector 
component parallel to and faci~~>.t~e plane of the substrate 24. 

The engag1ng mean$ 30 mal',:·•:have a greater lateral projection 
38 than the shank 28, or viceivC!rsa, as desired. As fllustrated . . .: . '. -~ ·: . . 

. in the figures, the E!ngaging: lleans 30 is preferably ge~erally 
arcuate and may have a: ·reentran~<:curve. If the engaging means 30 
has a reentrant curve, the eiag~ging means 30 includes a segment 
which longitudinally approxim~~·t ·the substrate 24 at the base 26 

: ~·.: 

. ·.• . :~· ) 
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or a location laterally spaced from the base 26. This segment is 
laterally directed towards the shank 28, altho~gh the segment need 
not be radially directed towards the origin 36. 

The engaging means 30 of each prong 22 of the fastening 
system 20 may laterally :extend substantially in the same 
direction, if a relatively u~idirectionally oriented peel strength 
is desired, or may be randomly oriented to provide substantially 
isotropic peel strengths tn :any lateral direction. The engaging 
means 30 may be ho~k-shaped tines which project substantially from 
one side of the shank 28, defining.a generally convex outline, and 
penetrate the opening of t~e receiv~ng surface to intercept the 
strands or fibers of the receiving surface at the inner radius of 
curvature 54 of the engaging means 30. The interference between 
the engaging means 30 and strands or fibers of the receiving 
surface prevents release of the fastening system 20 from the 

.receiving surface until the peel strength or shear strength of the 
fastening system 20_ is -exceeded. The engaging means 30 should not 
radially project too -far in the lateral direction, otherwise the 
engaging means 30 may not penetrate the opening of the receiving 
surface. The cross section of the engaging means lO should be 
sized to penetrate the openings of the nceiving surface. 

The cross sectional area and geometry of the engaging means 
30 are not critical, so . =long as the engaging means 30 has 
structural integrity which provides sufficient shear and bending 
strengths 'to acconinodate the desired peel and shear strengths of a 
fastening system 20 havin~ an array of prongs 22 of a given 
density. For the enibodiment 9escribed herein, a hook-shaped tine 

. . ' ,. 

engaging means 30 having a 'maXimum lateral projection 38 from the 
center of the bas~ 26 to ·th• remote 1atera1 periphery of about 
0.18 millimeters to about 0~:3~ millimeters (0.007 to 0.013· inches) 
is suitable. 

The array of prongs. t~: !Jlay be of any pattern and density as 
. desfred, to ach~i.e~e the pe~l 'and shear strengt~s required for the 
particular appt1C.~1;iol) ·Of -~h' fastening system 20. General~y as 

~ : ;". . . . . . . . . . 

the array density i ·~'n:cteases~ peel strength .and shear strength 
proportionately: inc~e~se' ·in ' a 1 inear fashion. The individual 
prongs 22 should not be so closely spaced as to interfere with and 
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prevent the engag;ng means 30 of the adjacent prongs ZZ from 
intercepting strands or fibers: of the receiving surface. If the 
prongs 22 are too closely spa~ed, compacting or matting of the 
receiving surface strands or· fibers may occur, occluding the 
openings between the strands or fibers. Conversely, the prongs 22 
should not be so distantly spa:¢ed as to require an excessive area 
of substrate 24 to provide a f•$tening system 20 of adequate shear 
and peel strengths. 

It is advantageous to di~pose the prongs 22 in rows, so that 
each prong 22 is gene.rally equally spaced from the adjacent prong 
22. The rows are generally or:iented in. the machine direction and 
cross-machine direction according to the manufacturing process 
described and claimed below. Generally, each machine direction 
and cross-machine direction row of prongs 22 should be equally 
spaced from the adjacent 111achine direction and cross-machine 
direction rows of prongs 22, t~ provide a generally uniform stress 
field throughout the fastening.system 20 and the receiving surface 
when separation forces are applied to the fastening system 20 and 

· the receiving surface. 

111UiiUT 

As used herein the term •pitch" refers to the distance, 
measured either in the machine direction or cross-machine 
direction, between the centel'.'s of the foo.tpr1nts of the bases 26 
of prongs 22 in adjacent r~~~- Typically a fastening system 20 
having an array of prongs 22"with a pitch ranging from about l .O 
millimeters to about 2.0 millimeters (0.039 to 0.078 inches) in 
both dir~ct;ons is suitable, .\(ith a pitch of about 1.3 millimeters 
(0.051 inches) being preferr~~- Adjacent cross-machine direction 
rows are preferably offset .• pproximately one-half pitch in the 
cross-machine direction to 'ijouble the distance in the machine 
direction between ·the. adjace~~ cross-machine direction rows. 

The prongs 22 may be t~~~ght of as disposed in a matrix on a 
one square centimeter grid h•ving an array of prongs 22 with about 

; ; ': ~ ; . 

2 to abo~t 20 rows :of prongs,:.22 per centimeter (5 to 50 rows per 
inch) in both the niacht~·e ~nd: cross-machine di~ections. · However, 
when a fastening' syst•m :2~i h~ving prongs 22 is used as the 

' . . . ;. .;·,·· 

fastening means for a aispo~'~ble diaper· or incontinence brief as 
described more fully below :or is used on a sanitary napk1n as a 



W093/00215 PCT/US92/04770 

-21-

means for securing ihe sanitary napkin to the panty of the weare·r, 
it is desirable to have .a fastening system that is "skin 
friendly•. As used herein the term •s·kin friendly" refers to a 
fastening system which is substantially non-irritating and 
non-abrasive to human skin. It has been found that a fastening 
system having an array of prongs 22 with abnut 8 to about 40 ro~s 

of prongs per centimeter (20 to 100 rows per inch) in each 
direction will produce a fastening system 20 which ;s 
substantially non-irritating and non-abrasive to human skin. This 
grid will result in a fastening system having about 64 _to about 
1600 prongs per square cent-imeter (400 to 10,000 prongs per square 
inch) of substrate 24. 

The method of the present invention can produce a fastening 
system having a denser array of prongs than can be produced by the 
methods of· the prior art. This is because the density of the 
array of prongs of the present invention is 1 imited only by the 
number of meshes or apert.ures that can be produced in the 
depositing member. Currently, it is possible to produce a 
depositing member having up to about 1600 meshes per square 
cen~imeter (10,000 meshes per square inch). Therefore, it is 
believed that a fastening system having up to about ~600 prongs 
per square centimeter (lo,qoo prongs per square inch) can be 
produced using the method of 'the present invention. 

Preferably, the fasteni:ng system will have from about 64 to 
1600 prongs per square centimeter (400 to 10,000 prongs per square 
inch) of substrate. More p~ferably, the fastening system 20 will 
have from about 10 to _about ,30 rows of prongs per centimeter (25 
to 75 rows per inch). Th-is gr.id will result in a fastening system 
having from about 1()0 to about 900 prongs per square centimeter 
(625 to 5625 prongs per-' square inch) · of substrate. Most 
preferably' the fasi~n·ing sy~tem 20 wil 1 have from . about 12 to 
about 24 rows of Prongs per'_: ~entimeter (30 to 60 rows per inch). 
This grid will result ·;n. a fastening system ha~ing from about 144 
to about 576 prongs ·p~r ~qu~re centimeter (900 to 3600 prongs per 
square inch) of sllbstfate> In a preferred embodiment the 

: : .; :} ·' 

fastening system will have from .about 16 rows of prongs per 

_ ... -··- --····---------- ·------------·-· ___ --, centimeter ( 40 rows· per inch) in each direction. This grid wi 11 

ilimi1tr 
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result in a fastening system having from about 256 prongs per 
square centimeter (1600 prongs per square inch) of substrate. 
However, it is believed that a fastening system having 24 rows of 
prongs per centimeter (60 rows per inch) in each direction will 
produce a very skin friendly fa~tening system and may be even more 
preferred. This grid will res~lt in a fastening system having 
about 576 prongs per square centimeter (3600 prongs per square 
inch) of substrate. 

The prongs 22 may be made' of any thermally sensitive material 
which is stable and shape retajning when solid; but not so brittle 
that failure occurs when the. fastening system 20 is subjected to 
separation forces. As used herein, •thennally sensitive• means a 
material which gradually changes from the sol id state to the 
liquid state upon the application of heat. F.ailure is considered 
to have occurred when the prong '22 has fractured or can no longer 
sustain a reaction in the p,._sence of and when subjected to 
separation forces. Preferabl,Y the material has an elastic tensile 
modulus, measured according to' ASTM Standard D-638, of about 
24,690,000 to about 31,600,000 , kilograms per square meter (35,00 

to 45,000 pounds per square inch). 
Further, the prong material should have a mel'ting point low 

enough to provide for easy 'processing and a relatively high 
viscosity to provide a tacky a~d tough consistency at temperatures 
near the materi~l melting point, so that the shanks 28 may be 

stretched and the engaging mean~ 30 easily formed according to the 
method of manufacture recite~,;'bt!low. It is also important that 
the prongs 22 be viscoelastjc~:'~o allow for more variation in the 
parameters affecting prong ·'$1;ructure, and particularly the 
geometry of the engaging ... ~,..s , 30. Materi a 1 having a comp 1 ex 
viscosity ranging from abouf 20:to about 100 Pascal seconds at the 
temperature of application tQ•':ttae substrate 24 is suitable. 

The viscosi'ty may be m~~~~red with a Rheometrics Model 800 . . ~ . . . . . . 

Mechanical Spectromet.er usi'.ng'.the dynamic operating mode at a·Io 
Hertz sampling freqll,ency ~~ci:: lOS material st~ain. A disk and 
plate type geometry ·1s pref.rr~d, particularly with a disk having 
a radius of about 12·.5 iM,~'1~11leters and a gap of about l .O 
millimeter between the disk .and plate. .. . 

i: .. 
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The prongs 22 are prefere~tially comprised of. a thermoplastic 

material. The term "thermopJa:stic" refers to uncrosslinked 

polymers of a thermally sensi;~ive material which flows under the 

application of heai or pressuf~'i ' Hot melt adhesive thermoplastics 

are particularly well suited tp manufacture the fastening system 

20 of the present invention, ·particularly in accordance with the 

process described and claimec:i" :below. As used herejn the phrase 

"hot melt adhesive" refers tc:{ 'thermoplastic compounds, normally 
. . . . . . 

solid at room temperature, )~hich become fluid at elevated 

temperatures and which. are app~Jed in the molten state. Examples 

of hot melt adhesives niay·be fQund in the "Handbook Of Adhesives•, 

Second Edition by Irving Skeis~~ published in 1977 by Van Nostrand 

Reinhold Company, 135 West SOthStreet, New York, New York, 10020, 

which is incorporated herei:n by reference. Polyester and 
'·\' . 

polyamide hot melt adhesiv~~ are particularly suitable and 

preferred. As used herein, t·h,~: terms "polyester" and "polyamide" 

mean chains having repeating e~~~r and amide units respectively. 

If a polyester hot •lt _,~dhesive is $elected, an adhesive 

having a complex viscosity of ;about 23 ± 2 Pascal seconds at about 

194•c has been found to wot-"~ well.. If a polyamide hot melt 

adhesive is selected, an adh~sjve having a complex viscosity of 

about 90 ± 10 Pa$cal seconds ~t<about 204•c has been found to work 

well. A polyester hot mel().adhesive marketed by the Bostik 

Company of Middleton, Mass·ach.~~.etts as No. 7199 has been found to 

work well. 
In a second. embodimen.t:: ·.of the fastening system 20', 

illustrated by Figure 3, the '.~~gaging means 30' may be generally 

semi spherica 1 ly (mushroom) sha~~d. The term •semi spheri ca 1" means 

a generally round shape, protruding in multiple directions and is 

inclusive of hemispheres and :"/~pheres, but not limited to regular 

shapes. This geometry, parb~~~arly the generally spherically 

shaped engaging ;means 30:' st~uc~ure, provides the advantage that 

less disturbance to the ~tir~nd~<~f the receiving surface typically 

occurs when the :eng~g'i:·ng. ·l!lf!l,ns ·~30' is removed fr~m the receiving 

surface. Thi:s ' cau$e~ :i~$~ <•vi:sible damage to the . receiving 

surface, allowing it to 'IJE!· ~~~~~d a greater number of time~. If 

the semispherically shaped -~g_aging means 30' is selected, the 
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shank 28' is preferably more·nearly orthogonal to the plane of the 
substrate 24', to· allow easier penetration into the openings of 
the receiving surface and ,to reduce damage to the receiving 
surface as the engag1ng means 30' is released from the receiving 
surface. A shank 28' .. having: an angle er' of about 10• to about go• 

. ~ . . 
is suitable. 

To provide a prong 22' o~_the proper proportions and having a 
generally semispherical enga,g~ng means 30', the engaging means 30' 
should radially protrude fro1~{the circumference of the shank 28' a 
lateral distance sufficien~ .. to intercept the strands of the 
receiving surface; but not protrude so far that the mass of the 
engaging means 30' is unable 'to be rigidly supported by the shank 
28' or the shank· -28' is otherwise unstable. As the angle a' of 
the shank 28' decreases; i . e. de vi ates further from the 
perpendicular, the mass of the engaging means 30' relative to the 
shank 28' structural integrity and cross sectional area becomes 
more critical. 

A tapered shank 28', having the base 26' to highest elevation 
cross sectional area and diameter ratios described above, and an 
angle er' _of the shank 28' o_f about so• works well. It is to be 
recognized the highest elevat;ion measurements are to be taken from 
the highest elevation of th~· shank 28' and not from the engaging 
means 30'. 

For an embodiment, as illustrated in Figure 3, which does not 
have a smooth transition froin the shank 28' to the engaging means 
30', and for which the dJmarcation between the shank 28' and 
engaging means 30' 1s easi:l.y determined, the imaginary cutting 
plane 40' -40' is three-four:ths of the perpendicular distance from 
the pJane of the substrate·;:z4 1 to the plane tangent to the point 
of .the engaging means 30' ~h,ich is longitudinally closest to the 
plane of the substrate 24 1

'.): The cutting plane 40' -40' is then 
used to determine the angle/er' of the shank 28'~ the leading edge 
angle ~l' and trailing edge,'.~ng]e ~T' as desert.bed above. 

The engaging means 3<f' · should. radially project, in each 
: : •.· ; 

lateral direction, from th~J.per'iphery of the distal end 29' of the 
shank 28'. at least about 2S:;P~~cent of the diameter of the distal 
end 29' of the shank 28, and preferably at least about 38 ~ercent 
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of such diameter. Alternatively stated, if the diameter of the 
dbtal end 29~ of shank 28' if normalized to 1.0, the di~eter of 
the engaging means 30' shou1·4,,~f at least 1.5, and preferably at 
least 1.75 times the diameter.<of the distal end 29' of the shank 
28'. Furthermore, the dtamet¢'~ of the base 26' should be about 
2.0 times the diameter of th~: distal end 29' of the shank 28'. 
·The shank 28' height .should· .be about l.5 to about 2 times the 
diameter of the distal end '. -~'.~, · of the shank 28', to properly 
longitudinally space the. engaging means 30' from the substrate 

. . . . 
24'. The longitudinal di...en~lon of the engaging 1neans 30' may 
·range from about o.s· t~ abou(i.s times the diameter of the distal 

end 29' of the shank 28'. 
The fastening system: 2q:1

· of_ Figure 3 is made by heating the 
engaging means 30 and distal·: ~nd of the fastening system 20 of 
Figure 2. to at lea$t the melti.n9 point. This is accomplished by 
bringing the engaging means a9::and distal ends of the prongs 22 to 
a heat· source 1 ongi tlldi na lli directed toward the p 1 ane of the 
substrate so that t.he base .2&' and the proximal end of the shank 

. 28' are not heated io at le!a,st the melting point. A suitable 
method is to bring the hig~~~t elevation of the prong to within 
about 3.3 millimeters to about 10.l millimeters (0.1 to 0.4 

inches) of a heat source, ~ll.C:h, as a hot wire heated to about 
44o·c. 

. ; ~/--·:.· .. 

The leading edge angle Ill' and trailing edge angle J!T' of the 
.. . . 

prong 22' will be similar to %h•t of the corresponding hook-shaped 
tine style engaging means pr(Jng:· 22, from which the semispherically 
shaped engaging mean~ ·styh~:i/IJ,roJ19 · 22' was formed.. This occurs 
because the angle a' of· th~: :shank 28' and leading edge and 
trailing edge angles ~t' a~~;::'tr' do not substantially change as 
the engaging means 30 of ,f·,1:~~re 2 is heated and .melted to flow 
into the engaging means 3o1>ofFigure 3. 

for th~ aforementi,one(J ~Mi'J'1 jken 970026 receiving surface, the 
engaging mean$ 30': c)f :Fig~~~'.:!··3>should preferably have a lateral 

. ;·. ·· ..... '·· .. , . 
and longitudin~l 4i~nsion_:_c)·~,: .about 0.029 millimeters to about 

0.032 mi11imeters )(tqQ1 i~~he;~)' and be disposed on a shank 28' 
having a base 26 1 

• ~l"iameter:'::~(, about 0.30 mi11 imeters to about 
·;.·_ ... 

· 0.045 mfllimeters (.012 t~ _,~'002 inches) and a diameter at the 

. :. ; 
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distal end 29' of about 0~016 millimeters to about O.OZO 

millimeters (0.0006 to o.ooor inches). The distal end· 29' of the 
shank 28' should. be disposed'j>etween about 0.44 millimeters and 
about 0.50 millimeters (.tu£ :inches to .020 inches) above the . . 

plane of the substrate 24', -~d the engaging means 30' should have 
a 1 atera l projection 38'' of . ~bout O. 56 mill imeters to about O. 70 

mill imete~s (0.022 to o.oia : inches), preferably about 0.64 
millimeters · (0.025 inches). 

PRQCESS Of :MANUFACTURE 
Figure 4 is a side ;elevational, schematic vi·ew of a 

particularly preferred appara'tus used to produce prongs according 
to the method of the. present 'invention. Figure 4 shows a backing 
roll 74 and print cylinder 73. which form a nip 70 through which 
the substrate 24 passes. As the print cyHnder 73 and backing 
roll· 74 rotate about their , axes, the molten prong material is 
extruded through the apertutes of the print cylinder 73 onto the 
moving substrate 24, is str~tched in a _direction having a vector 
component parallel to· the pl.ne of the substrate 24 and is severed 
by the means for severing 78.to' produce prongs having a dbtal end 
29 and engaging means 30 ·thereon. As used herein the term 
•extrude" refers to forcing a ~ubstance through an opening causing 
the substance to be shaped, :a,t: least partially, by the opening. 

·The print cylinder 13 is an example of a particularly 
preferred depositing member which may be used with t~e method of 
the present invention. The -depositing member should be made of 
~etal or any other suitabl~: mat~rial which can accommodate the 
temperatures of the molten· pr~n.g material, provide substantially 
uniform pitch between the p~o~gs 22 in both the machine direction 
and cross-machine directiO:~;. '.'and yield the desired density of 
prongs 22 within the array. '. 

As used herein the phrase "depositing member• refers to 
anything through which 1 i~uid prong material is extruded in 
dosages corresponding ·to Yndi'vidual prongs 22. The depositing 
member will g~nerally be i' ~~~p:th and relati~ely thin piece of 

. . •' ,, : ·. ; '·" 

metal or other mat~ft~l ha'ving_;'p;~rforations or apertures through 
which the molten prong mat,~l"i~l :, 1s extruded onto the substrate. 
The depositing member may' J>Ef a fl at bed screen, a be 1 t screen 
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(such as a cont;nuous band, belt, or conveyor having apertures) or 

a rotary screen, such as the-.s~reens used in the screen printing 

art. The depositing member, however, may also be in the form of a 
porous or sintered roll having an internal reservoir continuously 

pressure fed with molten pro~g material which is then extruded 

through the pores of the roll onto the moving substrate .. As used 
herein the term "deposit 11 means to transfer prong material from 
the bulk form and dose such- material onto the substrate 24 in 

units corresponding to individual prongs 22. 

Preferably, the depositi11g member will be a rotary screen or 

print. cylinder. A particularly preferred print cyHnder 73 will 

be a metal cylinder, preferal;>ly constructed of nickel, having 

apertures 56 produced by any means we 11 known in the art and 

preferably produced _by means of photoengraving. Preferably a 

c·ircular frame will be mo.unted· on each end of the cylinder, which 

will provide the screen with structural support, maintain the 

screen's cylindrical shape, and will also provide a means of 

holding the screen ·in positiQn a~d rotating the screen about its 

axis without interfering with the heated pressure bar 81 or heated 

hose (not ·shown). For convenience of descrtption, the depositing 

member of the present invent~on shall be described as a print 

cylinder 73. It is to be u~(lerstood, however, that the present 

invention applies to any method of extruding molt~n prong material 

onto a substrate to produce a fastening system having free-formed 
prongs. 

The print cylinder 73;.:~nd backing roll 74 may be driven by 
any means well known in the ::art such as an external motive force 

(not shown), or the backing ;.roll 74 may be driven by an external 
. :-·. 

motive force and the priri~ cylinder 73 driven by frictional 

engagement with the backing r,011 74 ,or vice-versa. 
' ~ . ; 

Rotary screen printing. •pparatus which can be mod;f;ed for 
. . :> ' 

use with the m~thod of thtf .:presen~ invent~on are commerc;ally 
available from Graco/lTI. Cotporation, P.O. Box 1828, Monteray, CA 
93940, such as the Grac.,o/U'.I . Mkro-Print .hot melt adhesive 

-:~- . 

applicator. . . . ' . 
; . : ~ . . . 

The size, shape and p~ttern of the apertures in .the print 
cylinder 73 may vary according to the size and shape of the prongs 
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and the density of prongs in ::the array that is required for the 

particular fasten·ing system de.s:i.red. The cross sectional area of 

the aperture 56, taken at the'·~·uter surface of the print cylinder 

73, generally corre~p~nds with the shape of the footprint of the 

base· 26 of the prong 22. Tti'e ·.·'cross section of the aperture 56 

should be approximately equal t:o the desired cross section of the 

ba$e 26. · 
For the embodiment 'described herein, a generally 

cylindrically shaped aperture ;5:6 is adequate. Though if desired, 

the aperture 56 may be s(l11ewh~t frustoconically tapered in shape, 

having a 1 arger cross section either at the outer surface of the 

cylinder 73 or inner surfa.¢e of the cylinder 73. For the 

embodiment described herein an· aperture 56 having a diameter of 

about 0.30 millimeters to about o. 7~ mUlimeters (0.012 to 0.028 

inches) produces a suitable prpng 22. 

There are different methOcis and apparatus that are suitable 

to supply molten prong materi.Jto the print cylinder 73 and ·which 

are well kn.own in the ·art. O~~. suitable apparatus is disclosed is 

U.S. Patent No. 4,876,982, issued October 31, 1989 to Claassen, 

which is incorporated. herein >by reference. Another particularly 

preferred apparatus is a heate.d pressure bar 81 shown ;n Figure 

10. The heated pressure bat: 81 is disposed ·within the print · 

cylinder 73 and is subs:tanti'~llY parallel to the print cylinder 

73. The heated pressure bar·. :81 has an internal reservoir (not 

shown) which is fed with 1 i qu,id prong materi a 1 and one or more 

discharge ports (not $hown) fr~m which the l°iquid prong material 

uniformly flows to. the .insid~ $Urface of the print cylinder 73. 

Attached to the heated pressure bar 81 is a doctor blade assembly 

83. As the print cylinder 73 ~otates the doctor blade assembly 83 
. i. 

squeegees the molten prong lllilterial along the inner surface of the 

print ·cylinder 73 and forces~~he Hquid prong material into the 

apertures 56. · The doctor bl~~e· assembly 83 not only serves to 

force the molten prong materfa)'through the apertures 56, but also 

pro~ides support to the. print·C:yl inder 73 at th.e point of the nip 

70 to prevent the priri~ • cylind~r: 73 from buckling or deforming as 
.. ·; . ' .. 

it is pressed againsi'the backing roll 7'4. The backing roll 74 

may be constructed of metal:(()r any other suitable material. A 
'~ 



W093/0021S 
··~ 

PCT/US92104770 

-29-

backing roll 74 having a rubber coating with a Shore A durometer 
hardness of about 40 to about :60 may al;So be used. Preferably, 
the doctor blade assembly 83 i~,,pressed against the print cylinder 
73 wtth a force of abou~ ·80' pounds per square inch as the 
substrate 24 passes through' the nip 70. A suitable heated 
pressure bar 81 and doctor :blade assembly 83 are commercially 
available from Grac~/LTI Corpqr~tion, -P.O. Box 1828, Monteray, CA 
93940. 

The internal reservoir of. the heated pressure bar 81 should 
have a steady supply of thermally sensitive material. This may be 
provided by any means well ktlown in the screen printing or hot 
melt adhesives art, but a .Particularly preferred method of 
supplying the heated pressure. ·b.ar comprises a heated hose assembly 
(not shown), a heated tank :'(bot shown), and a gear pump (not 
shown). The gear pump may be driven by a variable speed DC motor 
(not shown) and should provi4e constant uniform output at the 
discharge port of the heated'")lressure bar 81 at all line speeds. 
The heated tank, heated hose .a.sembly, and heated pressure bar 81 
should keep the molten prong :material at the desired operating 
temperature. Typically, a tejnperature slightly above the melting 
point of the materi a 1 is de$i red. The materi a 1 is considered to 
be at or above the 0 melting point• if the material is partially or 
wholly in the liquid state. • J;f' the prong material is kept at too 
high a temperature, the pro~g:material may not be viscous enough 
and may produce engaging mean~ _30 which laterally connect to the 
prongs 22 adjacent in th.J'machine direction. If the prong 
materi a 1 temperature is very. '.hot, the prong . 22 wil 1 fl ow into a 

.. . ~ 

small, some-what se!ftispheri~a,~Jy shaped puddle and an engaging 
means 30 wi 11 not be formed; ~ ~:;: Converse 1 y, if the temperature of 
the prong material is too low:~'\the prong material may not transfer 
from the pressure bar to th~.:doctor blade assembly 83 or print 

-·: ..• 

cylinder 73 or, subsequently•·.may not properly transfer from the 
print cylinder 73 t.o the $.~bstrate 24 in the desired array or 
pattern. ./:.··· 

The print .cyJiinder ?~>>;.is preferably heated to prevent 
solidification of the pron~$::22 during transfer from· the heated 
pressure bar 81 through th~ deposition on the substrate 24. 

~· ... 

. _· >. 
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Generally a print cylinder 73 surface temperature near the source 
materfal temperature is desired·. A print cylinder 73 temperature 
of about 11s•c has been found(¥P work well with the polyester hot 
melt._adhesive marketed ~Y ·t~e Bostik Company of Middleton, 
Massachusetts as No. J.199. But, the operating temperature of the 
print cylinder 73 may vary'· ;according to the particular prong 
material being used. There are many methods which can be used to 
heat the print cylinder 73, which will be readily apparent to one 
·skilled in the art. A parttcularly preferred rnethod of heating 
the print cylinder 73 is ·by udl\g an infrared heater 72. 

It is to be recognized th•t a chill roll may be necessary if 
the substrate 24 is . adversely affected by the heat transferred . . ' . 

from the· _prong material. If 'a chill roll is desired, it may be 

incorporated into th' backi:ng'. roll 74 using means well known to 
one skilled in the art. Thi.s. arrangement is often necessary if a 

. . 

polypropylene~ polyethylene or other polyolefinic substrate 24 is 
used. 

After being deposited .·onto the substrate 24, the prongs 22 
are severed from the the dep·C>siting member by a severtng means. 
The pron~s~ 22 are severed :t,q form the engaging means 30 of the 
fasteni~g system 20 and a ·ni(J.il. As used herein the term "moil 11 

refers to any material severed from the prong 22 and which does 
not fonn part of the fasten~~~ system 20. . . ~-· 

The ·severing means 7~ .. ;$hould be adjustable to accommodate· 
various sizes of prongs 22 -~~d lateral projections 38 of engaging 
means 30 and also provide 't;l~i:fonnity throughout the ·cross-machine 
direction of. the array. :, itie tenn • severing means n refers to 

anything which longitudi.h~l,ly separates the moil from the 
fastening system 20. The >term •sever" refers to the act of 
dividing the moil from theif~stening system 20 as described above. 
The severing means' 78 shoµ1'.~: also be clean and should not rust, 
oxidize or impa.rt. corro~enis and contaminates (such as moil 
materi a 1 ) to the· ptorigs : -2~;~::? A su i tab1 e severing means is a wire 

78 ·disposed ,generalJy P.~t~fl~l to the axis of the cylinder 73 and 
roll 74 and spaced •fr~ii,::ih,~ substrate 24 a distance which is 
somewhai greater than the:~~rpendicular distance from the highest 
elevation of the S()lidifiedprong 22 to the substrate 24 . 
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Preferably the wire 78· is electrically heated to prevent 
build-up of the molten prong .n1,terial on the severing means 78, 

acco111110date any cooling of the'prongs 22 which occurs between the 
time . the prong· material l~a~~s the heated pressure bar and 

. :·· .. ··: 

severing occurs and .to promote lateral stretching of the engaging 
aeans 30. The heating of ~he severing means 78 should also 
provide for uniform teniperatµr,{'distribution in the cross-machine . ,, .. · 

direction, so that an array ,of prongs 22 having substantially 
uniform geometry :is produced. 

. ·;;'. 

Generally, as the. prong material temperature . increases a 
relatively cooler hot wire 7( iemperature severing means can be 
accomodated. Also, as the speed of the substrate 24 is 
decreased, less frequent coo~ing of the hot wire 78 occurs as each 
prong 22 and moil are sever~d, ·making a relatively lower wattage 
hot wire 78 more feasible at the same temperatures. It should be 
recognized that as the tempef•~Ure of the hot wire 78 ;s incr~ased. 
a prong 22 having a generally' shorter shank 28 length will result. 
Conversely, the shank 28 length-and lateral length of the engaging 
means 30 will be increased · in inverse proportion as the 
temperature of the hot wire·-18 is decreased. It is not necessary 
that the severing means 78 actually contact the prong 22 for 
severing to occur. The prirl~\22 may be severed by the radiant 
heat emitted from the severi:h~r ~eans 78. 

For the embodiment de~cribed herein a round cross section 
nickel-chromium wire 78, ·~aving a diameter of about 0.64 
millimeters (0.025 inches} heated to a temperature of about ·34rc 

to about 44o•c has been fou~~ 'suitable. It will be apparent that 
a knife, 1 aser cutting ~~/ ,·pther severing means 78 may be 
substituted for the hot wir:e>:78 described above. 

It 1s important that ~e';severing means 78 be ~isposed at a 
position which allows strettht,ng of the prong material to occur 
prior to the prong· 22 ~{n~'. severed from the moil. If the 
severing means 1a··· is dis~os,~:d too far from· the plane of the 
substrate 24~ the: Prcuig mateH,al will pass underneath the severing 
means 78 and ~ot> ~e .~ irit#l"cjpted by it, forming a very long 
engaging means 30 . which Yi:)_f not be properly spaced from the 
substrate 24 or adjacent pl'"~ngs 22. Conversely, if the severing 



W093/00215 

----------- - ----~·-·-.... 

< .•. 

PCT/US92/04770 

-32-

means 78 is disposed too clo~e to the plane of the substrate 24, 
the severing means 78 will truncate the shank 28 and an engaging 
means 30 may not be formed . 

. A hot wire severing means 78 disposed approximately 3.2 
millimeters to 8.3 millimeters (.125 to .325 inches), preferably 
about 5.7 millimeters (0.225 ii)ches) in the machine direction from 
the nip point 70. approximately 1.4 millimeters to 6.5 millimeters 
(.056 to .256 inches), pref~rably about 4.0 millimeters ( .• 156 
inches) radially outward ·from the backing roll 74 and 
approximately 13.7 millimeters to approximately 18.6 millimeters 
(.534 to .734 inches), prefe_rably about 16.1 millimeters (0.634 
inches) ·radially outwardly from the print cylinder 73 is 
adequately positioned for the process of manufacture disclosed 
herein. 

In operation, the subst:rate 24 is transported in a first 
direction relative to the d~positing member. More particularly, 
the substrate ·24 is transport~d through the nip 70, preferentially 
drawn by a take-up· roll (not shown). This provides a clean area 
of substrate 24-for continuou~ deposition of prongs 22 and removes 
the portions of the substrate 24 having prongs 22 deposited 
thereon. The direction g~nerally parallel to the principal 
direction of transport of t~e substrate 24 as it passes through 
the nip 70 is referred to as the •machine direction.• The macMne 
direction. as indicated by the arrow 75 of Figure 4, is generally 
orthogonal the centerline o:f the print cylinder 73 and backing 
roll 74. The direction .generally orthogonal to the machine 
direction and parallel to:f:the plane. of the substrate 24 is 
referred to as the "cross-ma.~hine direction." 

The substrate 24 may b.-.. drawn through the nip 70 at a speed 
approximately 0% to approxj~ately 10% greater than the surface 
speed of the cylinder 73 a~# roll 74. This is done to minimize 
bunching or· puckeriog of ;~he substrate 24 near the means for 
severing 78 ·the prongs Z2 itpm the means for depositing the prong 
materi a 1 on the sub$tratei) t4. The substrate 24 is transported 
through the nip 70 i~ the,.fi:rst direct;on at about 3 to about 31 
meters per minute (lO to 1oci: feet per minute). 

.:.: 
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The angle of the shank 28 can be influenced by the rate of 
transport of the substrate 24 :past the nip. 70. If prongs 22 
having a shank angle a ·tn0re ne~rl'Y perpendicular to the substrate 

. . 
24 is. desired, a slower rate of: transport of the substrate 24 in 
the first direction is selected. Conversely, if the rate of 

· transport is increased,· the angle a of the shank 28 decreases and 
an engaging means 30 ·have a greater lateral projection 38 will 
result. 

If desired, the substrate 24 may be inclined at an angle -,, 
·~proximately 35• to af>pr:oximately ss·, preferably about 45•, from 
the plane of the ni~ 10 tO'f'ard$ the backing roll 74 to utilize the 
viscoelastic nature of the pron$1. material and properly orient the 
engagin~ means 30 in the lateral direction, as well as 
longitudinal direction. This ar.rangement also provides a greater 
force to extract the. prong m;;t.rial from the apertures 56 and to 
pull the prong 22 away from ttie print cylinder 73. The angle 1 

from the plane of the nip 70 $hq.uld be increased as a lesser angle 
er of the shank 28 is desired~· Also, increasing the angle 1 of 
deviation from the plane of the nip 70 his a weak, but positive 
effect to produce engaging means 30 having a greater lateral 
projection.38. 

After depositing prong ma~erial from the apertures 56 onto 
the substrate 24, the cyl iiad~f 73 and roll 74 continue rotation, 

. in the directions indicated by the arrows 75 of Figure 4. This 
results in a period of r~lative displacement between the 
transported substrate 24 and.l~e·apertures 56 during which period 
(prior to severing) . the pro~gijnaterial bridges the substrate 24 

·,.·.· 

and print cylinder 73. As :rel'ative displacement continues, the 
prong material is stretched u~til severing occurs and the prong 22 
separated from the aperture ~~i_of the print cylinder 73. As used 
herein the term "str~tch• means to increase in 1 inear dimension, 
at least a . portio.n of wtii·~h increase becomes substantially 

· permanent for the 1 iife of th~; iastening system 20. 
. ; . ·;,.•'. 

As discussed ·above,, it:?i is a 1 so necessary to sever the 
individual pro~gs 2~·:: from t~~-;! print cylinder 73 as part of the 
process which forms the eng~~tng means 30. When severed, a prong 
22 is longitudinally divided' ''into two parts, a distal end 29 and 
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engaging means 30 which rema'.in with the fastening system 20 and a 

moil (not shown) wMch remai~s w,ith the print cylinder 73 and may 
be recyc 1 ed, as desired. Aftet{ ·the prongs 22 are severed f roni the 

moil., the fastening syste11t?<zo is allowed to freeze prior to 

contact of the prongs 22 w1tb, 6~her objects. After solidification 

of the prongs 22, the subst:r~~e :24 may be wound into a roll for 

storage as desired. 

A non-limiting illustr~tion of the method of the present 
invention shows the prong :mater·ial to be disposed in a heated 

.-··· ... 

trough (not shown) and supplled to the heated pressure bar 81 by a 

heated hose assembly (not sbe>.WJ'I). If a polyester resin hot melt 

adhesive is selected, a niaterial temperature of approximately 
·•.,_ 

177-193 degrees Celsius, 'pre~~ta:bly about 186 degrees Celsius, has 
been found suitable. If a polyamide resin is selected, a material 

temperature of approximately ·193-213 degrees Celsius, preferably 
.. ·· : 

about 200 degrees Celsil1$, ha:$ been found suitable. A polyester 

film substrate 24 about O.O()B'to about 0.15 millimeters (0.003 to 
.. ;_ 

0.006 ;nches) in thickness works well with hot melt adhesive 
prongs 22. 

For. the illustrated· operation described herein, print 

cylinder 73 havi"ng an array of about 15 apertures 56 per 
centimeter (40 apertures :·-~6 per inch) in both the machine . 

direction and cro~s machin~.~1rection, yielding a grid of about 

237 apertures 56 per squar~ centimeter (1600 apertures 56 per 

square inch), is suitable~ This grid density may be 
advantageously u.sed with <:·~:\:.,print cylinder 73 having a wall 

thickness of about 0.16 :mi·Hi1neters (0.004 inches) and a diameter . ' ;,:·:-·. . 
of about 20. 3 centimeters (~'.-(f i'nches), with apertures 56 having a 

diameter of 0.30 millimet~f·((o.oi2 inches). A backing roll 74 

having a diameter of abo;ut; 20.3 centimeters (8.0 inches) and 
vertically regiStered hasi?&een found to work well with the 

aforementioned print cy1;:64et: 73. The rate of transport of the 

substrate 24 is ~bout 10.:-7.;!~e~~rs per minute (35 feet per minute). 

A nickel-chromium ·ho(~i·r~. 78 having a diameter of about 0.6 

millimeters (O.o2s •inchesi_ cHsposed approximately 5. 7 millimeters 
(0.225 inches) from the ~ii) '':point 70 in the machine direction, 

· ... -:'· 

approximately 16.1 mill iinet,ers (0.634 inches) radially outward 
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from the pr;nt cyl;nder 73 and approx;mately 4.0 .mill;meters 
(0.156 inches) from the backing· roll 74 is heated to a temperature 
of about 430 degrees Celsius. !he fasten;ng system 20 produced by 

tMs operat;on ;s substantially s;mnar to that Hlustrated by 
Figure 1, wMch fastening system 20 may be advantageously 
incorporated into the illustrative article of use discussed below. 

Without being bound by an1 particular theory, it is believed 
that the geometry of the engaging means 30 is governed by the 
elastic properties of the hot melt adhesive used to make the prong 
22 and the.difference in the temperature between the trailing edge 
46 and the leading edge 42 of the prong 22. The trailing edge 46 
of the prong 22 is shielded and insulated from the heat 
originating from the severing means 78. Conversely, the leading 
edge 42 is directly exposed to the heat of the severing means 78, 
which causes the leadjng edge. 42 to solidify or freeze after the 
trailing edge 46. This causes elongation of the leading edge 42 
and ~ontraction of the trailing edge 46, relative to each other. 
As this temperature difference is increased, a relatively longer 
engaging means 30 is formed. 

Referring to Figure 5, 'f a fastening. system 20'' of more 
nearly isotropic peel strength is desired, such a fastening system 
20'' may be formed by modifyi~g the fastening system 20 of Figure 

· 1 through a second stage differential temperature process. As 
fllustrated in Figure 5, the fastening system 20 of Figure 1 is 
further processed to provide shanks 28'' with engaging means 30'' 
which radfally extend from ihe shanks 28'' in various lateral 
directions. of a generally ra:ric1tim orientation. The phrase "random 
orientation 11 means . having l a:tera 1 projections 38' ' and prof 11 e 
views which si'gnificantly deviate in direction from those of the 
nearby prongs 22''. 

Without being bound by any particular theory, it is believed 
. . : . . 

that this ·structure is acc•lhhed by establishing a temperature 
differential between: the prdft1:e surfaces or leading surfaces 4Z 
and the trailing s~rlaces 46t :Qf 'the prongs 22 of the fastening 

. . . ~ : : .. . . 

. system 20 of Figure' 'l~ and :ttlat ·such temperature differential may 
be enhanced by radiation or p~eferably convection. 

t . . 
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It is also believed that as a result of attaining a 
temperature differential of the leading surface 42" or the 
profile surfaces relative to the trailing surface 46", the 
engaging means 30" w.ill substantially change or even reverse the 
orientatto~ of lateral _·projection 38", providing a prong 22" 
which is oriented in a: direction other than that which occurred 
when initially cooled or frozen. The differential temperature may 
be established b.Y any so·urce known to one skilled in the art, such 
as a heated wire or metal elemant, and preferably an air gun 84, 
disposed above the pro~!JS 221

·
1 and capable of providing a directed 

temperature differenti·at to the·. fastening system 20''. 
It is desired that the direc~ed temperature differential 

source direct an air current towards the fastening system 20'' 

within about ± go• of the first direction of substrate 24'' 

travel, which is · t~e machine direction. As used herein, the 
phrase "± go• of the first direction" means a direction having a 
vector component ge.nerally perpendicular to or generally cou_nter 
to the first direction of tr~vel of the substrate 24" and is 
inclusive of the direction generally opposite the first direction 
of travel. 

If the directed temperature differential source 84 is 
disposed at an angle of aboutl8o• relative to the first direction 
of travel of the substrate 24; :i, the source 84 is directed towards 
the leading surfaces 42" of ·the prongs 22" of the fastening 
system 20'', and generally opP:osite the machine direction of the 
process described anci cla1med\-herein. Directing the temperature 
differential of source 84 ~t'H~ectly towards the leading surface 

. . : . 

42' ' of a prong 22' ' wi 11 re~u.1_ t in the 1 atera 1 projection 38' ' of 
the engaging means 30~' rotat)ttg, to change the orientation· of the 
lateral projection about 180:~::· Prongs 22" disposed somewhat to 
the side, · i.e. in th~ cross.'¥111achine direction, ~f the directed 
temperature differe~_t.i'a1 so,~f~e 84 will not have the engaging 
means 30" rotated·• ~bout t'S(f~ ~ but instead engaging means 30" 
more nearly rotated:.';:abouti·:·go~. Thus, it is apparent that a 

· ... ··· •. : . : ' •. ,.,, .. ·>· 

directed temp.erature, differen~ial source 84 oriented in the 
. ;, .. 

cross-macMne direction win: provide a fastening system 20' I 

· . .- ..... -... · 
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having prongs 22" with vari()US lateraJ orientations in the 
cross-machine direction according to the prong 22'' position 
relative to the tE!mperat~re differential source 84. 

~n air gun 84 discharging alr at a temperature of about as·c 
at a distance of about 46 centimett!rs (18 inches) from the 
substrate 24'' is a suitable .4i:fferent'1a1 temperature source. A 

133-348 series heat gun sold by the Dayton Electric Manufacturing 
'Company of CMcago, .·Illinois Ofi~nted at :about 45• relative to the 
plane of· the substrate 24" attd' dispos~d :about 46 _centimeters (18 . . . 

inches) from .the prongs produces a fast-eni'ng system 20" pattern 
substantially similar to th~t shown in F·igur.e 5. It will be 
apparent to one skilled in thf art that a one or more hot wires 
disposed above the prongs :22'' and. oriented in the machine 

. . 

direction will produce a fastening · system 20" having cross 
machine directionally oriented. engagfog. means 30'' in a regular, 
somewhat striped pattern. 

Without being bound by any theory, it is believed that the 
change in ori-entation_ of the engaging means 30'' occurs due to· the 
cooling of the profile surfaces or the leading surface 42'' of the 

. : ~ .. 

prong 22" relative to the tra·ntng surface 46", which may occur 
if· the temperature of the ·discharged air from the directed 
temperature source different_hl source 84 is less than the 
temperature of the periphery -_of such· :~profile surfaces or leading 
surface 42". The temperature differential resulting from. the. 
cooling causes contraction :o'f the . portion of the prong 22" 
towards which the temperatur~:,~:differ~nthl source 84 is directed. 
This contraction may result,'i~··a change in the orientation of the 

· .. ··· . 

engaging means 30'' and 1'~~-ral ·projection 38'', due to the 
differential cooling of the_; l'ading surface 42" relative to the 
trailing surface 46". Wit~ticit be~ng· bound by further theory, it 
is believed that relief of'.,r';~iduall stresses which ~ccur during 
cooling may influen~e the ;icta~nge :t~- -(Jrientation of the lateral , ....... . 

proj~ct ion 38' ' • . \/' . 
It will be fu~ther. app:a~~~t' tti Jme ski 11 ed ; n the art that 
. . . . . •····· .... · .. · . 

other variations a~e feasib]e.:i: for:;~~'.ample, a prong 22 having an 
engaging :means 30 protrudi~g: .in ~of~- 'than one direction may be 

produced.: If desired, only!:~he print ·cyHnder 73 may be utilized 
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in the manufacturing process, providing the substrate 24 contacts 
the print cylinder 73 at t~e· 'point on the outer surface of the 
print cylinder 73 that corre~ponds with the point at which the 
doctor blade assembly 83 corita¢:ts the inner surface of the print 

cylinder 73. 
It is frequently desirClble to have a fastening system 20 of 

the present invention with ·,i~e· maximum lateral projectio!I 38 of 
the prongs 22 oriented in ·a, direction other than the machine 
direction. For example, wile": using the present invention as the 
fastening means of a disposable diaper, it is des.irable that the 

. > . ·. 

maximum lateral projection 38' of the prongs 22 be oriented in a 
direction substantially perpendicular to the direction of travel 
of the disposable diaper :on the manufacturing 1 ine. A diaper 
manufacturing line requires complex and expensive machinery to 
cut. reorient and apply. the fastening system 20 if the maximum 
lateral projection 38 of the prongs 22 are oriented in the machine 
direction. A fastening system 20 of the present invention 
produced with the maximum lateral projection 38 of the prongs 22 
oriented in the cross-machine direction, however, would not 
require re-orientation before being applied to a disposable 
diaper. It is therefore very advantageous to be able to 
.manufacture the fastening .;system 20 of the present invention with 
the maximum lateral projec:tfon 38 of th_e prongs 22 oriented in a 
direction other than the ma~hine direction. 

There are two ang_le_s which are made by the shank 28 of prongs 
22 produced by this proc~ss. The shank 28 makes an angle a with 
the plane of the substrate)24 as discussed hereinbefore, and the 
shank 28 also makes an az:iimlthal angle (indicated by a letter A, ... :;· .· 

Fig. 7) relative to the mathine direction of the substrate 24. As · 
used herein, the term ·~itlllthal angle 11

· refers to the angle the 
maximum lateral projectip~ 38 makes relative to the machine 
direction of the substraf'c!. ~hen viewed from above. As used he.rein . . . : :. ~ ": .·. : .. 

"viewed from abqve" refers to viewing . the prongs 22 from a 
direction which b :1>erp~·ndi.t'ular to the plane of the substrate 24. 

. . . ' ' . ~. . . 

The term 11machfoe' id,fr~ttiob" refers to the direction generally 
parallel to the: p~i~ci~l.~-·~'irection of transport of the substrate 
24 as it passes through t'he nip 70, and is indicated by an arrow 
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75 in Figure 7 •. The azimuthal angle ;s measured by first 
determining the maximum lateral projection 38 of the prong 22 as 
disclosed hereiribefore. As 'shOWn ·in Figure 7 the azimuthal angle, 
indi~ted by the lette·r A, is ;the angle relative to the machine 
direction which is made. by a ltne 60 drawn parallel to the maximum 
lateral projection as·when viewed from above. The azimuthal angle 
A can be-measured relative to the machine direction in either the 
clockwise or counter .. clockwiSe· dir~ction, but the azimuthal angle 
will ·not be greater than 1so•. A fastening system 20 suitable for 
use on a disposable diaper, w1U preferably have prongs 22 with an 
azimuthal angle such _that the ...aximum lateral projection 38 will 
be oriented in a direction having a vector component perpendicular 
to the machine direction of t~~ substrate 24. Thus the prongs 22 
may have an azimuthal angle gr~ater than 0 degrees, between about 
1 degrees and about :180 degr.~es, generally the azimuthal angle 
wn 1 be greater than abou~ 20 ~degrees { 20· - 1so·)' greater than 
about 45 degrees (45• - tao•)", or greater than 60 degrees (&o• -
tao•). The azimuthal angle ·of the prongs 22 made using the 
process described here.in will ·preferably be from about 20 degrees 
to about 160 degrees, more :Preferably from about 45 degrees to ·. ·' 

about 135 degrees. and most preferably from about 60 degrees to 
about 120 degrees... l_n a pref~rred embodiment shown in Figure 7, 
the azimuthal angle of the pro,~gs 22 will be about 90 degrees. 

A method for imparting a_ri azimuthal angle to the fastening 
system 20 . is to bi as the pri)ngs 22 of the fastening system 20 
while the prongs 22 are parti·~}Jy or wholly in a liquid state. As 
used herein the term •bias:~>' refers to providing a force or 
influencing means in a _:di:r~_ttion having a vector component 
perpendicular to the machille:·arrection of the substrate 24. The 
prongs 22 may be bi~sed wh~n:~:they are newly formed and have not 
yet coole.d and solidified a~d<are still malleable, or the prongs 
22 may be biased :~fter :t~~Y, have cooled and solidified by 

. ;'· ,· 

reheating the pron~~;:22 so: t.~·~ they are malleable and will turn 
when biased. Thete::'i.~'re: :a ·6~fub~r of methods available to bias the 
prongs 22' so as tti :ifupart: :~ri:.aziimuthal angle. 

; . .. ~.: . . : . . ~ . . ' ;· 

A suitable method fo~ "imparting an azimuthal angle~. is to 
bias the _prongs 22 by causin~{;gravitational forces to act upon the 

1 .. 
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prongs 22 whtle the prongs 22 are partially or wholly in a 1 iquid 
state such· that the gravitatioqal forces will pull the prongs 22 
to the desired azimuthal angl,e. This can . be accomplished by 
tilting the substra;te 24 so th.at the plane of the substrate 24 
when viewed in the machine direction, would not cut 
perpendicularly through a plu~>·'line, but rather would form an 
angle other than 90 degrees wlth a plum line. As t_he prongs 22 
are printed and severed, the aljgle, indicated by the letter H in 
Figure 8, of the substrate 2f:;relative to the horizontal allows· 
gravitational forces to act upqn the distal ends of the shanks 28 
and engaging means 30 and >.;pull the prongs 22 toward the 
longitudinal side of the substrate 24 having the lower altitude. 

. .:'.::· 

Preferably, the print cylinder :73 and the backing roll 74 together 
are t i1 ted or raised on one e~d from the hori zonta 1, as shown in 
Figure 8, so that as the subs~t~te 24 passes through the nip 70 of 
the rolls the longitudinal ~dges of the substrate ·24 will be at 
nonequal altitudes, and the gr~"itational forces, indicated by the 
letter G in figure 8, will -~t upon the prongs 22 to give the 

· .. :;.··· 

shank 28 an angle a with the·~ubstrate 24 and an azimuthal angle A 
·(neither angle a or angle A ar~:· shown in Figure 8). The substrate 
24 should be tilted so that the>plane of the substrate 24 forms an 
angle relative to the horizd~ital of at least about 15 degrees. 
Preferably the plane of ·the s:ti~:~trate 24 will be at an angle of at 

:·:··-: 

least 30 degrees. 
Another suitable method 'for 'imparting an azimuthal angle is 

to bias the prongs 22 by appjying a pressure differential across 
the plane .of the substrate 24}~hile the prongs 22 are partially or 
wholly in a liquid state such''.°t°hat the prongs are forced or drawn 
to the desired azimuthal ·arigle. This may be accomplished by 
flowing a liquid or gas acre>s'.(the plane of the substrate 24 in a 
direction having a vector toinPonent perpendicular to the machine 
direction. The pressure diffe~ential wi11 cause the prongs 22 to 
turn or reorient towa~d ttief s-id,~ of the substrate having the lower . : : . .·.. . 

pressure. Preferably, th~ ,j),r~$sure differential across the 
. . ' .·.·· .•. 

substrate 24 is achieved by'.·~r~~~ing a high pressure from one side 
of the substrate 24 using ; air. jets' air needles or other means 
well known in the art. How~~er, the pressure differential across 

: .::-.. ··: 
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the substrate 24 may also be achieved by· producing a low pressure 
(i.e., vacuum or partial va~~~m) from one side of the substrate 
24, or by creating a ·bigh pr~~sure from one side of the substrate 
24 and at the same· time c~~~ti·ng a low pressure from the other 
side of the substrate 24. '.the side of the substrate 24 which 
represents the high pressu~.o(>r low pressure side and the angle 
relative to the machine direction at which the fluid flows is 
dependent upon the az1muthal.~~gle desired. The fluid medium used 
~11 preferably be -.ir, tho~h-'.other gases and Hquids may also be 
used. As used lle..-in th~~,>.term •high pressure• refers to a 
pressure greater than the .. ~'lent pressure of the air or other 
fluid which surrounds the p~~rigs 22 as they are being azimuthally 
angled. As used· herein the' term •1ow pressure• refers to a 
pressure less than the ambient pressure of the air or other fluid 
which surrounds the prong$: 22 as they are being azimuthally 
angled. 

It should be understood that it would also be suitable to 
have the high pressure and/t,'{ low pressure originating from other 
than the sides of the subst~ate 24. That is, the high pressure. 
source and/or low pressure $~urce may be positioned such that the 

·_:,·· :··:~:: ; 

prongs 22 are forced and/Qr drawn in more than one direction, 
giving the fasten.ing system;~2o a more isotropic peel strength. As 
a nonl imittng example, a v~~~um source may be disposed near the 

. ,·. :,., 

sides of the substrate 24 aij(l_a pressure source disposed near the 
middle of the substrate '~4, such that the maximum lateral 
projection 38 of the prong$··22 will be influenced substantially 
away from the middle of th-~"{~ubstrate 24 and toward the sides of 

:·;_:.·· f 

the substrate 24. .:: 
When a pressure diffeten~1al is used to impart an azimuthal 

angle .to the prongs Z2, f~~#~ntly turbulence in the chosen fluid 
medium will cause SOiie of theLprongs 22 to scatter, or acquire an 
undesired azimuth;fl :angle •. J T~· minimize the incidence of prongs 22 

''.".: ···:: 

scattering, it is d~sirable to minimize the turbulent flow of the 
fluid medium and' ~~i~tain •: more streamline or laminar flow. 
There a:re a numb'.er :o_f method.s;·!•vailable to produce a substantially 

·,·· .. 

laminar flow. 
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One method of produci.ng a substantially laminar flow is 
through the use of one or 111pre nozzles or flow amplifiers to 
impart controlled direction to· a flow. As a non-limiting example, 
two comercial air flow ·amp_lffiers 902 will be used in tandem. 
The first air flow ampl ffier 902 (indicated by the letter P ·in 
Fig. 9) has the discharge flow ·of its outlet directed across the 
substrate 24. The second air'f'low amplifier 902 (indicated by the 
letter V ;n Fig. 9) has the suction of its inlet drawing from 
·across the substrate 24. The ~lscharge flow of the first air flow 
amplifier P is drawn into the inlet of the second air flow 

amplifier V creating a subst;antiaJ,ly linear air draft. The air 
flow amplifiers 902 are oriented relative to the substrate 24 to 
produce a low velocity linear. air . ·draft in a cross-mach1ne 
direction. The preferred location of the 1 inear air draft is 

inaediately down stream of the cutting hot wire 78 (not shown in 
Figure 9). Extraneous air current may be eliminated by the use of 
an enclosure (not shown") to s~rround the area where the linear air 
draft is applied. Suitable air flow amplifiers are commercially 
available from Vortec Corporation of Cincinnati, Ohio and marketed 
as Transvector Hodel · 912/952,, having a 25-100 SCFM rating. The 
required air pressure may.vary, but about 1 pound per square inch 

. to about 10 pounds per square, inch·of air pressure works well. 
Another suitable method :'for imparting an azimuthal angle to 

·the prongs 22 is to bias the;prongs 22 by mechanically turning or. 
physically dragging the prongs 22 while they are partially or 
wholly in a liquid state. A: non-limiting example of thh is the 
use of an oscillating or rot~t1ng severing means, e.g. hot wire, 
{not shown) to force or ~rag the prongs 22 to the desired 
azimuthal angle as the pro~g's 22 are cut. There will be many 
other methods of accomp lishi1tjg this which wi 11 be apparent to one 

:·: :., 

skilled in the art. 
A prong 22 having an'· az.j~~thal angle can be_ produced using an 

• : • ',':·.-·: ·.:> .. 

aperture 56 having a majer axis and minor axis with the minor axis 
of the aperture 56 oriented,,._:i'n'.-,a ·direction other than the machine 
direction of the pttrit '~yl.{~d~r )3. Without being bound by any 
particular theory it is .. b~li~ved that an aperture 56 having a 
.major axis and a minor axis will produce a prong 22 having a 
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bending axis and weak axis and that the forces of gravity will act 
upon the prong 22 to pull the distal end 29 and engag;ng means 30 
of the prong 22 generally in the direction of the weak axis. 
Although a prong 22 produced .:U$ing an aperture 56 of this type 
does not need to be biased to azimuthally angle and will orient 
generally in the direction of t~e weak axis without biasing, an 
aperture 56 of this type does produce prongs 22 which are more 
easily affected by bfasing. 

When the aspect rati·o of th(! sectional area of an aperture 56 
taken at the surface of. the pr,rit cylinder 73 is greater than 1:1, 
the sectional area of the aperture 56 at the surface of the print 
cylinder 73 will have a longer dimension and a shorter dimension 
generally perpendicular to the longer dimension. As used herein 
the term "major axis" will refer to the longer dimension of the 
sectional area of the aperture 56 at the surface of the print 
cylinder 73, and as used herein the term "minor axis" will refer 
to the shorter dimension of the sectional area of the aperture 56 
at the surface of the print cylinder 73. 

Because the sectional area of the aperture 56 at the surface 
of the prin~ cylinder 73 generally corresponds to the footprint of 
the prong 22, an aperture 56 having a major axis and minor axis 
will produce a prong 22 having ;a footprint with a major axis and 
minor axis which generally correspond with the major axis and 
minor axis of the aperture 56;. ·The weak ax;s of the prong 22 w;11 
generally correspond with the m;nor axis of the footprint, and the 
bending axis of the prong 22· \if,ill generally correspond with the 
major axis of the footprin~. 

As a nonlimiting example'-af:· an aperture 56 which will produce 
.• 

a prong having a weak axis, Fig~re 12 shows an aperture 56 having 
a rectangular sectiona.1 area .;•t the surface of the print cylinder 
73. The direction of travel of the print cylinder 73 is 
designate_d by the arrow· numbe~-d 75, and the major and minor axes 
of the aperture 56 are designated m-m and m' -m', respectively. 
The major axis m~m of':~~e re~;~ng·u1ar aperture 56 of Figure 12 is 
oriented substaniially: 

0

in the!'machine direction. The minor axis 
m' -m' of the rectangular ap~tture 56 is oriented substantially in 
the crass-machine direction. An aperture 56 of this type will 
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produce a prong 22 having a: :w~ak axis oriented in a direction 
substantially perpendicular to the machine direction of the 
substrate 24, and the prong <·?z .will tend to orient substantially 
in ttae direction of the w~alc.. axis of the prong 22, i.e.. the 

'. \" . 

maximum lateral proje~tion 38<of the prong 22 will tend to orient 
substantially in the cross-michtne direction of the substrate 24. 

The maximum 1a1;era1 proje~tion 38 will randomly orient toward 
either of the sides of the p~~g 22 parallel to the major axis m-m 
of the footprint, howev,r, bji slightly biasing the· prongs 22, they 
can be forced to orient to~ard a particular side for a more 

uniform array of prongs 22. 
As another non11niiting ··xample of an aperture 56 which will 

. . 

produce a prong 22 having ·a we.ak axis, Figure 13 shows an aperture 
56 having an eHiptical sectional area at the surface of the print 
cylinder 73. Again, the major and minor axes of the cell are 
designated m-m and m'-m', re~pectively. The major axis m-m of the 
elliptical aperture 56 of Fi~ure 13 i's oriented substantially in 

the cross-machine · directi°'~· The minor axes m' -m' of the 
elHptical cell is oriented substantially. in the machine 
direction. An aperture 56 ·of this type will produce a prong 22 

having a weak axis oriented in a directi~n substantially 
perpendicular to the cross-m~~hine direction of the substrate 24, 
and ·the prong· 22 will t~nd to orient substantially in the 
direction of the weak axis· e>f the prong 22, i.e. the maximum 
lateral projection 38 win< tend to be oriented in the machine 
direction of the substrate ?4·. The maximum lateral.projection 38 

of the prong 22 wil 1 generally : be oriented in a di re ct ion opposite 
. the direction of travel of>t.he substrate 24 as a result of the 
biases inherent in the· '-~~Jiufacturing process. However, by 
slightly biasing the p,rongs:-~2i as discussed hereinbefore, they .can 
easily be forced to' orie~t iij-:othe direction of travel. 

..... ,··· . 

. As a third ,no"~ limiting'.~ample of an aperture 56 which will 
produce a prong :~2 ,~aving ;(~eak axis, Figure 1.0 shows an aperture 
56 which has a' sect:Hnfa~ fre~: at the surface of the print cylinder 
73 generally re~-bl)~~ :a:~n ~~uilateral triangle with one· side of 
the equilateral' tri~hgl~ ·::·:~e-nerally parallel to the machine 

direction of the print cyljnder 73. Because the aperture 56 of 

.. , . 
. · .... :,..:_·:· .... : :.-
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Figure 10 is a three sided ftgure each of the three sides being 
equal in length, the aperture··,56 will have three major axes (not 
shown) and three minor axe~ (m' -m' t; m' -m' 2, m' -m' 3). The 
aperture 56 will hav~ a ma.Jot::axis generally·parallel to each side 
of the ,equilateral triangle and a minor axis generally 
perpendicular to each stde. of the equilateral triangle. 
Therefore, an aperture 56 of' ,:t~is type wn1 · produce a prong 22 
having a footprint with thre~, major axis and three minor axes 

:·.·. 

corresponding to the three major axis and three minor axis of the 
aperture 56. The prong 22 . ~111 · therefore have three weak axes, 
and the maximum lateral proj,c:tion 38 of the prong 22 will· tend to 
orient toward one of the three ~eak axes. An azimuthally angled 
prong 22 can be produced using an aperture 56 of this type 
disposed on the print cylinder 73 such that the minor axes· 
(m'-m'J. .m'-m'2, m'-m'3) of lh~ aperture 56 sectional area are 
each oriented in a direction bther than the machine direcUon of 
the print· cylinder 73, such. as in Figure 10. Because of the 
biases inherent in the manµfacturing process, a prong produced 
fr.om the aperture of Figure i()\,1ill tend to be oriented toward the 
weak axis of the prong tihich.9'.~llerally corresponds with minor axis 
m'-m'1 of the aperture 56. · 

Without being bound by ~ny particular theory~ it is believed ... 
that the maximum lateral p~jection 38 of the prong 22 tends to 
orient substantially in tht( ~irection of the weak axis of the 

,: . . 

prong 22, Le. the di.rect·iC;n of the minor axis m' -m' of the 
footprint, as a result of ~~e··:shank 28 being unstable from a lack 
of support from the base ··'~~'-along the sides of the prong 22 
parallel to the major axis -..,~~,bf the footprint. 

The minor axis m' -m' of;'.•tj aperture 56 may be oriented in any 
····.·;·: 

direction on the prinl· cyl:i'nd.er 73, however, as discussed above 
when the. minor axis m'-ni' :!,~'f{i~n aperture 56 is oriented in the 
machine direction of th~ ptint';¢yltnder 73, a prong produced using . . . . . . . . . . . . . 
that aperture 56 ·wnl · tie'\generally oriented in the machine 

. ·~ ·. ' ~:· 

direction of the sub~t~a~e/24, ·i.e., not azimuthally angled. 
Therefore~ azimuthallj'.' ~n91i4<.:prongs 22 may be produced using an 

. . ··;=,·:,.:.>':.,:' 

aperture 56 having an aspec:t,';-ir•t i o greater than about 1.1: 1, with 
·-- ----------·-- __________________ ,,_: __ - -·--: the minor axis m' -m' of t~·~;_',aperture 56. orie-nted in a direction 

! • .,.·· 
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other than the machine direction of the print cylinder 73. To 
produce azimuthally angled pr~ngs the minor axis m' -m' of the 
aperture 56 should be at afl.: ~ngle greater than about l degree 
relative to· the machine dire~ticm of the print cylinder 73, wil 1 
preferably be at an angle gr,eater than aboµt 20 degrees relative 
to the machine direct1on of t.~e>print cylinder 73, more preferably 
greater than about 45 degrees·r~lative to the machine direction of 
the print cylinder 73 and -~st preferably greater than about 60 
degrees relative to the mac~·ine direction of the print cylinder 
73. In a preferr~ embodiment 'shown in Figure 12, the minor axis 
m' -m' of the aperture 56 ·wi'll be oriented about 90 degrees 
relative to the macMne dir~ction. of the print cylinder. 73. The 
aspect ratio of the apertur~· 56 will preferably be greater than 
about 1.5: l; more preferab~)f t'.he aspect ratio of the aperture 56 
will be at least about 2:l;·:·and most preferably the aspect ratio 
will be at least about 3:1. 

A prong 22 having an azimuthal angle may also be produced 
using an aperture 56 having ·a: dominant area on one side of the 
machine direction centerline of the aperture 56 and having an 
aspect ratio greater than abou~ 1.5:1. Without being bound by any 
particular theory ·it is belj~ved that a prong 22 having a weak 
axis and· a bending axis an{ having a footprint with a dominant 
area wi 1 l be more 1 i ke ly : <te> orient towar~ the side of the 
footprint having the domin~rit area. Therefore, an aperture 56 
having an aspect ratio great~~-than about.1.S:l, having a dominant 
area, and being oriented ;orb·th.e print cylinder 73 such that the 
major axis m-m of the apertu~ 56 generally corresponds with the 
machine direction centerli~'~'.)of the aperture 56, will produce a 
prong 22 having an azimutha1·f~n~le of about 90 degrees relative to 
the machine direction. ' Thi: ·mtjor axis m-m and the machine 

.. ··i' ... 

direction centerline. 65 cor~~spond with each other when they are 
generally oriented in th(<~~ direction, i.e. are generally 
parallel to each. other or 1 ~enera,ly overlap eac'1 other. 

a • •.. ·;:. 

As used herein the tefmO:.•machine direction centerline" refers 
to the center1 in~ of th{:a~eft~re 56 in the machine direction. · 
The macMne di-rection c~:nt~t-:line of the aperture 56 ·can be 
determined as follows. Fi~~ii a line is drawn, parallel to the 

,_":.: .. 

~: . . ., 
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machine direction, passing through a point.on the perimeter of the 
aperture 56 farthest out ih the cross-machine direction on one 
side of the aperture 56. A s·ee,ond line is· draWri, parallel to the 
machine direction, passing th,roµgh a point on the perimeter of the 
aperture 56 farthest out in the cross-machine direction on the 

. other side of the aperture S6l These lines, shown in figure 11, 
will be referred to as the remote parallels 66 and will represent 
the boundaries of the width of the aperture 56 taken perpendicular 
to the machine direction. As· (lsed herein the phrase •wtdth of the 
aperture 56 taken perpendiculat to the machine direction", refers 
to the distance betwet?n the re.mote parallels 66, i.e. the length 
of a line segment drawn between and perpendicular to the remote 
parallels 66. The midpoint ~f the width of the aperture 56 taken 
perpendicular to the machine direction, is detennined and a line 
is drawn, parallel to. the machine direction, passing through the 
midpoint. This 11ne represents the machine direction centerline 
65 of the aperture 56. 

As used herein the tenn·•dominant area• refers to the portion 
of the sectional area of t~e aperture 56 on one side of the 
machine direction centerline· 65 which i-s greater than the portion 
of the sectional area of the aperture 56 on the other side of the 
machine direction centerline· 65. If the sectional area of the 
aperture 56 is symmetrical .;!b()ut the machine direction centerline 
65, then the aperture 56 will ·not have a dominant area such as in 
Figures 12 and 13. As used ·berein the tenn •sectional area of the 

. - . . 
aperture" wi 11 refer to the · s.ectiona l area of the aperture 56 at 
the surface. of the print cyl'itjder 73 or other depositing member. 

As a non-limiting exampl~ of an aperture 56 having a dominant 
area and having a major axi:s .m-m generally corresponding with the 
machine direction centerli~e,'.'65 of the aperture 56, Figure 11 

. ~- . . . 
shows an aperture 56 'whichU:.~~s a sectional area generally of an 
isosceles triangle "wiih th~:; base of the isosceles triangle beil)g 
generally parallel :io the ~~~h~e direction and being longer than 

. .~;' ··. . 

each of the other :sides. Th~ ·machine direction centerline 65 of . :'. " .. ; ·; ·: .• 

the aperture 56 ·ha~. been.:, .~etermined by the method described 
: '· .:.' ·, 

hereinabove, and the dominant area 69 of· the aperture 56 is the 
·-----·----·--·--·-------------·--·--·-, portion of the aperture 56 -s~:ctional area which h to the right of 

1ii1ii1lf 
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the machine direction centerline 65~ The remote parallels 66 are 
positioned on each side of the machine direction centerline 65 and 
pass through the points on the per;meter of the aperture 56 
farthest out in the cro,ss-mach,ine direction. The major axis m-m 
of the aperture 56 ·generally corresponds with the machine 
direction centerline 65 of the aperture 56. A prong 22 produced 
from an aperture 56 of this type will tend to orient toward the 
side of the footprint having the dominant area 69 and w111 be 
oriented generally in a direction having a vector component in the 
cross-machine direction of the substrate 24. The aspect ratio of 
the aperture. 56 of Figure U preferably ranges from about 1.5:1 to 
about $:1. Hore preferably, the aspect ratio of the ape_rture 56 
will be about ,2:1 to abo.ut 4:}:, and in a preferred embodiment the 
aperture 56 will have an aspect ratio of about 2.3:1. 

It should also be understood that azimuthally angled prongs 
22 may· be· produced by using a combination of various methods. A 
nonlimiting example of the use of combinations of methods is the 
use of gravitational force and a pressure differential across the 
plane of the substrate 24 in combination to impart an azimuthal 
angle to the prongs 22. Another non-limiting example is the use 
of gravitational forces and a rotating severing means in 
combination to impart an azimuthal angle to the prongs 22. A 
third non-limiting example is the use of a pressure differential 
across the plane of the substrate 24 in combination with a prong 
22 having an e 111 pti ca 1 footprint. Many other methods of 
imparting an azimuthal angle to the prongs 22 will be apparent to 
one skilled in the art, as. will the various combfoations of 
methods. 

ILLUSTRATIVE:ARTICLE OF USE 
:· .. . : . 

~n illustrathe and nonl.im;ting example of the usage of the 
fastening system 120 of th.e: present invention in an article of 
manufacture follows and. is· ill.ustrated in Figure 6. Mechanical 
fastening systems hav~. been advantageously .used in· disposable · 

·. . . . :- -

absorbent articles a~ : (iisclosed in U.S. Patent No. 4,846,815, 
; .. . . : . 

filed on Dec:e~ber _l~i,' · 1~8?, in· the name of Scripps, which 
reference is incorporated here n by reference for the purpose of 
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showing a diaper 110 structure.;and the advantageous utilization of 
mechanical fastening systems ·~O·in such diaper 120 structures. 

It is known, for exainpl;~:{ that mechanical fastening systems 
. ··: .:··, 

are less easily contaminated 'bi oils and powders than are adhesive 
tape fastening systems 'a~d,>f~tther, may be easily reused. All ·of 
these features provide adva.~~ages when applied to a disposable 
diaper intended for· use ori .an' infant. Also, a refastenable 
fastening system provides th,i advantage that the infant may be 

·checked to see 1f soiling of' the d_isposable diaper has occurred 
during the wearing period. 

Referring to f.t~ure 6, ~here is shown a disposable diaper 110 
. . 

intended to be worn about the 'lower torso. by an infant. As used 
herein, the term •disposable absorbent article" refers to a 
garment generally worn. by ·1nf,ants or incontinent persons and which 
is drawn between the legs, fastened about the waist of the wearer 
and intended to be discard~ after a single use and not to be 
laundered or rest~red. A •,disposable d·iaper• is a particular 
disposable article intended ,a~d scaled to be worn by an infant. 

A preferred diaper llO":comprises a liquid pervious topsheet 
112t a liquid impervious bat~sheet 116, and an absorbent core 118 

intermediate the topsheet ti~', and backsheet 116. The topsheet 112 

and backsheet 116 are at le~st · partially peripherally joined to 
ensure. the core US is held_<~~ position. The diaper llO elements 
may be assemb 1 ed in a vari et( of configurations we 11 known to on~ 
skilled in the art, with preferred configurations being generally 
described in U.S. Patent N~; .. :. 3,860,003 issued January 14, 1975 to 
Buell, and U.S. Patent No.Y''.ii~·.699,622 issued October 13, 1987 to 
Toussant et al., which,, ·.p.tents are incorporated herein by 
reference for the piirpo~e·/~f disclosing particularly preferred 

,· '· ··:·.:. 

diaper configurations. __ ;,· · 

The topsheet :n2 a"~{'b~c~sheet 116 of the diaper 110 are 
; ' . :. .. ~ ' . 

generally coextensivE! and 'at;.-:1east partially peripherally joined 
together as not:ed .· .•abov,~I,/; .. J~ining of the. topsheet 112 and 
backsheet 116 m-y be< acc()llli>li'slied by a hot-melt adhesive, such as 
Adhesive No. i~;~s.: \'a'.nu,~act~red by the H.B. Fuller Com~any of 
Vadnais Heights,·· M1'nties'ota,:·.:!)s110. The absorbent core 118 has 
length and width dimensidrls generally less than that · of the 

.·., .\ ··. 
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topsheet 112 and backsheet 1:J6 .. · The core 118 is interposed 
between the topsheet 112 and ba~ksheet 116 in fixed relationship. 

The diaper 110 periphery:c~mprises oppositely disposed first 
and second ends 122 and 124Y···:·The diaper 110 has .a first waist 
portion 142 and a second wafstj)ortion 144 extending respe~tively 
from . the first end 122 and·: :~econd end 124 of the di aper 110 
periphery towards the lateral centerline of the diaper 110 a 
distance of about one-fifth tc{ about one-third the length of the 
diaper . 110. The waist por:ti.ons 142 and ~144 comprise those 
portions of the diaper no whi~'1t when worn, encircle the waist of 
the wearer and are generally at the highest elevation of the· 
diaper 110 when the wearer ·,b·. in the standing position. The 

crotch 146 of the diaper 110:: is that portion of the diaper 110 
disposed between the first ~nd second waist portions 142 and 144 
and which, when worn iS pos;t{gnedbetween the legs of the wearer. 

The absorbent "core" is_~,Y means for absorbing and retaining 
liquid body exudates. The absorbent core 118 is generally 
compressible, conformable, and nonirritating to the skin of the 

. '... ·. 

wearer. A preferred core HS> has first and second opposed faces 
and may, if desired, be further encased by tissue layers. One 
opposed face of the core 118 is oriented towards the topsheet 112 
and the other opposed face Js:oriented towards the backsheet 116. 

The absorbent core usi:-·~·s superimposed on the backsheet 116 
and preferably joined theretcf by. any means wel 1 known in the art 
such as adhesive bonding. Iij·:a particularly preferred embodiment, 

: .. ·;. 

the adhesi-ve bonding·which·join~.the core 118 to the backsheet 116 
is accomplished by applying:,·~dh~s'ive in the form of a spiral. The 
backsheet 116 is impervi~~{: ·to liquids and pr~vents liquids 
absorbed by and contained 'iW.>¥he ab~orbent core 118 from wetting 
undergarments, clothing, ·,tj~d~1ng and any other objects which 
contact the diaper 110. :,'As:_.'used herein, the term "backsheet" 
refers to any barrier di,s·p~s~~, outwardly .of the core na· as the 

-, . ~ ' . 

-diaper 110 is worn and whic~;~~htains absorbed. liquids within the 
.. :~ ::. .. <,'. 

di.aper 110. Preferably, t,tle>b~ckstteet 116 is a polyolefinic film 
of about 0.025 t~ ab~u~' 0:.'03o mm (0.001-0.0012 inches) in 
thickness. A polyethylene'\fiJm is particularly preferred, with 

-----------·---·-··-.. ·-----·--·-·-----·---suitable films being man~f:actured by Tredegar Industries of 
. . :·: .. :. 

1iiiiHf· 
"-:;;· 
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Richmond, Virginia, 23225 and the Clopay Corporation of 
Cincinnati, Ohio, 45202. lf desired, the backsheet 116 may be 
embossed or matte finbhed tp ;provide a more clothlike appearance 
or be provided with passages to permit escape of vapors. 

The topsheet 112 ,;s. c"Oillpliant, tactilely pleasing and 
nonirritating to the wearer's skin. The tops~eet 112 prevents 
contact of the absorbent core 118 and Hquids therein with the 
skin of the wearer. The *opsheet 112 is liquid pervious, 
permitting liquids to readily. penetrate therethrough. As used 
herein, the term •topsheet• refers to any liquid pervious facing 
which contacts the skin of the wea_rer while the diaper 110 is 

being worn and prevents the -<=~re 118 from contacting the skin of 
the wearer. The topsheet 112 may be made of woven, nonwoven, 
spunbonded or carded materials. A preferred top sheet 112 1 s a 
10. polypropylene nonwoven, ·carded or spunbonded by means to 
those skilled in the nonwQven fabrics art. A particularly 
preferred topsheet 112 has a Weight of about 21 to about 24 grams 
per square meter, a minimum: 'dry tensile strength of about 138 
grams per centimeter in the 1nach1ne direction and a wet tensile 
strength of at least about 80 grams per centimeter in the 
cross-machine direction. 

The diaper 110 is provided with a fastening system 120 and 
receiving surface 153 for ••1ntaining the first waist portion 142 
and second waist portion· 14:~ · :~n an overlapping configuration when 
the di aper 110 is worn, so th~t the di aper 110 .; s secured to the 
wearer. Thus, the diaper 11~;-is fitted to the wearer and a ·side 

-·.·.·.·: 

closure is formed when the f~·~·tening system 120 h secured to the 
receiving surface 153. 

The fastening system I2Q;. should resist the separation forces 
which occur during the we-~:ing ·period. The term "separation 
forces" refers to forces attJng on the fastening system 120 and 
receiving surface 153 which'.l~nd to cause separation, release or 
removal .of the fastening '.sj~~em 120 from the receiving surface 
153. Separation f~rces i~C:lijde both shear and peel forces. The 
tenn "shear force" refers ito( distributive forces acting generally 
tangential to the receivin~::~·urface 153 and ~hich may be thought 
of as bei_'.ng generally parall~l to the plane of the substrate of 
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the fastening system 120. The tenn •peel forces" refers to 
distributive forces acting in . the generally longitudinal 
direction, and perpe.ndicular to the plane of the receiving surface 
153 a~d fastening system ~20 substrates. 

S~ear forces are measured by tensile pulHng of the fastening 
syst- 120 and ·receiving surface 153 in opposite directions 
generally parallel to the planes of the respective substrates. 
The method used to determine· the resistance of a fastening system 
120 and receiving surface 153 to shear forces is more fully set 
forth. in U.S. Patent No. 4,699,622 issued October· 13, 1987, to 
Toussant et al., which patent 1:• incorporated herein by reference. 

Peel forces are measured by tensile pulling of the fastening 
system 120 from the receiving surface 153 at an included angle of 
about 135•. The method used to determine the resistance of a 
fastening system 120 and receiving surface 153 to peel forces is 
more fully set forth in U.S. Patent No. 4,846,815, filed November 
18, 1987 in the name of Scripps, which reference is incorporated 
herein by reference for the purpose of describing the measurement 
of peel forces. 

·Separation forces are typically generated by movements of the 
wearer or by the wearer trying to unfasten the diaper 110. 
Generally, an infant should not be able to unfasten or remove a 
diaper 110 the infant is wearing, nor should the diaper 110 come 
unfastened in the presence of ordinary separation forces which 
occur during normal wearing. However, an adult should be able to 
remove the diaper 110 to change it when soiled or check to see if 

soiling has occurred. Genel"~lly, the fastening system 120 and 
recei~ing surface 153 should. ,-.. ~sist a peel force of at least 200 
grams, preferably at least: ab~ut 500 grams, and more preferably, 
at least about 700 grams. F~rthermore, the fastening system 120 

and receiving surface 153 ~hC)~ld resist a shear force of at least 
500 grams, preferably af' ::le~st about 750 grams, and more 
preferably at least ~bout 1:,9.oo',grams. 

: ., •• <: .• '. 

The receit,(ing; surf:ace~1 .• ~~,~ay be disposed in a first position 
anywher~ on .the :diap~r· 110~·· i~o'.;long as the recei.ving surface 153 

engages the fasteningme~ns t~ maintain the first and second waht 
-···-----·· ····-·--·-·----·-··---····---·--·---- portions 144 in an overlapp~ng configuration. For example, the 
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receiving surface 153 may be dt~posed on the outside surface of 
the second waist portion 144, ori the inside surface of the first 
waist portion 142, or any other position on the di·aper 110 on . .·., 

which it is disposed so as te> .engage with the fastening system 
120. The receiving surface · l~ may be integral, a discrete 
element joined to the diaper 110, or a single piece of material 
that is neither divided or discontinuous with an element of. the 
diaper 110, such as the topsheet 112 or backsheet 116. 

While the receiving.surface 153 may assume various sizes and 
shapes, the receiving surface 153 preferably comprises one or more 
integral patches positioned act,»ss the outside surface of the 
second waist portion 144 to al_lc>w for maximum fit adjustment at 
the waist of the wearer. As illustrated in Figure 6, the 
receiving surface 153 1s. preferably an elongate rectangularly 
shaped integral member ~ecured to the outer surface of the second 
waist portion 144. 

A suitable receiving surface 153 · is a nonwoven fabric, 
stitchbonded or any other type of fiber or loop material well 
known in the art. The receiviog surface 153 may be manufactured 
from a variety of materials ~ich provide fiber elements, and 
preferably 1 oops capable of b•i!'~ intercepted and retained by the 
engaging· means. Suitable materials include nylon, polyester, 
polypropylene and combinations of the foregoing. A suitable 
receiving surface 153 comprises a number of fiber loops projecting 
from a 11toven and is comerciaJly available as Scotchmate brand 
nylon woven loop No. FJ34()1, ;sold by the Minnesota Mining and 
Manufacturing Company of st.'.: ;~:·ul, Minnesota. Another suitable . '· ~~ . 

receiving surface 153 comprtse's a tricot having a plurality of 
nylon filament loops projec:drig from a nylon backing and is 
conmercially av~ilable from: ~fa ford Mills of Greensboro, North 
Carolina and designated Gil,fo,rd No. 16110. A particularly 
preferred receiving surface :·i;5:,:: a polypropylene non-woven fabric 
having a basis weigh~ of. ab(t~t)11.1 grams per .square meter (0.5 

ounces per square yard) ~~d• .by/any suitable conunercial carding or 
spunbonding processes ·such !i .;a,~:. those available from Veratech 
Nonwoven Group of the ·Inte~l\~~ional Paper Company of Walpole, 

··-·- -·-·--··- --------·---·····-··-···-------···----·- Massach11setts, 02081. 
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· The fastening system 120 is intended to engage the 
complementary recehing surfac'.e 153 to provide a secure flt for 
the diaper 110. The fastenin9,= system 120 may comprise any of the 
well known configurations uti:li'zed for ach-ieving a side closure on 
a di~posable diaper 110. Th~(fastening system 120 substrate is 
joined to the diaper 110 in ·sp'aced relationship from the receiving 
means 153. As shown on Fig_ure 6, the fastening system 120 is 
preferably disposed on both, !the first and second longitudinal 
sides of the diaper 110. 'A' preferred configuration for the 
fastening system 120, minimi~es any potential contact between the 
prongs.of the fastening system 120 and the skin of the wearer. A 
preferred fastening system 120 disposition is a Y-shaped tape 
arrangement, describe~ in detail in U.S. Patent Ho • . 3,848,594 
issued November 19, l974 to Buell. An alternatively preferred 
fastening system 120 arrangeO-ent is described in detail· in U.S. 
Patent No. 4,699,~22 issued October 13, 1987 to Toussant et al., 
both of which patents are incorporated herein by reference for the 
purpose of illustrating various placements of the fastening system 
120 on the disposable diap~r 110. A particularly preferred 
fastening system 120 · disposi_t;on is a single tape tab attached to 
only one side of t~e diaper. this type of fastening system 
arrangement is well known ln the disposable diaper art and a 
non-11miting example of this· type of fastening system arrangement 
is described in U.S. Patent, ,No. 4,846,815 issued July 11, 1989 to 
Scripps, which is incorporated'herein by reference. 

The fastening system l?O:,_o,.f Figure 6 has a manufacturer's end 
156 and an oppositely 'dispo~ed: 'user's end 158. The manufacturer's 
end 156 is joined to the d'fa~~r 110, preferably in juxtaposition 
with the first waist porti~~ :l42. The user's end 158 is the free 

' .. 

· end and is secured to the t~~eiving surface 153 when the diaper 

----- -~ -- --- -------- -

iiiiUf 

110 is secured to the weare.r. 
After the di•per 110 t~: fitted about the waist of the wearer, 

the user's end 158 :of th,ejf,astening_ system_ 120 is releasably 

secured to the recei'ving $~~fatel53, and preferably positioned on 
the second waist' p~~£i~iri t44''~, thereby causing the diaper 110 to 
encircle the waist o·{t'.he 'wkai'er~ The diaper 110 has now effected 

~ . ' . 
a ·side closure. The prongs;, '{t1ot shown) extend from the fastening 
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system 120 of the user's end 158 so that the prong engaging means 
intercept the strands of "the r~c~iving surface 153. 

A fastening system 120 ,an~ complementary receivi.ng surface 
153 which provides a resista~c:'.e· to peel forces in excess of 400 
grams and a resistance to sh~~t forces in excess of 1,000 grams 
may be constructed as followsatcording to the specific parameters 
of the fastening system 120 ·set forth in the aforementioned 
•Process OT Manufacture.• The complementary receiving surf•ce 153 . .. 

used 'in conjunction with the fastening system 120 is the 
aforementioned polypropylene nqn-woven fabric. 

. . . . ~ .· .. 

The fastening system 12() )s at least about 2.54 centimeters 
(1 inch) in width and may ;.,~ of any length which provides a 
convenient user's end 158, with· a length of at least about 3.5 
centimeters (1.4 inches) being.·preferred. The array of the prongs 
of fastening system 120 compri.~es a matrix having about 256 prongs 
per square centimeter '(1600 :~r~ngs per square inch). The prongs 
are preferentially oriented i~ substantially the same. direction 
and are p~ferentially oriente~ toward the manufacturer's end 156 
of the fasteni.ng tape when the disposable article is in use. 

In use, the diaper 11~ is applied to the wearer by 

. positioning the first waist ~ortion 142 around the wearer's back 
and ~rawing the remainder of the diaper 110 between the legs of 
the wearer so that the seconcfwaist portion 144 is disposed across 
the front of the wearer. Thf! user's ends 158 of the fastening 
system 120 are then secured>to the receiving surface 153 on the 
outside surface of the sec~,.~~-- waist portion 144 to form a side 
closure. . .. 

While particular embod{~~nts of the present invention have 
been illustrated and descf{b.d, it would be obvious t~ those 
skilled in the art that va~ious other changes and modifications 
can be ntade without depa~.i-~g from the spirit and scope of the 
invention. lt is thereforti':',I~ntended to cover in the appended 

. . ······· .•.. . 

claims all such ch•nges an<J':modifications t~at are within the 
scope of. this invention. , . ? .· .. 

. · ... ::!.-: 
.· ·.; 
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What is claimed is: 

1. A method for manufacturtllg a fastening· system having .one or 
11Dre free formed prongs~ _:~he method comprising the steps of: 
forcing a 1DOlten th-~lly sensitive material through 
apertures of a depositi~g···r; depositing discrete amounts 
' . ·" .. '··:·.· 

of said molten the,..lly sensitive material from said 
.· ~~ 

.~pertures onto a subs~r~te; stretching a portion of said 
d.iscrete amount of mol:i~~ thenaally sensitive material in a 
direction having a vectp;·. component parallel to the ·plane of 
the substrate to form a :prong; and solidifying sai_d molten 
thermally sensitive materjal of said prong, said prong having 
a base, a shank, and an engaging rneans. 

2. The method of Cla·im , wherein said depo:51ting member 
comprises a screen, pref•rably a print cylinder. 

3. The method of Claim 2 ·:wherein said print cylinder comprises 
64 apertures · per squ~r~ centimeter to 1600 apertures per 

4. 

5. 

·square centimeter, pr~f~rably 100 apertures per square 
centimeter to 900 ap•r~~res per square centimeter, more 
·preferably 144 apertiJ~~s per square centimeter to 576 

-.:apertures per squar~~·: •. centimeter, most preferably 256 

·apertures per square ¢.~nd~eter. 

The method of Clailll't:,2f wherein said depositing member 
comprises a· porous ;.ojj: having an internal reservoir and 

_ wherein said step of ?f.6~cing said molten thermally sensitive 
·material through sai'd:·.pertures comprises supplying molten 
thermally sensitive m~t~rial under pressure to said internal 
reservoir. 

The method of any oftth~:: preceding claims wherein at least 
.:· :.:· .. ·. . _., 

· one of said apertures: pf. said depositing member has a major 
:·•,·:. 

' axis and a minor axf~{.: said minor axis being oriented in a 
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direction other than the ~achine direction of said depositing 
member, preferab 1 y in :the cross machine direction of said -
depositing member~ such that the resultant prong has an 

. azimuthal angle. 

6. The method of any of Claims 1, 2, 3, or 4 wherein at least 
one of said apertures .has ·a major axis, a minor axis and a 
dominant area on one side of the machine direction 
centerline, with the dominant area preferably comprising at 
least 75% of said aperture's total sectional area. 

7. The method of any of the preceding claims wherein at least 
one of said apertures has an aspect ratio greater than l.5:1, 
preferably greater than 2: 1, more preferably greater than 
3:1. 

8. 

9. 

A fastening system·for •ttaching to a complimentary receivin_g 
surface said fastening system being manufactured according to 
the method of any of the·:preceding claims. 

An absorbent article comprising: 

an outer cover coinprising a topsheet and a backsheet 
joined with said ;topsheet; 

an absorbent cot.E!/J>Ositioned between said topsheet and 
said backsheet; -~~, 

a fastening systen(:manufactured according to any of the 
preceding claims.:joined to said outer cover, preferably 
to said backsheei) 

10. An absorbent article ~9fttP,rising: 

an outer cover :;e~prising a topsheet and a backsheet 
joined with said topsheet; 

-~-...:---- , .... 
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an absorbent core positioned between said topsheet and 
said backsheet; and 

· at least one fastening tape having a user's end and a 
manufacturer's end, said manufacturer's end being joined 
to said outer cover and the fastening system according 
to any of the preceding cl aims being ·joined to said 
user's end. 


