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REFASTENABLE VECHANI CAL FASTENI NG SYSTEM ATTACHED TO SUBST W I O\I
FI ELD OF WAES4ZRRANTI ON The present invention relates to refa@ﬁ 03
nechani cal fast eni ng systems, nore partlcul rly to fastening systens having

free formed prjongsattached to the t.rudi rt e and
te process off manuf actur|WW$§EEMﬁﬁ§%§&0M%%%%§@THE
| NVENTI ON :Ref ast enabl e mechani SETACHBI TON§UBSTRATE PROTREISIONhown in t he
art. Typically, such fastening systens involve two najor conponents, a

prong that is joined to a substrate that engages with a conpl enentary
second conponent, the receiving surfE&QQﬁI%Mt he prong of the.
fasteni ng system penethat fiesdnf GnveditiSh ielitesSt réfaferdblt Rechtica NERBRiRg Ofystems,
intercepts strands or

Lbers of the.receiving surf The resul tin
nechani cal i nter\“EF%ri@é"%\-ﬁ%‘?)bt‘l?/sf?%%ﬂ“‘%ﬁﬁtﬁaég‘laHnggs?/efﬂfm?delPﬁq}ﬁs %P?‘Pe to the
f ast eni ng syst empfotauding portivheof/ ansubstraté ceme  thet priocdsh eofs mpaufacturing fsucltefastemng
exceed either thg s?e%% or shear strength of the fastening system

B ROUND OF THE INVENTION

Refastenable mechanical fastening systems are well known in the art.
Typically, such fastening systems involve two major components, a prong that is
joined to a substrate that engages with a complementary second component, the
receiving surface. A projection of the prong of the fastening system penetrates the
receiving surface and either engages or intercepts strands or fibers of the receiving
surface. The resulting mechanical interference and physical obstruction prevent

removal of the fastening system from the receiving surface until the separation forces

exceed either the peel or shear strength of the fastening system.

Refastenable mechanical fastening systems have been disclosed by a number of
references. Examples include: U, S, Patent No, 2,717,437, issued September 13, 1955
to de Mestral; 1S, Patent 3,009,235 issued November 11, 1961 to de Mestral; U.S,
Patent No. 3,147,528, issued September 8, 1964 to Erb; U.S, Patent No. 3,594,863,
issued July 27, 1971 to Erb; U.S. Patent No, 3,708,833, issued January 9, 1973 to
Ribich et al.; U.S. Patent No. 3,943,981, issued March 16, 1976 to De Brabandar;
1.S. Patent No, 4,216,257, issued August 5, 1980 to Schams et al.; U,S, Patent No.
4,307,493, issued December 29, 1981 to Ochiai; LLS_.M.A.M issued
May 25, 1982 to Ochiai;_U.S. Patent No. 4,454,183, issued June 12, 1984 to
‘Wollman; U.S. Patent No, 4,463,486, issued August 7, 1984 to Matsuda; U.S. Patent -
No, 4,984,339, issued January 15, 1991 to Provost et al.; 1U.S. Patent No. 5,058.247
issued October 22, 1991 to Thomas et al. and 1U.S. Patent 5,116,563 issued May 26,
1992 to Thomas et al. An additional reference of interest includes: European Patent
No, 27§.27Q' , filed January 26, 1988, by the Procter & Gamble Company in the name
of Scripps. '

It is an object of the present invention to provide a free formed mechanical
fastening system attached to a protrusion located on the substrate surface, the prong is
produced by a method of manufacture similar to gravure printing. However, instead
of utilizing an engraved print roll, a substrate having protrusions is used. It is also an
object of this invention to provide a fastening system attached to protrusions on the
substrate which have tapered prongs that do not perpendicularly project from the
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Ref astenabl e mechani cal fastenl ng systens have been disclosed by a nunber
of Pef er e@84283npl es include: U S. Patent No. 2,717, 437, 821’03475
Sept enber 13, 1955 to de Mestral; U.S. Patént 3,009, 235 i ssued Noverber 11,
1961 to de Mestral; U S. Patent No. 3,147,528, issued Septenber 8, 1964 to
Erp; U S. Patent No. 3,594,863, issued July 272 1971 to Erb; U.S. Patent
No. 3,708,833, issued January 9, 1973 to Ribich et al.; U S. Patent No.
3,943,981, issued March 16, 1976 to De Brabandar; U S. Patent No.

4,216, 257, i ssuedasfoiated substra@80 to Schams et al.; U S. Patent No.
4,307,493, i ssued Decenber 29, \ .S NerNey 4, 330, 907,
|ssued May 25, 1982 to Cchiai;
1984 to Wl | man; U.S. The iswention. compusss a@swnime@nm@ebus affixed) yprotsusions on a

Matsuda; U.S. Pat &mN@ which>&tacid &Pa cbxﬁgcéﬁ:éné?,nk&ém Surfa® IThOfAtening Syste has

al.; US. Patent. 5, 058, 247 .1 ssue 190) Th
US Patent 5, 1164 |°§§l}l§atf'r\?é‘|§i‘ 2% g&éw‘?@r i‘}\’éﬁﬁé"gta‘é%s‘ Rﬁggs@& ‘{"F‘Bﬁddlpm“gs

reference of int eattashed tocthe geotrusion| opraprisifi a dase, Shank2ind eafaging meens. JHineibasg of

26, 1988, by the ﬁéﬁgéﬁvﬁo%HW&%ecngQ% Pﬁu gﬁg& R ofthe 'sibstfte.

obj ect of the prese ron to ree an| cal
k is contiguous with and projects outwardly from e base. The engaging

means is Jomed to the 'shank and projects laterally beyond the periphery of the shank.
The shank is nonperpendicularlj oriented relative to the plane of the substrate. The
shank has a leading edge and a trailing edge defining a leading angle and trailing angle
respectively. The leading angle and trailing angle are substantially different from each
other, so that the sides of the shank are nonparallel. '

The fastening system may be made according to the process comprising the
steps of heating a thermally sensitive material sufficiently to reduce its viscosity for
processing, and preferably to at least its melting point. A means to deposit discrete
amounts of the heated material is provided. The substrate having protrusions to which
the material is to be joined is transported in a first direction relative to the means for
depositing the material. The material is deposited upon the protruding portions of the
transported substrate in discrete amounts. The discrete amounts of material are then
stretched in a direction having a component generally parallel to the plane of the
substrate and the stretched material is severed to form a distal end and engaging
means.

An illustrative and .suitable, but nonlimiting, use for the fastening system

~ produced by the process of the present invention is in conjunction with a disposable

absorbent garment, such as a diaper. This example of one usage of the present .

invention is more fully described below.
BRIEF DESCRI N OF THE DRAWINGS

While the Specification concludes with claims particularly pointing out and
distinctly claiming the invention, it is believed the invention will be better understood
from the following description taken in conjunction with the associated drawings in
which like elements are described by the same reference numeral and related elements
are designated by adding one or more prime symbols or incrementing the numeral by
© 100: S - '
Figure 1 is a perspective view of a single prong of the fastening system of the
present invention placed updn a substrate protrusion. The substrate protrusion is an
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fastenl'ng, system attached-to- a protru5| on | ocated on the substrate surface,
the prong We 9%22339ced by a nmethod of manufacture similar to FCIMNE034T6
pri®¥nting. However, instead of utilizing an engraved print roll, a substrate
havi ng protru3|ons is used. It is also an object of this i nvention to
prpvide a fastening systemattached to protrusBons on the substrate which
have tapered prongs that do not perpendicularly project fromthe 2
associ ated substrate. BRI EF SUMVARY OF THE | NVENTI ON The invention

conpri ses a fasteghpsgssystemwhich is affixed to protrusions on a substrate”

whi ch attach to a conplLene recej.vi urf.ac The fas ning s

at | east one protru3|rrp lgB’ff'r% ngﬁ@ﬁ?ﬁfﬁg%"ﬁgﬁgw gfals 5%5 4&5@%?&'&&1@
f-ormed prong, at tsystesustowntindiguretlt usi on, conprising a base, shank and
engagi ng neans. The bag uféf ishfsdﬁéﬂgﬂc Eﬁlele?évgﬁgnaﬁ%é\&hﬁnﬂfa?w Figre 2 HeWever, the

surface of the prsout rstllj'asté protrusmn ?s Sz’;ural area The raised area comprises two attachment
surfaces; a prong attachment surface and a substrate attachment surface.

Figure 4 is a schematic elevational view of a second embodiment havmg a
generally semxsphencally shaped engaging means placed upon an emboss.

Figure 5 is a schematic side elevational view of one apparatus which can be
used to produce the fastening system of the present invention.

Figure 6 is a perspective view of a fastening system of the present invention
wherein the engaging means are oriented in substantially random directions and placed
upon an emboss.

Figure 7 is a schematic side elevational view of another apparatus which can be
used to both emboss a suitable substrate and produc&.the fastening system of the
present invention.

Figure 8 is a perspe'ctive_view of a disposable absorbent garment utilizing the
fastening system of the present invention. _ |

DETAILED DESCRIPTION OF THE INVENTION

By "p‘rotmsion," *protruding” or "protuberance” as used herein, means a
portion of the substrate or an element affixed to the substrate surface which is higher in
relief from the plane of the surface of the substrate, and has a surface to which a prong
can be joined.

By "prong attachment surface" as used herein, means that portion of a
protrusion or protuberance to which a prong will be joined.

The fastening system 20 of the present invention comprises.at least one prong
22, and preferably an array of prongs 22, joined to the protruding portion 23 of a
substrate 24 in a predetermined pattern. The prongs 22 have a base 26, shank 28 and
engaging means 30. The bases 26 of the pi'ongs 22 contact and adhere to the prong
attachment surface 25, of the substrate protrusions 23, and support the proximal ends
of the shanks 28. The shanks 28 project ouiwardly from the substrate protrusions 23.
The shanks 28 terminate at a distal end which is joined to an engaging means 30. The
engaging means 30 radially project laterally from the shanks 28 in one or more
directions and may resemble a hook-shaped tine. As used herein, the term “lateral”
means having a vector component generally parallel to the plane of the prong
attachment surface 25 at the principal prong 22 under consideration. The projection of
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The shank i s contiguous with and projects outwardly fromthe ba The
ehgagi nQVO842339 s joined to the shank and projects |ateral F§T 5%%7‘? he

Per i phery of the shank. The shank is nonperpendicularly oriented relative
to the plane of the substrate. The shank has a | eading edge and a trailing
£dge defining a | eading angle and trailing a‘hgl e respectively. The | eading
angle and trailing angle are substantially different fromeach other, so
that the sides of the shank are nonparallel. The fastening system may be
made accor di ng ancenghgingrmeans S0cfropr thei shgnk 28 peripheryoin & dateiah giractidnealtowd the

sensi tive Wateeng%.gelﬁgfrﬂeaﬁwa&{%etmre&'%%mym ' Reil R REAEE B Wowd)!

preferably to at ti.ng pos
. anounts of the HeANgaZiRg Maany 0 .I%qus\/mead mqf@aeummav@sw&% ntge distal end of

protrusions to tii ﬁhgtm WY b kppaderit ahd engagingemtearss 30 aiag [berjoindd ito tike piongt

direction rel at an 0Siyt4 n e materi al

I s deposited u 3rﬁ S{p&lrpgtb”ﬁmeﬁéﬂepg%?%%@dcﬁe &ﬁépg'?&?}% Fﬁ%’& %bst rate in

di screte anounts. Th%l @rmx raft prong® B2 tsay be rprodyuced | byaney tshitable methad; dacluding
direction havi ltheﬁ%é fi{;}m{ed %'29' ast @eshﬂsed%?d‘aaﬂﬁed hé‘rembelow .

Zﬁg:g[ %en: ggstAseusse}.i rhgxt'e?nh the te: oot e'rfree form muns a sttrct)chu% wh?chdils Sutc;{le ren(laorlred 6}’rom a
mold cavity or extrusion die in solid form or with a defined shape. The prongs 22 are
‘deposited onto the prong attachment surface 25 of the substrate protrusions 23 of a
noncontiguous substrate 24 in a molten, preferably liquid state and solidify, by cooling
until rigid and preferably freezing, into the desired structure and shape as described
hereinafter. _

A free formed array of prongs 22 is preferably produced by a manufacturing
process which is similar to that process commonly known as gravure printing. Using
this process, a substrate 24 having protrusions 23 is passed between the nip 70 of two
generally cylindrical rolls, a print roll 72 and a backing roll 74, as illustrated at Figure
5. The rolls 72 and 74 have generally parallel centerlines and are maintained such that
at least roll 72 is in a contacting relationship with the prong attachment surface 25 of
the protruding! portions 23 of the substrate 24 as it passe through the nip 70. One of
the rolls, referred to as the print roll 72, is smooth and is covered with a thin layer of
thermally sensitive material. As the protruding portions 23 of the substrate 24 passes
through the nip 70 between the print roll 72 and the second roll, referred to as the
bacldng roll 74, thermally sensitive material is deposited upon the prong attachment
surface 25 of the substrate protrusions 23. The pattern of substrate protrusions 23
correspond to the pattern of the prong array 22 which will be produced. During this
process the nip 70 should be fixed and open, having a gap sufficient to allow the
pattern of substrate protrusions 23 to contact and append adhesive material from the
smooth print roll 72. Liquid, thermally sensitive material, preferably thermoplastic
material, from which the prongs 22 are to be formed is supplied from a heated source,
such as a trough 80. The thermally sensitive material is introduced onto the smooth -
print roll 72 as it is rotated about its centerline. The smooth print roll 72 with the
thermally sensitive material spread upon its surface contacts only the substrate
protrusions 23, and preferably only the prong attachment surfaces 25. Therefore,
preferably, deposit of the thermally sensitive material is made exclusively on the prong
attachment surfaces 25 of the substrate protrusions 23.

__——————'—;"_‘—_-
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An illustrative and suitable, but nonlimting, use for the fastening system
praduced WO 24339 ocess of the present invention is in conj RERPS0ART6H o
di Sposabl e absorbent garment, such as a diaper. This exanple of one usage
of the present invention is nore fully described bel ow. BRI EF DESCRI PTI ON
OF;, THE DRAW NGS Wil e the Specification conclddes with clains particularly -
pointing out and distinctly claimng the invention, it is believed the
invention will be better understood fromthe follow ng description taken in

gonj ungt Idog Wlt th h the aﬁssgahe&eecaigﬂ@efneﬁts b’btweﬁ: ok la&a&.hﬁﬁwtssrfage% 25 of the
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Figure 1 is a perstprehed wdthvaclateril asorsporght generajlyoparaliel tonghe rplang ©f sthe nprohg

|to he present. L“;ﬁm&ﬂn&k SirEfbe W30 Bornifig! BR' hahiP 28 2Rl S Lifiaging Hfieahd 30! " Binglly, the
moil of the prong 22 is severed from the engaging means 30 by a severing means 78.
Due to the viscoelastic properties of the thermoplastic, the prong 22 retracts under the '
‘influences of gravity and shrinkage which occurs during cooling. The prong 22 then
cools, and preferably freezes, into a solid structure having the engaging means 30
contiguous with the shank 28. '

' The fastening system 20 is secured to a complementary receiving surface. As
used herein, the term "receiving surface” to which the engaging means 30 of the
fastening system 20 are secured refers to any plane or surface having an exposed face
with tightly spaced openings complementary to the engaging means 30 and defined by
one or more strands or fibers or, alternatively, which exposed face is capable of
localized elastic deformation so that the engaging means 30 may become entrapped and
not withdrawn without interference. The openings or localized elastic deformations
allow for entry of the engaging means 30 into the plane of the receiving surface, while
the strands (or nondeformed material) of the receiving surface interposed between the
openings (or deformed areas) prevent withdrawal or release of the fastening system 20
until desired l’y the user or either the peel or shear strength of the fastening system'20
is otherwise exceeded. The plane of the receiving surface may be flat or curved.

A receiving surface having strands or fibers, is said to be "complementary" if
the openings between strands or fibers are sized to allow at least one engaging means
30 to penetrate into the plane of the receiving surface, and the strands are sized to be
engaged or intercepted by the engaging means 30. A receiving surface which is locally
deformable is said to bé “complementary” if at least one engaging means 30 is able to
cause a localized disturbance to the plane of the receiving surface, which disturbance
resists removal or sepai'ation of the fastening system 20 from the receiving surface.

 Suitable receiving surfaces include reticulated foams, knitted fabrics, nonwoven
materials, and stitchbonded loop materials, such as Velcro brand loop materials sold by
Velcro USA of Manchester, New Hampshire. A particularly suitable receiving surface
is stitchbonded fabric Number 970026 sold by the Milliken Company of Spartanburg,
South Carolina. | | |

Referring back to Figures 2 and 3 to examine the components of the fastening
system 20 in more detail, the substrate 24 of the fastening system 20 should be strong
enough to preclude tearing and separation of individual prongs 22. The substrate 24
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3 enhoss.  Figure 2 is a schematic side el evational view of a single prong
of fhe faWWQ@ARB3ILystem shown in Figure 1. Figure 3 is a sch /8
el &vational view simlar to Figure 2, however, the substrate protrusion is
a raised ‘area. The raised area conprises two attachnment surfaces; a prong
atiachment surface and a substrate attachnment 6urface. Figure 4 is a
schematic el evational view of a second enbodi nent having a generally

sem spherical ly shaped engagi ng neans placed upon an enboss. Figure 5is a

schematic side el givald BOal sWERY that Qh&pameadtahaﬁng\huaﬂﬁoﬁannmﬂgsmm forming

produce L1 |0t R okl o R Pl 224 L Eff 3, el e 2 oy
engagi ng neans ar bvasaperatecattachmentisstfaces; @ prongrattadementisucfacd 3h o avhichpisgjeinad the
appar at us. v oh, E"f;‘g? A e s W e S N
the fastening syst siratg attachment surface forming a protrusion-substrate interface. e
substrate attachment surface 27 is sufficiently joined to the substrate 24 to avoid
separating from the substrate upon removal of the engaging means 30 from the
- complementary receiving surface. : o
Alternately, the substrate 24 should be sufficiently flexible and capable of being
stretched to form protrusions 23 which are embosses 19 as in Figure 2 The embosses
19, formed from the substrate 24 material contain a prong attachment surface 25 to
which is joined the base of a free formed prong 22 creating a base-prong attachment
surface interface. The prongs 22 will readily adhere and be capable of being joined to
an article to be secured as desired by a user. As used herein the term "join" refers to
the condition where a first member, or component, is affixed, or connected to a second
member or component, either directly; or indirectly, where the first member or
component is affixed or connected to an intermediate member, or component' which in
turn is affixed, or connected, to the second member or component. The association
between the first member, or component, and the second member, or component, is
intended to rémain for the life of the article. The "substrate® is any exposed surface
having one or more protuberances 23 consisting of embossed 19 or raised areas 21 as
illustrated in Figures 2 and 3, having a prong attachment surface 25 to which one or
more prongs 22 are joined.
The substrate 24 should also be caphble of being rolled, to support conventional
manufacturing processes, flexible so that the substrate 24 may be bent or flexed in a
desired configuration, and able to withstand the heat of the liquid prongs 22 being
deposited upon the prong attachment surface 25 of the substrate protuberances 23
without melting or incurring deleterious effects until such prongs 22 freeze. The
substrate 24 should also be available in a variety of widths. Suitable substrates 24
capable of supporting protuberahces 23, include knitted fabric, woven materials,
nonwoven materials, rubber, vinyl, films, particularly kraft paper and preferably
polybleﬁnic films. White kraft paper having a basis weight of 0.08 kilograms per
square meter (SO pounds per 3,000 square feet) has been found suitable.
The base 26 is the generally planar portion of the prong 22 which is attached to
the prong attachment surface 25 of the substrate protuberances 23 of the substrate 24
and is contiguous with the proximal end of the shank 28 of the prong. - As used hérein, -
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-present |nvent|on Figure 8 is a perspective view of a disposabl e absorbent

gar Fent utwoisai2eazet he fastening systenlof the present I nvent PCR/USDE®N76 ED
DESCRIPTICN OF THE I NVENTION By "protrusion," "protruding" or
"protuberance” as used herein, means a portion of the substrate or an.

el gment affixed to the substrate surface which7is higher in relief fromthe
pl ane of the surface of the substrate, and has a surface to which a prong
can be joined. By "prong attachnment surface" as used herein, neans that

portion of a prot &“Snﬁk@‘g 'Béseprrgkk@ﬁfﬁﬁpﬁ‘oﬁlﬁn‘mtﬁ@ pfon zznahwhhk xmmeed Biflact with

o 352" o e Sk e g5 5 ok T S bk T of

portion 23 of a splomgrat eItZs“rnbtfhe%e itei demadatiot beeappare*ﬁhbemeenghe Basel2ov/and

cont act and adner @ﬁt%?gi%ﬁy”ﬁive%ﬁéwﬂi}?fﬁ%}e%@ SO TR P B 26 anc

protrusi ons 23, athat ﬁwplp%ct%tnm spparate rfrom dhel prang athdmmmursnéa@eﬁ Puoing isek sThe

28 project outwargie 26" @bt saetic- hdulPprovide Quffitddn? Sfuchiral integrity, and hence area, for
the desired peel and shear strengths of the fastening system 20, based on the density of
the pattern of prongs 22 and length of the shanks 28 of the individual prongs 22 and
further provide adequate adhesion to the prong attachment surface 25. If a longer
shank 28 is utilized, the base 26 should generally be of greater cross sectional area
providing sufficient adhesion to the prong attachment surface 25 and adequate
structural integrity.

The shape of the footprint of the base 26 on the prong attachment surface 25
will generally correspond to the area of the prong attachment surface 25. The footprint
may be enlarged by increasing the area of the prong attachment surface 25 of the
substrate protrusions 23, this will provide greater structural integrity and thus a greater
peel strength in that direction. As used herein, the term "footprint” refers to the planar’
contact area of the base 26 on the prong attachment surface 25 of the protruding areas
23 of the substrate 24. The aspect ratio of the sides of the footprint should not be too
great, otherw;‘se the prong 22 may be unstable when subjected to forces parallel to the
shorter side of the footprint. An aspect ratio of less than about 1.5:1 is preferred, and
a generally circular prong attachment surface 25 corresponding to a circular footprint is
more preferred. . However, altering the shape of the footprint can result in the
formation of a free formed prong having an azimuthal angle. Such prongs are
described in greater detail in Procter & Gamble applications 4417, Serial No,
07/719211, filed in the name of Thomas et al. on June 21, 1991 and UJ.S. Patent No,

* 5,180,534, issued January 19, 1993, to Thomas et al. both herein incorporated by
reference.

For the embodiment described herein, a base 26 having a footprint of generally
circular shape placed upon a generally circular prong attachment surface 25 of a
substrate protrusion 23 being approximately 0.76 millimeters to 1.27 millimeters
(0.030 to 0.050 inches) in diameter is suitable. If it is desired to make the fastening
system 20 have a greater peel or shear strength in a particular direction, the cross
sectional area of the prong attachment surface 25 and substrate protrusion 23 and
correspondingly the base 26 may be modified to amplify such direction, so that the
strength and structural integrity relative to the axis orthogonal to such direction
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The shanks 28 termnate at a di stal end which is joined to an engagi ng
rrea>ns 30. Woeongmgi ng neans 30 radially project laterally fpgwrusegostianks
28°in one or nore directions and nmay resenble a hook-shaped tine. As used
herein, the term"lateral” means having a vector conponent generally
parallel to the plane of the prong attachnent gurface 25 at the principal
prong 22 under consideration. The projection of 4 an engagi ng neans 30
fromthe shank 28 periphery in a lateral direction allows the engaging

means 30 to be sChilhats! Orils GRUBENBH Al YROHIONLI 9 S5 3EnédiWnan BN in the

The engagi ng neans s _J ol ne contT guo
di stal end of theaﬁpbﬁ@@ﬁﬂﬂoﬁ\}hplbw&apparent the engagi ng means 30 may

bedJ 0} neﬁ t oht hE pr ongTﬁesm:kezsp@&sohugmug%meme Habezbgﬁ@ eaecbuhb@ﬂpy froml the -
ot hod, i not udi ngoRERGHE Bh Peshe Rarinen SRRy 27 AL Beopitil proflert 2y, ot Sied
and cl ai ned her ei héreinpthe term "shank" refers to that portion of the prong 22 which is intermediate of
and contiguous with the base 26 and the engaging means 30. The shank 28 provides
longitudinal spacing of the engaging means 30 from the prong attachment surface 25 of
the substrate protrusions 23. As used herein, the term “longitudinal” means in a
dxrectlon having a vector component away from the prong attachment surface 25,
which direction increases the perpendicular distance to the plane of the prong
attachment surface 25 at the base-prong attachment interface of the prong 22, unless
otherwise specified to be a direction having a vector component towards such plane of
the prong attachment surface 25.
Associated with the shank 28 and base 26 of each prong 22 is an origin 36.
The "origin" of the shank 28 is the point which may be thought of as the center of the
base 26 and therefore the center of the prong attachment surface 25, and is typically
within the footprint of the base 26. The origin 36 is found by viewing the prong 22,
from the side view. The "side view" is any direction radially towards the shank 28
and base 26 which is also parallel to the plane of the prong attachment surface 25 of
the substrate 54 If the fastening system 20 is manufactured by the process described
and claimed below, it is preferred, but not necessary, that the prong 22 be viewed in
the machine and cross;machine directions, relative to the travel of the substrate 24
through the nip 70, when determining the origin 36. '
'The lateral distance between the remote edges of the base 26 footprint for the
particular side view under consideration is found, and this distance is bisected, yielding |
the midpoint of the base 26 for such view. When bisecting the footprint of the base 26
for the particular side view under consideration, minor discontinuities (such as fillets
or asperities incident to the attachment to substrate 24) are ignored. This point is the
origin 36 of the shank 28.
. The shank 28 makes an angle « thh the plane of the prong attachment surface
25, substrate protrusion 23 and the substrate 24. As used herein, the term “plane of
the prong attachment surface" refers to the flat, planar surface of the substrate
protrusions at the base 26 of the principal prong 22 under consideration. The angle o
is determined as follows. The prong 22 is viewed in profile. The "profile view" of
the prong 22 is one of two particular side views and found-as follows. The pfong 22is
visually inspected from the side views such that the direction having the maximum
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As used herein, the.term"free formed" neans a structure which is not
rempved f mow4i22838 d cavity or extrusion die in-solid form or PEGEUSIH0X4EE | ned
shape. The prongs 22 are deposited onto the prong attachnent surface 25 of
the substrate protrusions 23 of a noncontiguous substrate 24 in a nolten, -
preferably liquid state and solidify, by cooli®g until rigid and preferably
freezing, into the desired structure and shape as descri bed hereinafter. A
free forned array of prongs 22 is preferably produced by a manufacturing

proc tess Wh'Ugh 'S 15tesal Ippé eétnmt if@be&hﬁ@ %?aﬁmﬂé Waké”tﬂ\/\ﬂ'o?&uaﬁ'aiwme distance taken
rintin in S ay

Bassed get vveengt h@eﬁ“g 'F@k? ‘5 @Pﬁﬂ%”%@@f‘%a B‘I'r?ioer}; %‘?’Prﬁe a ikl of

72 and a backi ng theobase726 1rasudll\hem i.at the arigifri3§uofcths. shaiﬂe?.%,owl the Tojectipbnyaf the

have general |y paahdstlat&aily ¢ xhb@?%srﬁ% e ‘?ﬁ&&hﬁ FsibidinSstich vﬁé@‘w}ﬁh slxéh"1 pdint is

roll 72|5|nacontactlng atl ron attacrret
25 of the protrudPRgtudually #nd perpged ‘F‘h‘é")éLHleeF'égeg g-"? L}J’H!?hpm“g

the nip 70. One Qﬁaéﬂiﬂemehﬂscezseferred to as the print roI I 72 i's snoot h
e
bet ween t he pri nt38risl that7 proiention Hsometbe rafigin| 36, tor hecputerd perdphesy ﬂﬁéhe shank 28 or
. engaging means 30. The side view of the prong 22 which maximizes the lateral
projection 38 is the profile view of such prong 22. It will also be apparent to phe
skilled in the art that if the fastening system 20 is produced by the process described
and claimed below, the maximum lateral projection 38 is generally oriented in the
machine direction and, hence, the profile view is generally oriented in the cross-
machine direction. The side elevational view shown in Figure 2 is one of the profile
views of the prong 22 placed upon an emboss 19. It will be further apparent to one
skilled in the art that there is another profile view, generally 180° 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. hereinbelow. . -

The ox‘igin 36 of the shank 28 is found, as described above, with the prong 22
in the profile view. While still maintaining the prong 22 in the profile view, an

" imaginary cutting plane 40-40, generally parallel to the plane of the prong attachment
surface 25 and the substrate 24, is then brought into tangency with the periphery of the
prong 22 at the point or segment of the prong 22 having the greatest perpendicular
distance from the plane of the prong attachment surface. 25. - This corresponds to the
portion of the prong 22 having the highest elevation. The imaginary cutting plane 40-
40 is then brought one-fourth of such greatest perpendicular distance closer to the
prong attachment surface of highest elevation, so that the imaginary cutting plane 40-
40 intercepts the prong 22 at a longitudinal elevation three-fourths of the perpendlcular
distance from the plane of the prong attachment surface 25.

The imaginary cutting plane 40-40 is then used to determine three points on the
prong 22. The first point is that point where the cutting plane intercepts the leading
edge 42 of the prong 22 and is referred to as the 75% leading point 44. The "leading
edge" is the apex of the periphery of the shank 28 which longitudinally faces away
from the plane of the prong attachment surface 25 and the substrate 24. The second
point is disposed about 180° through the center of the prong 22 and is the point where
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backing roll 74, thermally sensitive material is deposited upon the prong
at tachneiwo 9grizage 25 of the substrate protrusions 23. The ’Pé?‘%":’é%

. substrate protrusions 23 correspond to the pattern of the prong array 22
which will be produced. During this process the nip 70 should be fixed and
open, having a gap sufficient to allow the pattern of substrate protrusions
23 to contact and append adhesive material fromthe snooth print roll 72.
Liquid, thermally sensitive material, preferably thernoplastic material,

from which the %g%qﬁﬁgxﬂegﬁg feﬁeréafm_mi@aa@é 46 @f tHieoprong DR aneis refarredan

h h . S I
The ‘smooth pr i nias Bei757% tdine beiat 48 e bige eckr i gy oh 3R FEnE ) e

2 :) In {lt {ol I I72 V\/lehnkm whieh engitpdinelly ifadey cowarde thieaprosgp atachmepbsurface 25 ardathe
P achrantsur | oEMBE TERly T TP ppl Gelcs on b iy e e
sensi tive nat er i #raight lingsoneseting these fwo B?F“Esr%nspp ﬁ@“ré?'t‘&’gﬁﬁsli'ﬁ °‘§W‘§nﬁ1ﬂ%4%o
~of the substrat eafyf @f bidsdted %o 3eld the midpoint 47 of the imaginary 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 angle o this line
defines, relative to the plane of the prong attachment surface 25, is the angle o of the
shank 28. : .
Alternatively stated, the angle o which the shank 28 makes relative to the plane
of the prong attachment surface 25 is the 90° complement of that angle furthest from.
the perpendicular defined by the line, found in any side view, connecting the cutting
plane midpoint 47 and the origin 36. Hence, the smallest angle relative to the plane of
the prong attachment surface 25 when this line is viewed in any direction radially
towards the shank 28, and particularly the origin 36, which direction is generally
paraliel to the plane of the prong attachment surface 25 and orthogonal to the
perpendicular is the angle o of the shank 28. It is to be recognized that when the
prong 22 is viewed approximaiely in the machine direction, or approximately 180°
therefrom, thd apparent angle o of the shank 28 will be about 90°. However, as
discussed above, the angle o to be measured is that which deviates furthest from the
perpendicular and, therefore, is generally that angle o determined when the prong 22
is viewed in profile, typically from about the cross-machine direction.
 The angle o of the shank 28 may be generally perpendicular to the plane of the
-prong attachment surface 25, or is preferably oriented in an acute angular relation
relative thereto to provide increased peel strength in a particular direction, which
direction is generally parallel to the maximum longitudinal projection 38. However,
the angle o of the shank 28 should not deviate excessively from the perpendicular,
otherwise a fastening system 20 of more directional'ly specific shear strength resuits.
For the embodiment described herein, a shank 28 having an angle a between about 45°
and about 80°, preferably about 65°, works well. If the angle of the shank 28 is less
than about 80°, the shank 28 is considered to be nonperpendicularly oriented relative to
the plane of the prong attachment surface 25 (without regard to lateral orientation).
“The imaginary cutting plane 40-40 and profile view can also be utilized to
. determine the angles of the leading edge 42 and the trailing edge 46 relative to the
plane of the prong attachment surface 25. To determine these angles, the 75% leading
-

This Sheet Has Been

LTy



As relatiye displacenent between prong attachments surfaces 25 of the
‘protrusi owo 9822389 t he substrate 24 and rolls 72 and 74 cont i PRIBYSI4/03476
‘prdngs 22 are stretched with a |ateral conponent, generally parallel to the
pl ane of the prong attachnent. surface 25, forning the shank 28 and the
engagi ng neans 30. Finally, the noil of the plddng 22 is severed fromthe
engagi ng neans 30 by a severing neans 78. Due to the viscoelastic
properties of the thernoplastic, the prong 22 retracts under the influences

cool's. " and pref 2%‘?@%“@? MalfRg fofne A8 ar€ foufid by dErinCh SbORETIINS Bale B8 leading
means 30 conti gud®ntaG ??"H\gs%‘rfjaﬁﬂw‘QS ?#@eﬁé@f@hpﬁgbaé?/ggéwgﬁ rogxga(itraglznem
to a conpl enent arsurfaec?2s as vigwed i profile iSbrowghtl td interset thehkeadmg mdge d2 @if thexghank
surface” to whi chyg hepg P%@u&ﬁerﬁ‘ﬁhe% Pe. iéﬂﬁm%aé&ﬁ{‘ Syﬁg %&ﬁa &H 1mnor

secured refers to_any plane or surtiace face wt

spaced openi ngs clispontinnitigs-n the shank2% ﬂﬁ%’gﬂ‘ﬁ aﬁﬂaaﬁsm\‘}@e&hﬂ’ akdach m@atm/ grong
or nore strands caméhm Surfiice 23, w:fwcbmdleted whes deRirRingfOthedage ldihgnsites0. -

ot anedt” and nac e TSI 88 25difith oRRE8Pbhd SRBIR 18 e 36 Bitige
el asti c def or nat iedge 42 point SO. This straight line forms an included angle B, relative to the plane of
the prong attachment surface 25 and opening in the direction of the origin 36 and
center of the shank 28. The angle B, is referred to as the angle of the leading edge 42
or simply the leading edge angle.
~ The base trailing point 52 is generally disposed 180° from the base lmdmg
point 50, through the center of the base 26, and found as follows. The line through
the footprint of the base 26, and correspondingly the prong attachment surface 25, as
viewed in profile is brought to intersect the trailing edge 46 of the shank 28. This
intersection is the "base trailing point." As noted above, minor discontinuities in the
shank 28 near the base 26, incident to attachment to the prong attachment surface 235 is
not considered when determining the base trailing point 52. As described above, the
75% trailing point 48 is connected with the base trailing point 52 by a straight line.
This straight Yine forms an included angle B, relative to the plane of the prong
attachment surface 25 and opening in the direction of the oﬁgin 36 and center of the
shank 28. The included angle B is referred to as the angle of the trailing edge 46 or
simply the trailing edge angle.

The leading edge 42 and trailing edge 46 included angles B, and B, define the
paralielism of the sides of the shank 28. If the angles B, and B, of the leading and
trailing edges 42 and 46 are not supplementary to each other (do not add to an
arithmetic sum of about 180°) the sides of the shank 28 are said to be nonparallel. If
the sides of the shank 28 are nonparallel, the straight lines which define the angles B,
and B, (connecting the base leading and trailing points 50 and 52 with the 75% leading
and trailing points 44 and 48 respectively) intersect, either above or below the plane of

~ the prong attachment surface 25. If the angles B, and By of the leading and trailing
edges 42 and 46 are unequal and the lines defining such angles intersect above the
plahe of the prong attachment surface 25 (longitudinally outwardly of the base 26), the’
prong 22 will converge from the base 26 towards the distal end and engaging means
30. Only if the angles B, and By of the leading and trailing edges 42 and 46 have the
same sense i.e., are oriented in the same direction, and supplementary magnitudes are
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al | ows f or entry of the engaging neans 30 into the plane of the receiving
surface, wwolog2233¢ strands (or nondeformed material) of the PETAISHNST6
surface interposed between the openings (or deformed areas) prevent

wi t hdrawal or release of the fastening system 20 until desired by the user.
or.either the peel or shear strength of the fagtening system20 is

ot herwi se exceeded. Thé plane of the receiving surface may be flat or
curved A recel ving surface having strands or fibers, is said to be

"conpl enentary” ighe bl epﬂeﬂicm,softtﬁuam %H%ﬂﬁltg% ésmﬁa 36 YetermEdt be equal

all ow at | east one e means enet e Iinto the plane of the
recei ving surf acend a?ﬁe‘%@?mg:ﬁ ‘@%gl o be engaged or intercepted

by the engagi ng nmeans gGhank zsemmg ml}aﬁmgfedge4mmdh fosmb adedding d@mgifbﬁ@wnh
15,5274 10 e OB Bl el 155K 5 APUICABO RGO il S50 o
di sturbance resi swhich &msa “@kn&%rﬂaﬁlecﬁrw tmrp%@tmhwgmswwmfﬁb@m 65°
the receiving suriaspeis stitabRD! £ shfkD8HavihgStHéde s Iislﬁ['ﬁ.hd' of tid leading 8ak trailing

foams, kniLeq o b oS B o e PSRN Bl nges o of
Manchest er, New Hhcrplzdnkrzs to Aigld mttapenédashank 28; advantageausly arigngeds raldtivedo ithe prong
g;); fgﬁgﬂ?gd f abrdtﬁcme{urﬁw%fstas Bl'cﬂnéy highe st lahlf SpeefQfRAEMNS Ost'xthout requiring
’ excessive prong material. _
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, it will be recognized by one skilled in the art that
determination of the profile view, origin 36, cutting plane 40-40, leading angle B,
trailing angle B, base points 50 and 52, 75% points 44 and 48, and the angle o of the
shank 28 can be advantageously performed by making a photograph of the prong 22.
A model 1700 scanning' electron microscope sold by Amray, Inc. of New Bedford,
Massachusetts has been found to work well for this purpose. If necessary, several
photographs may be taken to determine 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 protruding portions 23 of the
substrate 24 at an elevation which allows the engaging means 30 to readily intercept or
engage the strands of the receiving surface. A relatively longer shank 28 provides the
advantage that it can penetrate deeper into the receiving 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 advantage that a
relatively stronger prong 22 results, but also provides correspondingly less penetration
into the receiving surface and may therefore be unsuitable for receiving surfaces such
as wool or loosely stitched bonded materials which have less densely packed strands or
fibers.

If a knitted or woven material receiving surface is utilized, a relatively shorter
shank 28 having a longitudinal length from the prong attachment surface 25 to the
point or segment of highest elevation of about 0.5 millimeters (0.020 inches),
preferably at least about 0.7 millimeters (0.028 inches), is suitable. If a high loft’
material receiving surface having a caliper greater than about 0.9 millimeters (0.035
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South Carolina. Referring back to Figures 2 and 3 to exam ne the conponents
of the fwa 2839 system 20 in nore detail, the substrate 24PCR/USIHEH3I476
fastening system 20 shoul d be strong enough to preclude tearing and
separation of individual prongs 22. The substrate 24 6 should be a
surface that is capable of having additional 18aterial attached forn ng
protrusions 23 consisting of raised areas 21 as in Figure 3. The raised .
areas 21 contain two separate attachnent surfaces; a prong attachnent

surface 25 to Whhdhs) i§ ulisdi @ reldgivBigIonger sﬁam'crmm{g@grearee MéhgRBdineY diimgsian

base-prong attac rreni surface :it_ e ace,s 2@84.? sgl_ll)sijr a “1? t achg{en%nf'fst#“rlgc azc(?

27 forming a prQfr¥siGSt ahoNt; 14 dmilimelers, (& 047 Anghes),, oF Yafit 2% :

surface 27 is suiillimeterst (0y079%inokes),! i3 mbre suitabler aAe thel shank RBoledgtheinareases) gnd

fcgfrg] ;Prgntsglrjfl t;g@%:gpﬁgg:@ S:??‘é@gp&fng%nﬁﬁgl?eg,' e &ﬁﬁ&so@&efp}&mfﬁx@porﬁons 23 of
the substrate 24 and correspondingly of the prongs 22 of the fastening system 20 may
be increased to cdmpensate for such loss of shear strength. '

At this point, it can readily be discerned by one of skill in the art that a
substrate protrusion 23 consisting of an embossed 19 or raised 21 portion will provide
additional height to the prong 22 allowing the prohg 22 to penetrate deeper into the
receiving means. Another advantage to an embossed 19 area of a substrate 24 is the
prongs increased "skin friendliness.” Placing the prong on an embossed 19 area of the
substrate 24 allows the prong 22 to encapsulate or submerge within the embossed 19
area when pressed against the skin. This encapsulation also allows the prongs 22 lock
any fibers of a receiving surface by permitting the prong engaging means 30 opening
to descend below the surface of the substrate 24. This locking phenomenon does not
‘prevent the receiving surface from being removed from the engaging means 30 but,
increases the hook's holding strength.

'The substrate of the present invention having protuberances may also be used as
a compressible substrate to form a skin friendly hook fastening material. Such a
friendly hook‘fastening material and methods of making such a hook fastening material
are disclosed in U.S. Patent Application Serial No. 07/988,636, "Non-Abrasive
Mechanical Fastening System And Process of Manufacture Therefore”, filed December
10, 1992, in the name of David J. K. Goulait et al. and is incorporated herein by
reference. :

As described above, the longitudinal length of the shank 28 determines the
longitudinal spacing of the engaging means 30 from the prong attachment surface 25.
The "longitudinal spacing™ is the least perpendicular distance from the plane of the
prong attachment surface 25 to the periphery of the engaging means 30. For an
engaging means 30 of constant geometry, the longitudinal spacing of the engaging
means 30 from the prong attachment surface 25 becomes greater with increasing
longitudinal shank 28 length. A longitudinal spacing of at least about twice the strand

. or fiber diameter of the intended receiving surface, and preferably about 10 times as
great as such fiber or strand diameter provides good interception or engagement and
retention of such strands or fibers by the engaging means 30 of the fastening system
20. For the embodiment described herein, a prong 20 having a longitudinal spacing of
about 0.2 millimeters to about 0.8 millimeters (0.008 to 0.03 inches) works well.

\
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Alternately, the substrate 24 should be sufficiently flexible and capable
of + bei ngwei s4zp2839ed to form protrusi ons 23 which are enmbossecRCT/GSHLO3F
Fi*gure 2 The enbosser 19, forned fromthe substrate 24 naterial contain a
prong attachnment surface 25 to which is joined the base of a free forned
prong 22 creating a base-prong attachment suil4ace interface. The prongs 22
wll readily adhere and be capable of being joined to an article to be
secured as desired by a user. As used herein the term"join" refers to the

ggggingi.ggm\?hefe a fimnge sﬂﬁﬁé)&rt t%:ﬁ%bsg%%lﬁﬂt%ﬁthelsﬁmﬂc;is m@kT: @iticgloNThos €t shank
er o . either direc nlrct
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conponent vvhlh c h rélatinig itonthie Trask fseotion, ofothe basm26.t &he "cooss Isectipal i thenplanasrrarea of
conponent. The Ea_k%‘ ! GO

second nenber, orfggllftrponentpv&{g I N g’e{}khghrﬂg?rm%l)ﬁ{e soHramt((r?g | Q%Fa?ﬂg Thelfl
article. The "sadBstAsmated abawsy theshank 48 i3 preferab Mé%l?qli?f WW%“’SS section as
prot uberances 2gheC @ixtalS ehdofothecBRkS28 4t @hgiging afleasedd ofl thes prong 22 are
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capabl e of bei ndecredsednl the momentofrinertia 0of the shank P8 and engaging means 30 resulting in a
prong 22 of more nearly constant stress when separation forces are applied to the
fastening system 20, and thereby diminishes the quantity of superfluous materials
incorporated into the prong 22.

" To maintain the desired geometry over a wide range of prong 22 sizes, a
generally uniform ratio of cross sectional areas can be utilized to scale the prongs 22.
One ratio which generally controls the overall taper of the prong 22 is the ratio of the
area of the prong attachment surface 25 and the cross section of the base 26 to the area
of the cross section of the prong 22, at the highest elevation of the prong 22. The
phrase "highest elevation” refers to the that point or segment of the shank 28 or the
engaging means 30 having the greatest perpendicular distance from the plane of the
prong attachment surface 25. Typically, prongs 22 having a base 26 cross sectional
area to hlghestt elevation cross sectional area ratio in the range of about 4:1 to about
9:1 work well. . .

A generally circular shank 28 which tapers from a base 26 diameter, as
discussed above, ranging from about 0.76 millimeters to about 1.27 millimeters (0.030
to about 0.050 inches) to a highest elevation diameter, of about 0.41 millimeters to
about 0.51 millimeters (0.016 to 0.020 inches) has been found suitable for the
embodiment discussed herein. Recognizable by one skilled in the art is the fact that
the area of the base conforms to the area of the prong attachment surface 25.
Specifically, a generally circular shaped prong attachment surface 25 area cross section
of about 0.46 millimeters (0.018 inches) diameter at the highest elevation provides a
cross sectional area at highest elevation of about 0.17 square millimeters (0.0003
square inches). A generally circular shaped prong attachment surface 25 and base 26
cross section of about 1.0 millimeters (0.040 inches) provides a base 26 cross sectional
area of about 0.81 square millimeters (.0013 square inches). This structure results in a
ratio of-base 26 cross sectional area to highest elevation cross sectional area of about
5:1, which is within the aforementioned range.

The engaging means 30 is joined to the shank 28, and preferably is contiguous
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manuf act uri ng processes, -flexible so that the substrate 24 nmay be bent or
flexed i WQIdZBPed configuration, and able to w thstand t h®CHAIES48I476he
| i*qui d prongs 22 being deposited upon the prong attachnent surface 25 of

t he substrate protuberances 23 without nelting or incurring del eterious
effects until such prongs 22 freeze. The subst¥ate 24 should al so be
available in a variety of widths. Suitable substrates 24 capabl e of
supporting protuberances 23, include knitted fabric, woven materials,

honwoven mat eri ayfih ufettimﬂrendemé shank /285, Tﬂ@éﬁghﬁﬁ Qﬁéa)is 80 amjea@pﬂialwivag arid

ref er abl olyolefinic_fi te per ., havi basi s wei ght
D 08 ki | oy s RvabE from, e eriphery, o3 shatk BEF 2nd oy Stlnd BVE oyt Lomam
found suitabl e. Which bangitu@ifially ptdjecty dree rtawarngds rmlramy froom theoproog atthahnueno sgrfate

which is attach t gstdggi H%‘gﬂlgth@tt&lgl? hg%%l@%gg{se eroh H&?,ﬁ#ﬁﬁ&ﬁ Meéral fo the

pr ot uber ances 2 t he su trate contj guQus w r oX1 na
end of the shanm hery ofshank g8 0 ﬂéﬂ%e‘ﬂm‘?éla&eﬁmes in epenpheryo the shank 28),

which protrusion resxsts separation or removal from a receiving surface. The term -

"periphery" means the outer surface of the prong 22. The term "radially” means from
or towards the perpendicular to the prong attachment surface 25 or substrate 24, which
perpendicular passes through the origin 36 which is generally centered within the
footprint of the base 26.

Particularly, the lateral protrusion has a vector component parallel to and facing
towards the plane of the prong attachment surface 25 and the substrate 24. It is to be
recognized that the engaging means 30 and shank 28 may have both lateral and -
longitudinal vector components. It is not important that a sharply defined terminus of

.the shank 28 distal end be apparent, or that a demarcation_between the shank 28 and
engaging means 30 be discernible at all. It is only necessary that a longitudinally

" oriented face of the shank 28 periphery be interrupted so that the engaging means 30
has a face with a vector component parallel to and facing the plane of the prong
attachment surface 25 and the substrate 24.

The enkagmg means 30 may have a greater lateral projection 38 than the shank
28, or vice-versa, as desired. As illustrated in the figures, the engaging means 30 is
preferably generally arcuate and may have a reentrant curve. If the.engaging means 30
has a reentrant curve, the engaging means 30 includes a segment which longitudinally
approximates the prong attachment surface 25 or the substrate 24 at the base 26 or a
location laterally spaced from the base 26. This segment is laterally directed towards
the shank 28, although 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 .
Jaterally extend substantially in the same direction, if a relatively unidirectionally
oriented peel strength is desired, or may be randomly oriented to provide substantially
isotropic peel strengths in any lateral direction. The engaging means 30 may be hook-
shaped tines which project substantially from one side of the shank 28, defining a
generally convex outline, and penetrate the opening of the receiving 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

-_—
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the.term "base" refers to that portion .of the prong 22 which is in direct,
cont act wh®#z23® prong attachment surface 25 of the substr BEBUSHM/EMTS
Supports the shank 28 of the prong 22. It is not necessary that a -

demar cati on be apparent between the base 26 and the shank 28.

d nportant that the shank 28 not 'separate frdé the base 26 and that the base
26 not separate from-.the prong attachnent surface 25 during use.
26 cross section should provide sufficient structural integrity,
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Rt sectional prea and ERRmelE: @ fothe oengagisgpmeny 30 are not
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wi || provide grstrengths of aufastening systemg2( hyving dn tamay Qf g‘oam @2 of a given density.

For the embodiment described herein, a h_ook-shape_ad tine engaging means 30 having a

maximum lateral projection 38 from the center of the base 26 to the remote lateral
periphery of about 0.79 millimeters to about 0.90 millimeters (0.03 to 0.04 inches) is

suitable.

The array of substrate protrusions 23 and correspondingly the prongs 22 may be

of any pattern and density as desired, to achieve the peel and shear strengths required
for the particular application of the fastening system 20. Generally as the array density
increases, peel strength and shear strength proportionately increase in a linear fashion.
The individual prongs 22 should not be so closely spaced as to interfere with and

prevent the engaging means 30 of the adjacent prongs 22 from intercepting strands or
fibers of the receiving surface. If the prongs 22 are too clbsely spaced, 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
spaced as to require an excessive area to provide a fastening system 20 of adequate

shear and peel strengths.

It is advantageous to dispose the substrate protrusions 23 in rows, so that each

prong 22 is generally equally spaced from the adjacent prong 22. Generally, the
machine direction and cross-machine direction substrate protrusions 23 should be
equally spaced from the adjacent machine direction and cross-machine direction
substrate protrusions 23, to 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.

As used herein the term "pitch" refers to the distance, measured either in the
machine direction or cross-machine direction, between the centers of the substrate
‘protrusions 23 and correspondingly the prong attachments surfaces 25 or the footprints
of the bases 26 of prongs 22 in adjacent rows. Typically a fastening system 20 having
an array of prongs 22 with a pitch ranging from about 1.02 millimeters to about 5.08
millimeters (0.04 to 0.20 inches) in both directions is suitable; with a pitch of about
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peel strength in that direction. ‘As used herein, the term"footprint"
refers t owolsa2gdzanar contact area of the base 26 on the proRGTAIIAOBITENt

" surface 25 of the protrudi ng areas 23 of the substrate 24. The aspect ratio
of the sides of the footprint should not be too great, otherw se the prong
22 may be unstabl e when subjected to forces pHrallel to the shorter side of
the footprint. An aspect ratio of l.ess than about 1.5:1 is preferred, and a
general ly circular prong attachnent surface 25 corresponding to a circular

footprint is nore gy RilfmeREs (d'GE"ﬁEﬁ‘és) bah Féfékﬂed hgd ﬁ@@tﬁ%réﬁs-ﬁxi&ﬁeodﬁ&rnbﬂtrows

can result in the tl.on g_an azi

angl e. Such pron8® HFE;B‘Q ?ssteam? Y(ﬂne(i'g{fa?‘ b 1p Wo‘é’?@?‘m&c'@ﬁﬁf@cum to
appl i cati ons 441doutdertheldistanceOiff THeO Afathine i diestdtiom betwesnathe afijaténsnerosemaehine
on June 21, 1991 iod rgwsPat ent No. 5,180,534, issued January 19, 1993, to
Thomas et al. bo erein incorporated by reference, For the enbodi ment

described herein, a b%és‘ﬂﬁ"ﬁ@\ﬂfﬂﬁqusc?ét%dlwném the| RroRg s £2,may berthonght
pl aced upon a geppasdis s@dﬁrﬁﬂ'nﬁtnﬂbﬁlﬁ%n%tsqwbwiﬁmw £i¢ tavihg @h L&lssubame
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the fastening 22 per centimeter (S to 25 rows per inch) in both the machine and cross-machine
' directions, preferably about 5 rows of prongs 22 per centimeter (13 rows per inch) in
each direction. This grid will result in a fastening system 20 having about 4 to about
100 prongs 22 per square centimeter (25 to 625 prongs per square inch) of substrate

24, '

The fastening system's 20 prongs 22 may be made of any thermally sensitive
material which is stable and shape retaining when solid, but not so brittle that failure
occurs when the fastening system 20 is subjected to separation forces. As used herein,
*thermally sensitive" means a material which gradually changes from the solid state to
the liquid state upon the application of heat. Failure is considered to have occurred

~ when the prong 22 has fractured or can no longer sustain a reaction in the presence of
and when subjected to separation forces. Preferably the material has an elastic tensile
modulus, mea.!ured according to ASTM Standard D-638, of about 24,600,000 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 melting point low enough to provide
for easy processing and a relatively high viscosity to provide a tacky and tough
consistency at temperatures near the material melting point, so that the shanks 28 may
be stretched and the engaging means 30 easily formed according to the method of
manufacture recited below. It is also important that ‘the prongs 22 be viscoelastic, to
allow for more varation in the parameters affecting prong 22 structure, and
particularly the geometry of the engaging means 30. Material having a complex
viscosity ranging from about 20 to about 100 Pascal seconds at the temperature of
application to the substrate protrusions 23 is suitable.

The viscosity may be measured with a Rheometrics Model 800 Mechanical
Spectrometer using the dynamic operating mode at a 10 Hertz sampling frequency and

- 10% material strain. A disk and plate type geometry is preferred, particularly with a
disk having a radius of about 12.5 millimeters and a gap of about 1.0 millimeters
between the disk and plate.

The prongs 22 are preferentially comprised of a thermoplastic material. The
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system 2Q have a greater .peel or shear strength in a particular direction,
~the cros¥W@84233hal area of the prong attachment surface 25PGHYSHIRETG at e
priotrusi on 23 and correspondingly the base 26 nay be nodified to anplify
such direction, so that the strength and structural integrity relative to
the axis orthogonal to-such direction REPLCEMENT SHEET 03 APR 1997 8

i ncreases. This nodification causes the prongs 22 to be stronger when
puIIed in the anplified direction of the base 26. The shank 28 is

g ? gtn 5 guggs \r/]\n t httéxlﬂf: &aﬁﬁof Z%uaﬂebfﬁfs% @gé@s@mkump@lymeisrorm thermdilyssensitive mehtérint
attachnen rfgce e_substrat trus h

the term "shank™ éfeﬁgwfo 'ldg’étﬁ'ﬁo?m BRI (fq‘hzmg 8?1 b%gsu\ﬁ %oysrﬁgt &desive

internediate of therthoplasticsyare partioulanlyt well suited manamfactnee @ngfagfpwgg Rysiem 20 of

The shank 28 prqyl dzSeent invention, particularly in accordance with the process described and

" claimed below. As used herein the phrase "hot melt adhesive" refers to thermoplastic

compounds, normally solid at room temperature, which become fluid at elevated
temperatures and which are applied in the molten state. Examples of hot melt
adhesives may be found in the "Handbook Of Adhesives,” Second Edition by Irving
Skeist, published in 1977 by Van Nostrand Reinhold Company, 135 West 50th Street,
_New York, New York, 10020, which is incorporated herein by reference. Polyester
and polyamide hot melt adhesives are particularly suitable and preferred. As used
herein, the terms "polyester” and "polyamide" mean chains having repeating ester and
amide units respectively. -

If a polyester hot melt adhesive is selected, an adhesive having a complex

viscosity of about 23 + 2 Pascal seconds at about 194°C 'has been found to work well.
If a polyamide hot melt adhesive is selected, an adhesive having a complex _Viscosity of
about 90 + 10 Pascal seconds at about 204°C has been found to work well. A
polyester hot melt adhesive marketed by the Bostik Company of Middleton,
Massachusetts, as No. 7199 has been found to work well. A polyamide hot melt
adhesive markbted by the Henkel Company of Kankakee, Illinois under the tradename
Macromelt 6300 has been found to work well.

~ In a second embodiment of the fastening system 20", illustrated by Figure 4,
the engaging means 30' may be generally semispherically (mushroom) shaped. The
term "semispherical” means a generally round shape, protruding in multiple directions
and is inclusive of hemispheres and spheres, but not limited to regular shapes. This
geometry, particularly the generally spherically shaped engaging means 30" structure,
provides the advantage that less disturbance to the strands of the receiving surface
typically occurs when the engaging means 30' is removed from the receiving surface.

This causes less visible damage to the receiving surface, allowing it to be reused a

greater number of times. If the semispherically shaped engaging means 30' is
selected, the shank 28' is preferably more nearly orthogonal to the plane of the prong
attachment surface 25, to allow easier penetration into the openings of the receiving
surface. and to reduce damage to the receiving surface as the engaging means 30’ is
released from the receiving surface. A shank 28' having an angle a' of about 70° to
about 90° is suitable.

To provide a prong 22' of the proper proportions and havmg a generally

This Sheet Has Been Re’p

T

-



| ongi-tudi nal spacing of the engagi ng means 30 fromthe prong_attachment
sur face 2W00M/228% substrate protrusions 23. As used herein, QY(FHUMW"
"l‘ongi tudi nal” nmeans in a direction having a vector conponent away fromthe
prong attachment surface 25, which direction increases the perpendicul ar
~distance to the plane of the prong attachment 18urface 25 at the base-prong
attachnment interface of ‘the prong 22, unless otherw se specified to be a
direction having a vector conponent towards such plane of the prong-

attachment surf aggnidhheritalSetipaging Omednis /B0 ) ehesérepajing Smeand 3 ssho@ld milialiycprotrude

Ty et hought . offodt ey @rcuiterencdpf il srhi 285 a“ASH! illadcp SuBfciBl @0 inflbey e
the prong att achsteands ofitlieseeiing snface,sbut ot peatrudeiptian that the mawt 9 theengaging
the base 26. Thepohdhpy ?sGuﬁa%éfI ®/BE MAYdN SipBeed by MEOINENIC 28" forOie tshants 2de is

base 26 whi oh 1 SORESHise RSl ACIHEIBEIR el 1o YHEK AP o RETERERCHir I ALt Rt

25 of thﬁéiEPfL re fiom thé.perpentiicalat atheandss of thye engagity meansedilifrelative &l theyshanie 28
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relative to the traveA taperedshank) 28", haxingthe base-26' to highest elevation cross sectional
area and diameter ratios described above, and an angle o' of the shank 28’ of about 80
° works well. It is to be recognized the highest'elevation measurements are to be taken
from the highest elevation of the shank 28" and not from the engaging means 30'.

For an embodiment, as illustrated in Figure 4, which does not have a smooth
transition from the shank 28' to the engaging means 30', and for which the
demarcation between the shank 28' and engaging means 30' is easily determined, the
imaginary cutting plane 40'-40' is three-fourths of the perpendicular distance from the
plane of the prong attachment surface 25 to the plane tangent to the point of the -
engaging means 30’ which is longitudinally closest to the plane of the prong
attachment surface 25. The cutting plane 40'-40' is then used to determine the angle o
* of the shank 28', the leading edge angle B,' and trailing edge angle B;' as described
above. i '

The engaging means 30' should radially project, in each lateral direction, from
the periphery of the distal end 29' of the shank 28' at least about 25 percent of the
diameter of the distal end 29" of the shank 28", and preferably at least about 38 percent
of such diameter. Alternatively stated, if the diameter of the distal end 29" of shank

.28' is normalized to 1.0, the diameter of the engaging means 30' should be at least
1.5, and preferably at least 1.75 times the diameter of the distal end 29" of the shank
28'. Furthermore, the diameter of the base 26' should be about 2.0 times the diameter
of the distal end 29’ of the shank 28'. The shank 28' height should be about 1.5 to
about 2 times the diameter of the distal end 29' of the shank 28', to properly
longitudinally space the engaging means 30' from the prong attachment surface 25.
The longitudinal dimension of the engaging means 30' may range from about 0.5 to
about 1.5 times the diameter of the distal end 29' of the shank 28'.

The fastening system 20' of Figure 4 is made by heating the engaging means 30
and distal end of the fastening system 20 of Figure 2 to at least the melting point. This
is accomplished by bringing the engaging means 30 and distal ends of the prongs 22 to
a heat source longitudinally directed toward the plane of the substrate so that the base

-
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through the nip 70, when determining the origin 36. The |l ateral distance
bet ween WR@4/2238t e edges of the base 26 footprint for the F&TVLMM6s| de
vi ew under consideration is found, and this distance is bisected, vyielding
t he m dpoint of the base 26 for such view Wen bisecti ng the footpr| nt of -
the base 26 for the particular side view und2® consideration, mnor
discontinuities (such as fillets or asperities incident to the at t achnent

to substrate 24) are ignored. This point is the origin 36 of the shank 28.

Ihref ; 22n§528s rrghsfgwmar Ob;an{af Ex?ld czagtﬁef‘shhﬁ]@:és?'sée Qo@ﬁdéﬁzmqem et mﬁllg?g ipoint.
u u |
the term "pl aneioii {aﬁl?p‘aF@‘Ha ﬁgﬁ? héﬁq’le’ft {igva fogr‘ée p)c')or{ghg ‘P’ﬂ% abﬁpgﬁ?;r

-surface of the wmillimeters ¢o gbant rlOsll millimaters (0ol n@.d iRches)y oftdhheap spurcé, sath as ahgt

22 under consid t [err] is determned as follows. The prong
22 i s viewed |nwn?ol*eg?'d tJ?ﬁmﬁ'ﬂb |Ie view' of the prong 22 is one of
p P

particul ar side vi-ewdheifading °é§819(ﬁx.f 80 traiting edgsargleo Br' of the preng Wlu be
I nspect ed from gifilasitel thatiof ube oredspbidihg hbek-shaped tine BtyleengaginghneaR proag T2,
from which the semispherically shaped engaging means style prong 22' was formed.
This occurs because the angle o' of the shank 28' and leading edge and trailing edge
angles B,' and B;' do not substantially change as the engaging means 30 of Figure 2 is
heated and melted to flow into the engaging means 30’ of Figure 4.
For the aforementioned Milliken 970026 receiving surface, the engaging means
30' of Figure 4 should preferably have a lateral and longitudinal dimension of about
0.029 millimeters to about 0.032 millimeters (.001 inches), and be disposed on a shank
28" having a base 26' diameter of about 0.30 millimeters to about 0.045 millimeters
(.012 to .002 inches) and a diameter at the distal end 29" of about 0.016 millimeters to
about 0.020 millimeters (0.0006 to 0.0007 inches). The distal end 29' of the shank
28' should be disposed between about 0.44 millimeters and about 0.50 millimeters
'(.017 inches to .020 inches) above the plane of the prong attachment surface 25, and ,
the engaging means 30' should have a lateral projection 38' of about 0.56 millimeters
to about 0.70 ‘mxllxmeters (0.022 to 0.028 inches), preferably about 0.64 millimeters
- (0.025 inches). :
PR F M FA R
The fastening system 20 according to the present invention may be
manufactured using a process similar to gravure printing. Gravure printing is well
‘known in the art as illustrated by U.S. Patent No. 4,643,130 issued February 17,
1988, to Sheath et al. and incorporated herein by reference to illustrate the state of the
art similar to the present invention. Another reference which produces similar prongs
is U.S, Patent No. §,lll§,'563 issued May 26, 1992 to Thomas et al. and incorporated
herein by reference.
~ Referring now to Figure"S the substrate 24 containing protrusions 23 is passed
through the nip 70 formed between two rolls, a smooth print roll 72 and a backing roll
74. The rolls 72 and 74 have substantially mutually parﬂlel centerlines disposed
generally parallel to the plane of the prong attachment surface 25 and the substrate 24.
The rolls 72 and 74 are rotated about the respective centerlines and have generally
equal surface velocities, in both magnitude and direction, at the nip point 70. If
desired, one or both the smooth print roll 72 and the backing roll 74 may be driven by
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| at eral pr.ojection 38 becones apparent. The."lateral projection" is the

di stance MWM&842233 erally and parallel. to the plane of the prP¢ERUSH44Mnent
surface 25 fromthe center of the base 26 in such view, i.e. the origin 36
of the shank 28, to the projection of the furthest laterally renote point.
on the prong 22 visible in such view when sucBlpoint is |ongitudinally and
perpéndi cul arly projected downward to the plane of the prong attachnent

surface 25. It will be apparent to one skilled in the art that the maxi num

| at er ﬁ' pr OJ% ec'th e &&lfhﬂ thétive fofce) (A6t shownj.r ;AN ﬂta?]mnggdu&eaﬁelbant liftotot he¥ing an
D2 whi ch’ maxi m 2 GUHR Of Al L FORPR VRS Saedpte iR, f0fce B rBlaihy " rplie 2
prong 22. It wil landl %oattuatathe substraten 24 reausihg Ithee prang miaterial to tadherei to theeprong

e Tt o il o abyad e ol
e e o 8 S50 0o oot et e
nmachi ne directi omatdiiat of grongk €32atn ahelliquidestatehand) provide Gubstaitially omiforaf pitch
]E Bre ) ngf ;Lga\r’gﬁ‘t"'%teg&eghgﬁe DRI 22%inPbet G HRAOHINE An8 RS SnakRine &fxré@'tibhs.b% can be
gleaned, that by varying the cross-sectional area of the prong attachment surface 25 on
- the substrate protrusions 23 various base diameters 26 and shank heights will be

produced. '

' The smooth print roll 72, provides for the depositing means to deposit the
prongs 22 on the prong attachment surface 25. The pattern of the substrate protrusions
23 on the substrate 24 provides the desired array. The phrase "depositing means”
refers to anything which transfers liquid prong material from a bulk quantity to the

prong attachment surface 25. The term "deposit” means to transfer prong material
from the bulk form and dose such material onto the prong attachment surface 25. - '

The cross sectional area of the prong attachment surface 25 and
correspondingly the substrate protuberances 23 generally corresponds with the shape of
the footprint of the base 26 of the prong 22. The cross section of the prong attachment
surface 25 shduld be apﬁroximately equal to the desired cross section of the base 26.
The depth of the prong material which is deposited upon the smooth print roll 72, in
part, determines the longitudinal length of the prong 22, specifically the perpendicular
distance from the base 26 to the point or segment of highest elevation.

_ For the embodiment described herein, the depth of the prong material spread
upon the smooth print roll 72 should be between about SO and about 70 percent of the
diameter of the prong attachment surface 25. . '

The smooth print roll 72 and backing roll 74 should be coincident with the line
connecting the centerlines of the rolls permitting the substrate protrusions 23 to collect
prong material accumulated upon the smooth print roll 72 to be deposited upon the

" prong attachment surface 25 of the substrate 24. '

The backing roll 74 should be somewhat softer and more compliant than the
smooth print roll 72 to provide cushioning of the prong material as it is deposited on
the prong attachment surface 25 from the smooth print roll 72. A backing roll 74
having a rubber coating with a Shore A durometer hardness of about 40 to about 60 is
suitable.

The smooth print roll 72 tempefature is not critical, however, the print roll 72

-
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skilled in the art that there is another -profile view, genérally 180[err]
opposi t e WOOM2233@ profile view shown (so that the maxi mum | ACITEFIH03476
prdjection 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 descri bed hereinbelow. The origin 36 @ the shank 28 is found, as
descri bed above, with the prong 22 in the profile view Wile still

mai ntaining the prong 22 in the profile view, an imaginary cutting plane

.40- 40, general | ysiRi@bé %a:&&té ?cveﬁ:aﬂﬁdmcah&e oPrtHHIQr&IgEQZZhM &uﬁéfelcmaﬁ the
and the substrate 24, .| her

the prong 22 at- YGWEcebrone 3 L(ﬂ’ @@Qﬂﬂ 0’6:“" h‘?é’rﬁ'? enc @eﬂémr#&egﬁ @ﬁlé’s? print

per pendi cul ar di 2T surface nempesatpieanear the mbmepnnqgalaemaeﬂatmatxs dmtbdce‘\ 3mooth
TS o or reshondspdf bilRBhblalls doBG gﬁ&%z%eé}a e 1 U ﬁwhest

el evation. The imaginary cu en br ought one fourth_ of

such great est perpend‘tdﬁllt‘hped?@gaﬁﬁﬁ‘eﬂ@ll@s‘é’ﬂ rell tmay e Seeessary 4E (b sybstrater 2t &
of highest el eVaidv@fSel ys&fféchedt by He heab Grafisterred ol @ oagenstenamommnnmmss
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cutting pl ane 40skilfedip théien. a&mgmmwoﬁ@ nw::;er)ptflamcdypmpylnee, polyethylene
or other polyolefinic substrates are used.

The ‘material used to form the individual prongs 22 must be kept in a source
which provides for the proper temperature to apply the prongs 22 to the prong
attachment surface 25. Typically, a temperature slightly above the melting point of the
material is desired. The material is considered to be at or above-the "melting point" if
the material is partially or wholly in the liquid state. If the source of the prong
material is kept at too high a temperature, the prong material may not be viscous
enough and may prbduce engaging means 30 which laterally connect to the prongs 22
adjacent in the machine direction. If the material temperature is very hot, the prong 22
will flow into a small, somewhat semispherically shaped puddle and an engaging
means 30 will not be formed. Conversely, if the source temperature is too low, the
prong material‘may not transfer from the source 80 to the smooth print roll 72 or,
subsequently, may not properly transfer from the smooth print roll 72 to the prong
attachment surface 25 of the substrate 24. The source of the material should also
impart a generally uniform cross-machine direction temperature profile to the material,
be in communication with the means for depositing the adhesive material onto the
prong attachment surface 25 of the substrate 24 and easily be replenished or restocked
as the prong material becomes depleted.

A suitable source is a trough 80, substantially coextensive of that portion of the

cross-machine dimension of the smooth print roll 72 and adjacent thereto. The trough" .

80 has a closed end bottom, an outboard side and ends. The top may be open or
closed as desired. The inboard side of the trough 80 is open, allowing the liquid
material therein to freely contact and communicate with the circumference of the
smooth print roll 72. '

The source is externally heated by known means (not shown) to maintain the

prong material in a liquid state and at the proper temperature. The preferred
temperature is above the melting point but below that at which a significant loss of
viscoelasticity occurs. If desired, the liquid material inside the trough 80 may be
-_—
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prong.22. The first point is that point where the cutting plane intercepts

t he [ eadi MYOMBR3I2 of the prong 22 and is referred to as t h&CFIIP¥IGI ng

"pofnt 44. The "l eadi ng edge" is the apex of the periphery of the shank 28

which longitudinally faces away fromthe plane of the prong attachment

syrface 25 and the substrate 24. The second p@3nt is di sposed about 180

t hrough the center of the prong 22 and is the point where 10 the cutting
pl ane 40-40 intercepts the trailing edge 46 of the prong 22 and is referred

to as the 75% t r amixed ®r pevirculadid. to Premoterhoniogensitydmd aniesent tempepmureafisttibagtion.
eri phery of the shank i ' i - 1.0

gt tachnment surface 25 Jg%%p&%&%%&@%g&%&%%%o{@? gglr?e_ar a Fd}%éé)&g‘gof’g@ controls

di sposed from t hethe @amenntofprgeg naterighapplied 40 ¢he: smoatle paatocT2. ndhe Heeter blade 82
points falls, of GRAurGRh 80 A Keld BRSAHErY 128 Ghd smbSth4ftint QolrITd ik STofdtedS @li6WinlgOthe
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- which is applied at a depth of greater then the depth intended to be deposited upon the
smooth print roll 72 and allows such material to be recycled. This arrangement allows
prong material to be deposited from the smooth applicator roll 72 on to the prong
attachment surface 25 in the desired array, according to the geometry of the substrate
protuberances 23. As seen in Figure 5, the doctor blade 82 is preferentially disposed
in the horizontal plane, particularly the horizontal apex of the smooth print roll 72,
which apex is upstream of the nip point 70.

After being deposited onto the prong attachment surface 25, the prongs 22 are
severed from the smooth applicator roll 72 by a means for severing 78 the prongs 22
into the engaging means 30 of the fastening system 20 and a moil. As used herein the

" term "moil" refers to any material severed from the prong 22 and which does not form
part of the fastening system 20. ,

The severing means 78 should be adjustable to accommodate various sizes of
prongs 22 and lateral projections 38 of engaging means 30 and also provide uniformity
throughout thd cross-machine direction of the array. The term "severing means" refers
to anything which longitudinally separates the moil from the fastening system 20. The
term “sever" refers to the act of dividing the moil from the fastening system 20 as
described above. The severing means 78 should also be clean and should not rust,
oxidize or impart corrodents and contaminates (such as moil material) to the prongs
22. A suitable severing means is a wire 78 disposed generally parallel to the axis of
the rolls 72 and 74 and spaced from the substrate protrusions 23 a distance which is’
somewhat greater than the perpendicular distance from the highest elevation of the
solidified prong 22 to the substrate protuberances 23. _

Preferably the wire 78 is electrically heated to prevent build-up of the molten
prong material on the severing means 78, acéommodate any cooling of the prongs 22
which occurs between the time the prong material leaves the heated source and
severing. occurs and to promote lateral stretching of the engaging means 30. The
heating of the severing means 78 should also provide for uniform temperature
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
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40- 40, W|th the origin 36 of the shank 28 at the base 26. The in angl e
[err] t hi WQ 9442233%f i nes, relative to the plane of the prongmﬁﬁﬂgﬁf °
surface 25, is the angle a of the shank 28. Alternatively stated, the angle
a which the shank 28 nakes relative to the plane of the prong attachrrent
surface 25 is the 90[err] conplenment of that %ngle furthest fromthe

per pendi cul ar defined by the line, found in any' side view, connecting the
cutting plane mdpoint 47 and the origin 36. Hence, the smallest angle
relative to the wirars8 teﬁ;;é:hmwmﬂngtﬁeanhmnbe sacomada@s. whiso, ahthe Spbmieoil' ﬁle

viewed in any di

origin 36, whi chgl@g%tg?%ﬂg%ene% :}S?Wg%ﬁte@p gﬁzﬁg &%%éw
~attachnent surf a22and mefldre seveess maakingoa relatively jowea watiags b P%W%mgsaﬂﬁT%{eﬁl

the shank 28. |t gaf (helsBmb ferhmsa ﬂ!szeﬂsh&ﬁﬂvéh@éb mednhaxrw {R2 térfiperamyedf the hot

Cheror rom the AMEENE mEER 'a%ﬁé:ntg't $ohailie, & BB3eT4l oy sk 2R fspeth il result

However, as di scﬂem@aheshaﬂk&&hygé 4nglr laleraldengsh of 4k engaging means 3thwilh be

deviates furt hes{n e%r g&vg Hkéme%émper&ta%sméﬁm W&e%ﬂ?ﬂé&r&éﬁe& hqtls

angle a determ ne e pron Vi %\e T gooflle m\ﬁgzcza}

about the cross- dWF?Féaféh that the sgyering 'means 78 actually Bontact the or severmg to
occur. The prong 22 may be severed by the radiant heat emitted from the severing
means 78. ' |

For the embodiment described herein a round cross section nickel-chromium
wire 78, having a diameter of about 0.51 millimeters (0.02 inches) heated to a
temperature of about 343°C to about 416°C has been found suitable. It will be
apparent that a knife, laser cutting or other severing means 78 may be substituted for
the hot wire 78 described above.

It is important that the severing means 78 be disposed at a position which
allows stretching of the prong material to occur prior to the prong 22 being severed
from the moil. If the severing means 78 is disposed too far from the plane of the
prong attachment surface 25, the prong material will pass underneath the severing
means 78 and dot be intercepted by it, forming a very long engaging means 30 which
will not be properly spaced from the prong attachment surface 25 or adjacent prongs
22. Conversely, if the severing means 78 is disposed too close to the plane of the
prong attachment surface 25, 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 14 millimeters to 22
millimeters (0.56 to 0.88 inches), preferably about 18 millimeters (0.72 inches) in the
machine direction from the nip point 70, approximately 4.8 millimeters to 7.9
millimeters (0.19 to 0.31 inches), preferably about 6.4 millimeters (0.25 inches)
radially outward from the backing roll 74 and approximately 1.5 millimeters to
apprbximately 4.8 millimeters (0.06 to 0.19 inches), preferably about 3.3 millimeters
(0.13 inches) radially outwardly from the smooth print roll 72 is adequately positioned
for the process of manufacture disclosed herein.

In operation, the substrate 24, with protrusions 23 having a prong attachment
surface 25, is transported in a first direction relative to the depositing means 76. More
particularly, the substrate 24 is transported through the nip 70, preferentially drawn by
a take-up roll (not shown). This provides a clean area of substrate 24, with protrusions
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The arigle a of the shank 28 nmay be generally perpendicular to the plane of
the prongwosegisent surface 25, or is preferably oriented i RCAVSAEAI426
angul ar relation relative thereto to provide increased peel strength in a
particular direction, which direction is generally parallel to the maxi mum
| ongi tudi nal projection 38. However, the angl @8 a of the shank 28 shoul d not
devi at e excessively fromthe perpendicular, otherwi se a fastening system 20
of nore directionally specifi c shear strength results. For the enbodi nent

descri bed hereinpsa 22aipofithe attathmient sorfacecRfdof
about 80, prefer 28 {6t ehtinuels o sﬁﬁmaﬂp&mﬂs pofitheprong et surfi the

b
28 is less than 3 %8&%‘?‘1? f5 e‘{r"rﬁ ﬂ?nﬁ?ﬂ(w%o%b' c%‘ﬁ%‘?%gﬁaggtbﬁ‘&oém"??ﬁ fePdSited
nonper pendi cul ar ltheredn. eThe directiont generally patadlebiathe principad dinegtion of transpegraf the

surface 25 (Wthghﬂ?ﬂﬁgf{/ . ehq;aks%é r%hg 'EﬂeexﬂPan Erl')eferfgaeco'di&ﬁé"ﬁfa\thﬁxatditeﬂﬂon

pl ane 40-40 and w can ed to deter e th e
"of the |eading e WAC Fﬁjdﬂﬁémtﬂr’aﬁ |“PFB Qf{;é’Mé‘er BroYi % gl{]lﬁ‘érep ’aﬁ%ggﬂ' erally
the prong at t achgeibgdiil it eeBrling Coftletecsmboth primts eslh 7| and babking Sealll 34.i Fhe

direction generally orthogonal to the machine direction and parallel to the plane of the
substrate 24 is referred to as the "cross-machine direction.”

The substrate 24 may be drawn through the nip 70 at a speed approximately 2%
to approximately 10% greater than the surface speed of the rolls 72 and 74. This is
done to minimize bunching or puckering of the substrate 24 near the means for
severing 78 the prongs 22 from the means for depositing the prong material on the
prong attachment surface 25. The substrate 24 is transported through the nip 70 in the -
first direction at about 3 to about 31 meters per minute (10 to 100 feet per minute).

The angle o 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 more nearly
perpendicular to the prong attachment surface 25 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 o of the shank 28 decreases and an engaging means 30 have a
greater lateral 'projectmn 38 will result.

If desired, the substrate 24 may be inclined at an angle £, approximately 35° to-
approximately 55°, preferably about 45°, from the plane of the nip 70 towards the
backing roll 74 to utilize the viscoelastic nature of the prong material and properly
orient the engaging means 30 in the lateral direction, as well as longitudinal direction.
This arrangement also provides a greater force to pull the prong 22 away from the
print roll 72. The angle I from the plane of the nip 70 should be increased as a lesser
angle o of the shank 28 is desired. Also, increasing the angle X of deviation from the
plane of the nip 70 has a weak, but positive effect to produce engaging means 30
having a greater ldteral projection 38. :

After depositing prong material from the smooth applicator roll 72 onto the
prong attachment surface 25, the rolls 72 and 74 continue rotation, in the directions
indicated by the arrows 75 of Figure 5. This results in a period of relative
displacement between the transported substrate 24 and the smooth print roll 72 during
which period (prior to severing) the prong material bridges the prong attachment
surface 25 and print roll 72. As relative displacement continues, the prong material is
stretched until severing occurs and the prong 22 is separated from the smooth

[ S
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11 poiknt 44 and 75 %trailing point 48 are found as descri bed above. The
base 26 | emgi9ag2338i nt 50 is found as follows. The |ine throud@CIVURIAOITE 26
upon the prong attachnment surface 25 as viewed in profile is brought to

i ntersect” the | eadi ng edge 42 of the shank 28. This intersection is the
"kase | eading point" 50. As noted above, m n®6 discontinuities in the
shank 28 near the base 26, incident to attachnent to the prong attachnent
“surface 25, are not considered when deternining the base |eadi ng point 50.

The 75% | eadi ng %gﬁmﬂ& R 7S, Mﬁ! Ssef HUIGAT@E (B o sirbicA* Ghllans tDSinéreadeN linear
base | eadi ng edge,42 point 50. This sgr Lght |ine forns “i’n 'Qél uded 'agﬂle
(orr] relative i GIEARION fhlsasa PSR AL WHICh IGERTReODEr RbdenBlly HmaRe oy the
in the direction lifé of te fasteging sylern20. center of the shank 28. The angle
[err] is referred to . fot ' J:

| eadi ng edge angl e. T?\% %g@é?e?%l é’?’?’?’n‘zc‘ﬁ%%?n? g%i%?ggﬁ"é? g‘fﬁofndyl&sﬂ%?é%_g 22 from
180[ err] f.rom t hdhe smeothapplieaiormlh¥2 8y partinfhe preaess whichdprms theengaging means
and found as fol I3pws Wheh&elérg, 4 praitoP? i) RorgRodinaly divided! k> BoG parls). a aithl end

cO eSPONAING! Y Lhe et s ik i i nE T Yy %l £ i oo
. shown) which remains with the smooth applicator roll 72 and may be recycled, as
desired. After the prongs 22 are severed from the moil, the fastening system 20 is
allowed to freeze prior to contact of. the prongs 22 with other objects. After
solidification of the prongs 22, the substrate 24 may be wound into a roll for storage as
desired. '

A nonlimiting illustration of the process shows the prong material to be
disposed in the trough 80 and heated by means commonly known to one skilled in the
art, to a temperature somewhat above the melting point. If a polyester resin hot melt
adhesive is selected, a material temperature of approximately 177-193°C, preferably
about 186°C has been found suitable. - If a polyamide resin is selected, a material
temperature of approximately 193-213°C, preferably about 200°C has been found
suitable. A one sided bleached kraft paper substrate 24 having protrusions 23 about
0.008 to abou{ 0.15 millimeters (0.003 to 0.006 inches) in thickness works well with
hot melt adhesive prongs 22. The prongs 22 are joined to the prong attachment surface
25 on the bleached side of the kraft paper substrate 24.

For the illustrated operation described herein, a substrate with protrusions 23
having an arfay of 8 rows of protﬁberances 23 per centimeter (20 rows per inch),
yielding 64 protuberances 23 per square centimeter (400 per square inch), is suitable.
This g‘rid density may be advantageously used with a smooth application roll 72 having
a diameter of about 16 centimeters (6.3 inches), in diameter. A backing roll 74 having
a diameter of about 15.2 centimeters (6.0 inches) and vertically registered has been
found to work well with the aforementioned smooth application roll 72. The rate of .

. transport of the substrate 24 is about 3.0 meters per minute (10 feet per minute).

A nickel-chromium hot wire 78 having a diameter of about 0.5 millimeters
(0.02 inches) disposed approximately 18 millimeters (0.72 inches) from the nip point
70 in the machine direction, approximately 0.3 millimeters (0.13 inches) radially
outwardly from the print roll 72 and approximately 6.4 millimeters (0.25 inches)
radially outwardly from the backing roll 74 is heated to a temperature of about 382°C.
The fastening system 20 produced by this operation is substantially similar to that
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Intersection is the "base-trailing point." As noted above, m nor

di scont i nWW@ 922339 t he shank 28 near the base 26, incident tBCHUSMHMANt to
thé prong attachnment surface 25 is not considered when determning the base
trailing point 52. As described above, the 75%trailing point 48 is
cannected with thé base trailing point 52 by @7straight line. This straight
line forms an included angle [err] relative to the plane of the prong
attachment surface 25 and opening in the direction of the origin 36 and

center of the shaiistrited %Euféci Ugiieh ma&hﬁzg[s%tein 205mayebeaamw€am§y inerporated

angle of the trai,Ulj the tra I|ng edge an
| eadi ng edge 42 r}ﬁ ﬁ 'bveead'é‘éleﬁ’gﬁf%@ N-es [err] and [err] ‘define

the parallelism of t héNnhuted:em’g tidued biyzank m&lcula’r thtwey,amg belidved that ahel géametty

of the leading a
ot her (do nlot gad to ar#ag{hgtrﬁ%F{%O‘E ??éqif{hﬁd% err@i}xi foQﬁé’g}dﬂg}?ﬂChrhe
shank 28 are sai drailing,edgeotd of she ETOHSI? ispsueldedoand, insulg Qé‘eﬁtr griginating
nonparal l el, the fﬁdmawbévehn@eﬁeanhﬂsh Cleriveriely, ke Radihg edgen? Jis dh’dct[)eéiﬂosed to

l(ggglnﬁgt :3123 E Pgl F’l?eag } ‘?F{hggsfg&g‘ﬁdh% rzgpgg FE/e s"%? ?‘?ﬁs V\@égel?goer Above

or bel ow t he pl astowdy mmmaamhmrtmbnﬂéxﬁe Qsoolsf The: resuljingsdifferential

and [err] of the cogmil hite Radkes efnfatith of the leading edge 42 and contraction of the trailing
edge 46, relative to each other. As this differential cooling rate is increased, a
relatively longer engaging means 30 is formed.

Referring to Figure 6, if a fastening system 20'' of more nearly isotropic peel
strength is desired, such a fastening system 20'* may be formed by modifying the
fastening system 20 of Figure 1 through a second stage differential temperature
process. As illustrated in Figure 6, the fastening system 20 of Figure 1 is further
processed to provide shanks 28'* with engaging means 30'* which radially extend from
the shanks 28'' in various lateral directions of a generally random orientation. The
phrase "random orientation” means having lateral projections and profile views which
significantly deviate in direction from those of the nearby prongs 22''. '

This sthucture s accomplished by establishing a temperature differential
between the profile surfaces or leading surfaces 42 and the trailing surfaces 46 of the
prongs 22 of the fastening system 20 of Figure 1. Such temperature differential may
be enhanced by radiation or preferably convection. '

Upon attaining a temperature differential of the leading surface 42'' or the
profile surfaces relative to" the trailing surface 46'', the engaging means 30'' will
substantially change or even reverse the orientation of lateral projection, 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 by any
source known to one skilled in the art, such as a heated wire or metal element, and
preferably an air gun 84, disposed above the prongs 22'* and capable of providing a
directed temperature differential to the fastening system 20",

It is desired that the directed temperature differential source direct an air
current towards the fastening system 20'' within about + 90° of the first direction of
the substrate 24'* travel, which is the machine direction. As used herein, the phrase
"+ 90° of the first direction" means a direction having a vector component generally
perpendicular to or generally counter to the first direction of travel of the substrate 24"
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edges 42 and 46 are unequal and the lines defining such angles intersect
above thewpimnz.mf the prong attachnment surface 25 (| ongltuthrTéW%’o““
outwardly of the base 26), the prong 22 will converge fromthe base 26
towards the distal end and engaging means 30. Only if the angles [err] and
[err] of the leading and trailing edges 42 ar2B 46 have the sanme sense i.e.,
are oriented in the same direction, and supplenmentary magnitudes are 12
the angles [err] and [err] of the Ieading and trailing edges 42 and 46

gﬁ;ﬁrkngeﬂaa?nbegﬁclﬂiéghclﬁﬁde Bﬁﬁe%ir@éiﬁmoé]enbﬁﬂ %bﬁw'ﬁei’l& first bﬂfecplmnadﬂtﬂlvel A
with the pronggattachﬂfjeﬁ'g @‘ cﬁ?m’fg a‘gﬁ ﬁ% sg) f‘%”]qi??g §t] Ll‘?ra'hkle of

suitable. A trai hbow 1sd‘gmlatﬁ/em|m:fsodmmntqfanaw¢lrc§ substal éhtr foum B4 is

the prong attach ar e
A shank 28 havi na@ o I angf rr e 5f2 6f]thé?f‘drigs:ﬁ[ bflhd fasetingadysem

edges 42 and 46 rkgndezqnemllwmeﬂeaftb? t o W“gﬁe%f?l?énpg?gﬁsn%cqt L& ngﬂd

angles [err] of claimed herein. Directing the temperature differential of source 84 directly. towards

the leading surface 42'* of a prong 22'' will result in the lateral projection 38'* of the
engaging means 30'* rotating, to change the orientation of the lateral projection about

180°. Prongs 22'* disposed somewhat to the side, i.e. in the cross-machine direction, .
of the directed temperature differential source 84 will not have the engaging means

30" rotated about 180°, but instead engaging means 30'' more nearly rotated about 90
°, Thus, it is apparent that a directed temperature differential source 84 oriented in the
cross-machine direction will provide a fastening system 20'* having prongs 22'* with

various lateral orientations in the cross-machine direction according to the prong ‘22

position relative to the temperature differential source 84.

An air gun 84 discharging air at a temperature of about 88°C at a distance of
about 46 centimeters (18 inches) from the substrate 24'' is a suitable differential
temperature source. A 133-348 series heat gun sold by the Dayton Electric
Manufacturing Company of Chicago, Illinois oriented at about 45° relative to the plane
of the substrad: 24" and disposed about 46 centimeters (18 inches) from the prongs
produces a fastening system 20'* pattern substantmlly similar to that shown in Figure
6. It will be apparent to one skilled in the art that 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 engaging means 30" in a
.regular, somewhat striped pattern.

Without being bound by any theory, it is believed that the change in orientation
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 trailing surface 46'', which may
occur if the temperature of the discharged air from the directed temperature source
differential source 84 is less than the temperature of the periphery of such profile
surfaces or leading surface 42''. The temperature differential resulting from the
coohng causes contraction of the portion of the prong 22'' towards which the
temperature differential source 84 is directed. This contraction may result in a change
in the orientation of the engaging means 30'' and lateral projection 38'‘, due to the
differential cooling of the leading surface 42'' relative to the trailing surface 46''.
Without being bound by further theory, it is believed that relief of residual stresses
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t he shank ,28 to vield a t apered shank 28, advantageously ori | ative
to“the pr%’% chnment surface 25 to provide high shear and%@&@@r“&gt hs
wi t hout requiring excessive prong material. The foregoing neasurenents are
easily made using a Mobdel 100-00 115 goni onet sold by Rane'-Hart, Inc. of

Mount ai n Lakes, New Jersey..- If nore precise surenent is desired, it wll
‘be recogni zed by one skilled in the art that determ nation of the profile
view, origin 36, cutting plane 40-40, |leading angle [err] trailing angle

[err], base poi nwhickOocoud duging 7époling onap dénfluence: thel@hangedint prentatipine of dhe Jlateral
t he shank 28 can Rﬁ\efggxggt:ggeousl y perfornmed by maki ng a phot ograph of the
prong 22. A m)deP '

New Bedf or d, Massachuge‘gﬁﬁg%nggﬁg!&eg;%%gmpﬁf g@?‘y F‘QFTQ ytuﬁ'lﬁ'gé@.“grafe

necessary, sever fdasipleot Bor exunspletes piomgt 2K bavitg anl ehgaging) mehine 30rprotrading in more

e Prol oty e e, B et ALl b, 225 46 AU by

engagi ng means 3¢ommonlyt knows wethods athep thani the neshpdsthergip desasibedatlf desired, caly

el evation which ghd RiSmby Be @HAAY inGhéRARGaSMANhE pPr&Re:, proviing! @fRNdrofg attachment -
surface 25 contacts at least about 180° of the periphery of such roll. |

Referring to _Figﬁre 7, if desired, and without being limited by theory, the

process for creating embossed areas 19 on a substrate 24' can-be incorporated into the

prong printing process, thereby embossing the substrate 24' and printing the prongs

22' in a single continuous procedure. The substrate 24' is passed through the nip 69'

formed between two rolls, a rubber impression roll 73' and a steel embossing roll 74°'.

The rubber impression roll 73' and the steel embossing roll 74' should be coincident

‘with the line connecting the centerlines of the rolls. The rubber impression roll 73

provides elastic cushioning enabling the embossing roll 74' to emboss the substrate 24"

with raised three dimensional impressions or embosses 19 and creating a prong

attachment surface 25. The embossing roll 74’ contains on its surface numerous raised

knobs that when pressed against the substrate 24 and the rubber impression roll 73 as it

passes throughf the nip 69', stretches the substrate producing an array of embosses 19

corresponding to the pattern of knobs contained on the embossing roll 74'. The now

embossed substrate 25’ follows the embossing roll 74' through another nip 70' formed

between two rolls, the embossing roll 74' and the smooth applicator roll 72' where

prongs are placed upon the prong attachment surface 25 of the embossed substrate 25'. .

Subsequent modifications and changes in the process and the profile and capabilities of

the prongs may be made as described above.

- | LLUSTRATIVE ARTICLE OF

USE T

An illustrative and nonlimiting example of the usage of the fastening system 20

of the present invention in an article of manufacture follows and is illustrated in Figure

8. Mechanical fastening systemis have been advantageously used in disposable

absorbent articles as disclosed in U,S. Patent No. 4,846.815, issued July 11, 1989 to

Scripps, which is incorporated herein by reference for the purpose of showing a diaper

110 structure and the advantageous utilization of mechanical fasteriing systems 20 in

such diaper 120 structures. .
It is known, for example, that mechanical fastening systems 120 are less easily
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engage "the strands of the receiving surface. A relatlvely | onger _shank 28
provi des tWO M@FIMt age that it can penetrate deeper into the 0?@6 '
surface and thereby all ow the engagi ng neans 30 to intercept or engage a
greater nunber of strands or fibers. Conversely, a relatively shorter shank
28 length provides the advantage ‘that a relatid¥ely stronger prong 22

results, but also provi des_correspondingly | ess penetration into the
receiving surface and nay therefore be unsuitable for receiving surfaces
such as wool or |contaminated i tiyc bitsl ahdr]utmﬂemaulmm ates adltesie tape cfaktesing dsysteaisy and;

acked strands or r .
Ps utilized, are h?‘ l\eiexﬁv ‘Ih g EE I@Eg%e\?/?%ﬁ%r@% B%I‘ECEWPE?S %El{}gﬁ;ﬂxed
fromthe prong atto&cfispasable GRPQ’CHOZB@MW@ uge PR an dnfante gAdsa: a sefasie fastening
‘el evation of abougyse: mvidesmtﬁfvamﬁgb £haP theNinitai JmayPbe tReéokBd Yo 3ée Ifesiiling of the

T O e b, B S A T St Bl | 1L, o 3

(0.035 Referring to Figure 8, there 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 infants or incontinent persons
and which is drawn between the legs, fastened about the waist of the wearer and
intended to be discarded after a single use and not to be laundered or restored. A
*disposable diaper” is a particular disposable article intended and scaled to be worn by
an infant. :

A preferred diaper 110 compnses a hqmd pervious topsheet 112, a liquid
impervious backsheet 116, and an absorbent core 118 intermediate to the topsheet 112
and backsheet 116. The topsheet 112 and backsheet 116 are at least partially

_ peripherally joined to ensure the core 118 is held in position. The diaper 110 elements
may be assembled in a Variety of conﬁgurations well known to one skilled in the art,
with a preferred configuration béing generally described in U.S. Patent 3,860,003
issued January 14, 1975 to Buell, which patent is incorporated herein by reference for

" the purpose offdisclosing a particularly preferred diaper 110 configuration.

The topsheet 112 and backsheet 116 of the diaper 110 are generally coextensive
and at least partially peripherally joined together as noted above. Joining of the
topsheet 112 and backsheet 116 may be accomplished by a hot-melt adhesive, such as
Eastobond A3 manufactured by the Eastman Chemical Products Company of
Kingsport, Tennessee. The absorbent core 118 has length and width dimensions
generally less than that of the topsheet 112 and backsheet 116. The core 118 is
interposed between the topsheet 112 and backsheet 116 in fixed relationship.

The diaper 110 periphery comprises oppositely disposed' first and second ends
122 and 124. The diaper 110 has a first waist portion 142 and a second waist portion
144 extending respectively from the first end 122 and second end 124 of the diaper 110
periphery towards the lateral centerline of the diaper 110 a distance of about one-fifth
to about one-third the length of the diaper 110. The waist portions 142 and 144
comprise those portions of the diaper 110 which, when worn, encircle the waist of the
wearer and are generally at the highest elevation of the diaper 110 when the wearer is
in the standing position. The crotch 146 of the diaper 110 is that portion of the
disposed between the first and second waist portions 142 and 144 and which, when
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13 inches).is utilized, a relatively |onger shank 28 having a greater
| ofigi t udi WA 94823¥hsi on of at |east about 1.2 millineters (O.Mguﬁ?ﬁq%ﬁ),
preferably at |east about 2.0 millinmeters (0.079 inches), is nore suitable.
As the shank 28 length increases, and shear strength correspondingly .
di.mi ni shes, the density of the protruding por8ions 23 of the substrate 24
and correspondi ngly of the prongs 22 of the fastening system 20 nay be

i ncreased to conpensate for such | oss of shear strength. At this point, it

can readily be dwﬁis"mﬁme@aem@énmelb sd:ﬂ‘théh&aﬁbﬂ that a substrate

protru5| on 23 consi st 20 egho d I

provi de additi onal hﬁg aouls?) e %’ %SSS ﬁ%§ %rsgﬁjs‘;])?b]hbf%& '%%“W‘oé liquid body
penetrate deeper exwla&est heThe: @bsorbeny m;anlsl8 Ah@enerwlhmnresg le, o cerfornable s and
19 area of a subgbhipfigting tbsmé laﬁnpéfoma&véa@&r e Qrefertéd emfermnﬂhs mﬁs‘tSand second

Pl aci ng the pron t he subs 24 al | ows

prong 22 to encaggmsﬁ‘il ga‘i?F ag@ géd%‘fFﬁl f'ﬁ'g‘ éﬁﬂ@ég{agy igs%lé&er%eqne opposed

pressed agai nst fdve ofithercoré1i18 isoriemed tonardstheltopshedt |1d2mnd ftlke pthengppaséd Faze lis

any fibers of a ﬁ SLY nga[rﬂé’{he %}?ksh&tﬁﬁgmtt' ng the prong engagi ng neans 30
1 OW ac

openi ng to descend be e su € of 'the substrate 24. This |ocking
phenonenon does not The absorbent core 118 is superimposed on the backsheet 116 and preferably

joined thereto by any means well known in the art such as adhesive bonding. In a
particularly preferred embodiment, adhesive bonding is accomplished by longitudinal
adhesive bands which join the core 118 to the backsheet 116. The backsheet 116 is

. impervious to liquids and prevents liquids absorbed by and contained in the absorbent
core 118 from wetting undergarments, clothing, bedding and any other objects which
contact the diaper 110. As used herein, the term “backsheet" refers to any barrier
disposed outwardly of the core 118 as the diaper 110 is worn and which contains
absorbed liquids within the diaper 110. - Preferably, the backsheet 116 is a polyolefinic
film of about 0.012 to about 0.051 mm (0.0005-0.002 inches) in thickness. A
polyethylene film is particularly preferred, with a suitable film being manufactured by
the Monsanto Company of St. Louis, Missouri as film No. 8020. If desired, the
backsheet ll6‘may be embossed or matte finished to provide a more clothlike
appearance or be provided with passages to permit escape of vapors.

The topsheet 112 is compliant, tactily pleasing and nonirritating to-the wearer's
skin. - The topsheet 112 prevents contact of the absorbent core 118 and liquids therein
with the skin of the wearer. The topsheet 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 wearer while the diaper 110 is
being worn and prevents the core 118 from contacting the skin of the wearer. The
topsheet 112 may be made of woven or nonwoven materials. A preferred topsheet 112
is carded and thermally bonded by means to those skilled in the nonwoven fabrics art.
A particularly preferred topsheet 112 has a weight of about 18 to about 25 grams per

~ square meter, a minimum dry tensile strength of about 400 grams per centimeter in the
machine direction and a wet tensile strength of at least about 55 grams per centimeter
in the cross-machine direction.

The diaper 110 is provided with a fastenmg system 120 and receiving surface
153 for maintaining the first waist portion 142 and second waist portion 144 in an
overlapping configuration when the diaper 110 is worn, so that the diaper 110 is

1
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prevent the receiving surface frombeing renoved fromthe engagi ng neans 30
but’, i ncr e¥842MWY hook' s hol di ng strength. The substrate of g?‘%%’"g?%ﬁﬁt

i nventi on havi ng protuberances may al so be used as a conpressible substrate
to forma skin friendly hook fastening material. Such a friendly hook
fastening materi al and nmet hods of making such 3\2 hook f ast eni ng material are
disclosed in U S. Patent Application Serial No. 07/988, 636, "Non-Abrasive
Mechani cal Fasteni ng System And Process of Manufacture Therefore", filed
Decenber 10, 1992secufed todhé'eRrepl Thy,itHe diapés 110a ffieed tcﬁthea#eammidlasmde closure is

I ncor por at ed her ej ref v,

| ength of the sha %"%W%ﬁ?%@"@ﬁsﬁﬁg‘ngobgg#g% p%%&%ﬁlbg'%ggt#é engagi ng

means 30 from t he. pr onghefasteningesystesui2shouldiresivithe separagion farcas whinhacewrduring

is the | east perp angge fraim “sBsarith nﬁ,régsutgﬁrprtgrmr@gt@ﬁ t the
a&dw% pelisd anes “sBisarition hgr&ﬁ th

30 of const ant gl u&“sev%%aw 1201 7% e S Ty Which AR Jat e IHER,

fromthe prong at bncémeval ofithé efamexmfg systeme20dremitbe redeiving surfacaslSig Separatlon

lt \(/)mng:at ?ﬂg”g't o Egnkor@é inBUEE Both/snbf Mk 'pebt' fordes S A téth Yedt! fob A Thfe i tistributive
forces acting generally tangential to the receiving surface 153 and which may be
thought of as being generally parallel to the plane of the substrate of the fastening
system 120. The term “peel forces” refers to distributive forces acting in the generally
longitudinal direction, and perpendicular to the plane of the receiving surface 153 and
fastening system 120 substrates. : :

Shear forces are measured by tensile pulling of the fastening system 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 4.699.622 issuéd October 13, 1987, to Toussant et al., which patent is
incorporated herein by reference for the purpose of describing the measurement of
shear forces. _ - ' '

Peel fdrces 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, issued July 11, 1989, to

Scripps, which 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. Generally, the fastening system
120 and -receiving surface 153 should resist a peel force of at least 200 grams,
preferably at least about 500 grams, and more preferably, at least about 700 grams.
Furthermore, the fastening system 120 and receiving surface 153 should resist a shear
force of at least 500 grams, preferably at least about 750 grams, and more preferably
at least about 1,000 grams.
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or fiber dianeter of the intended receiving surface, and preferably about
10-times we 99re3 as such fiber or strand di aneter provi des REFHIS4/03476

i mterception or engagenent and retention of such strands or fibers by the
engagi ng neans 30 of the fastening system 20. For the enbodi nent descri bed
herein, a prong 20 having a | ongitudi nal spad3ng of about 0.2 mllinmeters
to about 0.8 mllineters (0.008 to 0.03 inches) works well. 14 The shape
of the cross section of the shank 28 is not critical. Thus the shank 28 may

be of any cross secti i 95l UikdeRed s TR T
relating to the %OSS?H%E%EW%&S%M?% %g?ggZHg The. ».cr 0SS gﬁedsit{tﬁxda:Whé b be
a

: tipn"is the
pl anar area of at10,030 {008 A% Ay recsIving, swrfacs &Péﬁﬂeér&fa'o&?tﬁ'émgh‘gﬁ?sz@
or thedengagi ng maintgin 3k firks amdsezOndibaise pottions $Hdirk ak dverdappirg condiguyation. For
tapered to decre [L,OSS..: t] >, di.st f
engagi ng' means ,3%&gﬂﬂ‘€hg‘°p‘r%§%‘3ﬁ§ ug@%@flg%gﬁ%yﬂg? r@ﬂog&gﬁﬁ ?gt@%ﬁ?;g&fg& Qf‘%e
appr oxi mat ed. Thsesoed waistpastion Mhoendbe 13&’49@“@%95&%@“‘ waist portion 142, or any

other position on the diaper 110 on which it is disposed so as to engage with the
fastening system 120. The receiving surface 153 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
across the outside surface of the second waist portion 144 to allow for maximum fit
adjustment at the waist of the wearer. As illustrated in Figure 8, the receiving surface
153 is preferably an elongate rectangularly shaped integral member secured to the
. outer surface of the second waist portion 144. _

A suitable receiving surface 153 is stitch bonded, nonwoven fabric or any other
type of fiber or loop material well known in the art. The receiving surface 153 may be
manufactured from a variety of materials which provide fiber elements, and preferably
loops capable‘of being intercepted and retained by the engaging means. Suitable
materials include nylon, polyester, polypropylene and combinations of the foregoing.
A suitable receivihg surface 153 comprises a number of fiber loops projecting from a
woven and is commercially' available as Scotchmate brand nylon woven loop No.
FJ3401, sold by the Minnesota Mining and Manufacturing- Company of St. Paul,
Minnesota. Another suitable receiving surface 153 comprises a tricot having a
plurality of nylon filament loops projecting from a nylon backing and is commercially
available form Gilford Mills of Greensboro, North Carolina and designated and
designated Gilford No. 16110. A particularly preferred receiving surface is
stitchbonded loop material sold by the Milliken Company of Spartanburg, South
Carolina under Number 970026. _ '

The fastening system 120 is intended to engage the complementary receiving
surface 153 to provide a secure fit for the diaper 110. The fastening system 120 may
-comprise any of the well known configurations utilized for achieving a side closure on |
a disposable diaper 110. The fastening system 120 substrate is joined to the diaper 110
in spaced relationship from the receiving means 153. As shown on Figure 8, the
fastening system 120 is preferably disposed on both the first and second longitudinal
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decrease in the noment of inertia of the shank 28 and engaging means 30
resul ti ng"PP4#2¥ong 22 of nore nearly constant stress when FSEfR241034A
forces are applied to the fastening system 20, and thereby di m nishes the
quantity of superfluous materials incorporated into the prong 22. To
Jmintain the desired geonetry over a wwde'ra Afe of prong 22 sizes, a
general ly uniformratio of cross sectional areas can be utilized to scale _
the prongs 22. One ratio which generally controls the overall taper of the
prong 22 is the sidesiaf the diaperalia oA prb&mdomf@nmhnmnttheufaétemag&s&nd 120

brong 95, at ¢ hahinfthizks RGP edect BEuEd herobdi o ThE iy sy8fimt 120 4 the
.el evation" ref erskllt@fﬂﬁe“'m*s Aopreferred tsymmtm @!WRIOESS@ Ytﬂheped tape
engagi ng means 3erafigethél, aéienﬁgdeiﬁtd%%l i | 96 Nowmbdreron! 19ng

cr 055 sect ! onal t‘gﬁﬁ' N s L A sgﬁs‘ﬂs Lo i ssibed o
range of about zﬁ.emlltm i8Sy Pareant ¥ 609 622viskbed Octgberet 287cior'fakmntsdneahk bofth of
whi ch tapers frQugig ?ﬁéﬁtszﬁ'gdiht@&?&%dmﬁ%rﬁ' 5? ué?&%&b%emerﬁﬁ}gb@of iAiStrating

b t 0.76 mll te ers
abou ! m:lous placements of the fastening system 120 on the disposable diaper 110.

The fastening system 120 of Figure 8 has. a manufacturer's end 156 and an
oppositely disposed user's end 158. The manufacturer's end 156 is joined to the diaper
110, preferably in juxtaposition with the first waist portion 142. The user's end 158 is
the free end and is secured to the receiving surface 153 when the diaper 110 is secured
to the wearer. _ '

After the diaper 110 is fitted about the waist of the wearer, the user's end 158
of the fastening system 120 is releasably secured to the receiving surface 153, and
preferably positioned on the second waist portion 144, thereby causing the diaper 110
to encircle the waist of the wearer. The diaper 110 has now effected a side closure.
The prongs (not shown) extend from the fastening system 120 of the user's end 158 so

. that the prong engaging means intercept the strands of the receiving surface 153.

A fasténing system 120 and complementary receiving surface 153 which
provides a resistance to peel forces in excess of 700 grams and a resistance to shear
forces in excess of 1,000 grams may be constructed as follows according to the
specific parameters of the fastening system 120 set -forth in the aforementioned
"Process of Manufacture." The com.plementary receiving surface 153 used in
conjunction with the fastening system 120 is the aforementioned Milliken Company
No. 970026 stitchbonded loop fabric.

_ The fastening system 120 is at least about 2.54 centimeters (1 inch) in width
and may be 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 comprises a matrix having about 26 prongs per square centimeter .
(169 prongs per square inch). The prongs are preferentially oriented in substantially
the same direction and face the user's end 158 of the fa§tening tape. :

In use, the diaper 110 is applied to the wearer by positioning the first waist
portion 142 around the wearer's back and drawing the remainder of the diaper 110
between the legs of the wearer so that the second waist portion 144 is disposed across -
the front of the wearer. The user's ends 158 of the fastening system 120 are then

"
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to about 0.050 inches) to a highest elevation dianmeter, of about 0.41
millineterWO2B¥Wut 0.51 nmillineters (0.016 to 0.020 i nches) PARAISBARI476
found suitable for the enbodi ment di scussed herein. Recognizabl e by one
skilled in the art is the fact that the area of the base confornms to the
area of the prong attachnment surface 25. Speci?ﬁcally, a generally circular
shaped prong attachnent surface 25 area cross section of about O0.46
mllimeters (0.018 inches) dianmeter at the highest el evation provides a
cross sectional aeawmedto thegleesivinglsarfacd 58 of tixboutsid® sdrfacecpfahe sedont iwaistpostion
0. 0003 square i circul ar shaped prong attachnent
gurface Zg and bgggqézbgfgggﬁgg%%h%n of about 1.8 niFIingters (0.040
i nches) provides a base 26 cross sectional area of about 0.81 square
mllimeters (.0013 square inches). This structure results in a ratio of
base 26 cross sectional .area to highest elevation cross sectional area of
about 5: 1, which is within the aforenentioned range. The engagi ng neans 30
is joined to the shank 28, and preferably is contiguous
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15 wit-h the distal end of the shank 28. The engagi ng neans 30 projects

radi al |y aWe@\@4R33%ut wardly fromthe periphery of shank 28, =»Qu/USe403426t her
have a vector conponent which longitudinally projects, i.e. towards or away
fromthe prong attachnent surface 25. As usgg herein the term "engagi ng
nmeans" refers to any protrusion lateral to the periphery of shank 28 (ot her
t han m nor asp¥édtis daimed: t he periphery of the shank 28), which protrusion

resi sts separgtion por, Vi T
"per i pher y" rrgans tAh efasg% Y %gstéxﬁ gf?gaat a@ﬁﬁ% ong ihﬁﬁﬁtary r?@t:eiv“t’n{,gmsurface said

r on
nmeans from or t owalfﬁ?“t"fgéyﬁéﬁ“ﬁgmf'&‘ﬂg a,suttsga g’r feasy ong gﬁ%ﬁ’ﬁ%‘?ﬂ P%Q?Sﬂ%‘&éd s
or substrate 24, waiid suptrapsg rsdidqubﬁg comprising hhhaﬂtg]buteb&t QI bage,nsanb sk eir

g5
general ly centered thin t f got nt of 1 Par
| ateral protrusi on SREIUQUE, AU ﬁ&;ﬁ ‘r{'gn‘tmwﬁsg’l t?:gﬁ%g@%gﬁe %f‘éég%ng{%'\){%mﬁgr%
the plane of the pjuneg tu saidishank a rpfta@émgsatmﬂy tfram she penphesy z»ii saidt shagkyt o
be recogni zed t hat gﬁi}&t@ﬁ‘&ﬁgh gat "BRANSubIPat@ s 8NRAY i prBHudich Sncb%ﬂ ;Jraﬁg%tsal

and | ongi tudi nal vector i s, not | mportant that a sharply
defined term nus of° “E"ﬁiet°§ r?£°t?§“ti‘|‘¥Jtsé'fj subsfatse apparent,” or that a

demar cati on between the shank 28 and
2. The fastening system according to Claim 1 comprising a plurality of prongs and
protrusions, each said prong being joined to one of said protrusions of said

substrate.

3. The fastening system according to any of the preceding claims wherein said prong is
manufactured from a thermoplastic material, more preferably a thermoplastic
material selected from the group consisting of polyesters and polyamides.

4. The fastening system according to any of the preceding claims. wherein said
engaging means comprises a hook-shaped tyne.laterally projecting substantially
beyond one side of said shank, preferably wherein each said engaging means of each
said prortg la}terally projects in substantially the same direction.

5. The fastening system according to any of the preceding claims wherein said shank
tapers in a converging fashion from said base to said engaging means, preferably
wherein said shank is oriented at an angle of from 40° to 80° relative to the plane of
said substrate.

6. The absorbent article according to any of the preceding claims wherein said
substrate is selected from the group consisting of paper, rubber, vinyl, polyolefinic
films, knitted fabric, woven materials, and nonwoven materials.

7. . The fastening system according to any of the preceding claims wherein said
substrate has from 16 to 62 protrusions per square centimeter.

8. The fastening system according to any of the preceding claims wherein said
engaging means is longitudinally spaced from said substrate at a distance of 0.2 mm
to 0.8 mm, more preferably 0.3 mm to 0.5 mm.

T
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engagt ng means 30 be discernible at all. It is only necessary that a
| angi t udi wad bar2a3p9 ent ed face of the shank 28 periphery be i npefispi/edréO
that the engagi ng means 30 has a face with a vector conponent parallel to
and facing the pl'ane of the prong attachrre(r:}t7 surface 25 and the substrate
24. The engagi ng neans 30 nmay have a greatér |ateral projection-38 than the
shank 28, or vice-versa, as desired. As illustrated in the figures, -the
engagi ng neang 30 A Jis Bﬁﬁﬁra%?%-éerﬁeépﬁélékérx Affuate and may have a reentrant
curve. If the ‘engagi ng means 30 has a Feentr ant curve, the engagi ng neans
30 includes a segnment which | ongitudinally approxi mates the prong
at t achment sur f ace FuidimgePfoss\tacksheéte 24 at the base 26 or a location
taterally spaced fromthe base 26. This segnment .is laterally directed
towards the shank 28, although the segnment need not be radially directed
towards the ori.gi miglid féreoesntypshaeyatnieasn parfidliyoperipherallpjoined t@ 2aid badkiskeet;
fastening system 20 nay laterally extend substantially in the sane
direction, if a relatively unidirectionally oriented peel strength is
desired, or may ben2RsRIBFALFORyinteAmediate saif tepshers and,prid E?f*ﬁla‘ilet;ymdsot ropi ¢
peel strengths in any lateral direction. The engagi ng neans 30 nay be hook-
Saaped t1nes Wi ol REghCR: RASHE kg hd Whodbihe e Bn & Wealdl™ Hia “Reans

- ' comprising a receiving surface joined to the absorbent article at a first position, and

the fastening system according to any of the preceding claims.

10.  The disposable absorbent - article according to Claim 9 wherein said means for
releasably securing the absorbent article on a wearer has a peel strength of at least
200 grams, preferably at least 500 grams.

.« ¢ L M s %
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generall convex outline, and penetrate the opening of the receiving
surface ‘{QWMPcept the strands or fibers of the receivi ngpcaidodfossat the
i nner radius of curvature 54 of the engaging neans 30. The interference
bet ween the engagi ng’ means 30 and strands or fibers of the receiving
'surface prevents release of the fastenin f system 20 fromthe receiving
surface until the peel strength or shearéﬂrength of the fastening 16
system 20 i s exceeded. The engagi ng means 30 should not radially project
too far in the lateral direction, otherw se the engagi ng neans 30 may not
penetrate the opening of the receiving surface. The cross section of the
' engaging neans 30 shoul d be sized to penetrate the openings of the

recei ving surface. The cross sectional area and geonetry of the engagi ng
means 30 are not critical, so long as the engagi ng neans 30 has structural
integrity which provides sufficient shear and bending strengths to
accommodate the desired peel and shear

Fig. 1
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strengths of a fastening system 20 having an array of prongs 22 of a given
densi ty. Wp4/22389 enbodi nent descri bed herein, a hook-shapedpgt/@Se£edagi N9
means 30 having a maxinum |l ateral projection 38 fromthe center of the base
26 to the renote |lateral periphery of about 0.79 mllinmeters to about 0.90
mllinmeters (0.03 to 0.04 inches) is SUiéi | e. The array of substrate
protrusions 23 and correspondingly the p gs 22 may be of any pattern and
density as desired, to achieve the peel and shear strengths required for
the particular application of the fastening system 20. Cenerally as the
array density increases, peel strength and shear strength proportionately
increase in a linear. fashion. The individual,.prongs 22 should not be so
‘closely spaced as to interfere with and preﬁg t he engagi ng nmeans 30 of

t he adj acent prongs 22 fromintercepting stran or fibers of the ?ﬁceiving
surface. 1f the prongs 22 are too closely spaced)\ conpacting or i ng of
the receiving surface strands or fibers may $4€qur \ occl ng openi ngs
bet ween the strands or fibers. Conversely, the o] 22 'S d t be so
distantly spaced as to reqméfaaﬂ,excessivg area’ ' [
system 20 of adequate shear 5% eel streng?

hs.

42
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It is advantageous to di spose the substrate protrusions 23 in rows, so that
each proRgod4npssaggeneral |y equally spaced fromthe adjacentﬂmrmmg¢azn6
CGeneral |y, the machine direction and cross-machi ne direction substrate
protrusi-ons 23 should be equally spaced fromthe adjacent nachine direction
and cross-machine direction substrate protrusions 23, to provide a
general ly uniformstress field t hr oughout3/8e fastening system 20 and the
recei ving surface when separation forces are applied to the fastenlng
system 20 and the receiving surface. As used herein the term"pitch" refers"
to the distance, measured either in the machine direction or cross-machine
direction, between the centers of the substrate protrusions 23 and
-correspondlngly the prong attachnents surfac8d\25 or the footprints of the

bases 26 of "prongs 22 in adjacent rows. Typical a fastening syste§620
havi ng an array. of prongs 22 with a pitch rangi ng\from about 1.02
mllimeters to about 5.08 mllineters (0.04 t$4Q. 28 inche In et h

directions is suitable, with a pitch of about.
20\
) /
23— \ \\
S 38—

Y L L ”IIIIIIIIIIIIIIII” LLLLY LA
27

21
24

Fig. 3
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17 2:03 mllinmeters (0.08 inches) being preferred. Adjacent cross-machine
directi ogyg 9x533¢ € preferably offset approxi mately one-hal f perigbeiazé he
cross-machine direction to double the distance in the nmachine direction
bet ween-t he adj acent cross-nmachine direction rows. The substrate
protrusions 23 and correspondingly the prongs 22 may be thought of as

di sposed in a matrix on a one square cené/@ter grid having an array of
substrate protrusions 23 and correspondingly prongs 22 with about 2 to
about 10 rows of prongs 22 per centineter (5 to 25 rows per inch) in both
t he machi ne and cross-nmachine directions, preferably about 5 rows of prongs
22 per centinmeter (13 rows per inch) in each direction. This grid wll
‘result in a fastening system 20 havi ng about 4 to about 100 prongs 22 per
square centineter (25 to 625 prongs per square inch) of substrate 24. The
fastening systems 20 prongs 22.may be made of any thermally sensitive

material which is stable and pe retai ning when solid, but not so brittle
“that failure occurs when the fastening system2@0 s subjected to separation
forces. As used herein, 29’

22|

Fig. 4
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"thernally sensitive" means a material which gradually changes fromthe
solid stwiosegi®siehe |iquid state upon the application of hedCT/HSH4/03476 | s
consi dered to have occurred when the prong 22 has fractured or can no

| onger sustain a reaction in the presence of and when subjected to
separation forces. Preferably the nmateri 3 g;as an elastic tensile nodul us,
nmeasured according to ASTM Standard D- 63 / f about 24, 600,000 to about .
31, 600, 000 kil ograns per square neter (35,00 to 45,000 pounds per square
inch). Further, the prong material should have a nelting point |ow enough
to provide for easy processing and a relatively high viscosity to provide a
tacky and tough consistency at tenperatures near the material nelting
.point, so that the shanks 28 nay be stretched and the engagi ng neans 30
easily forned according to the method of manufacture recited below It is
al so inportant that the prongs 22 be viscoelastic, to allow for nore
variation in the parameters affecti'ng prong 22 structure, and particularly
the geonetry of the engagi ng nmeans 30. Material having a conplex viscosity
rangi ng fromabout 20 to about 100 Pascal seconds at the tenperature of
application to the substrate protrusions 23 is suitable. The viscosity may
be neasured with a Rheonetrics Mdel 800 Mechani cal

Fig. 5
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Spectrometer using the dynamic operating node at a 10 Hertz sanplin
frequenowoaad2b9% material strain. A disk and plate type gm%mgﬁ
preferred, particularly with a disk having a radius of about 12.5
mllimeters and a gap of about 1.0 mllineters between the di sk and pl ate.
The prongs 22 are preferentially conpri s:.g/g:f a thernmoplastic material. The
18 term "thernoplastic" refers to uncross¥i‘hked polyners of a thermally
sensitive material which flows under the application of heat or pressure.:
Hot nelt adhesive thernoplastics are particularly well suited to '
manuf acture the fastening system 20 of the present invention, particularly
in accordance with the process described and cl ai-ned bel ow. As used herein
.the phrase "hot nelt adhesive" refers to thernoplastic conpounds, nornally
solid at roomtenperature, which becone fluid at el evated tenperatures and
which are applied in the nolten state. Exanples of hot nelt - '

30"
22

20“

24"

Fig. 6
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adhesi ves may be found in the "Handbook O Adhesives," Second Edition by
ltvi hg SKei st ublished in 1977 by Van Nostrand Rei nhol d ®CHJE/0347685 \\ést
‘50t h St @/ §/Ybrk, New York, 10020, which is .incorporated herein by
reference. Pol yester and pol yanm de hot nelt.adhesives are particularly -
suitable and preferred. As used herein, _the terns "polyester" and

¥pol yam de" nean chai ns havi ng repeatinalgster and ami de units
respectively. If a polyester hot nelt adhesive is selected, an adhesive
havi ng a conpl ex viscosity of.-.about 23 + 2 Pasgal segpnds at about

194[err] C has been found to work well. If a p@yan d&¥hot nelt adhesive'is
sel ected, an adhesive having a conpl ex viscogfty of~about 90 + 10 Pascal
seconds at about 204[err] C has been pund t gfwork”wel | . A pol yester hot
nmelt adhesive marketed by the Bostik Qonpang of” M ddl eton, Massachusetts as
No. 7199 has been found to work well. Apol@am destiqt nelt adhesive

mar ket ed by t he Henkel Conpany of Kankak®ef |1 14moi s\ under the tradenane

Macronmelt 6300 has beenpfound to work wel & | g a second enbodi ment of the
fastening system 20", ifNustrated by Figge#t, thengagi ng neans 30° nmay
be generally sem spheri Iy (nuEproon)‘; gped. T '

e

Fig. 1B
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t eram "sénispherical" neans-a generally round shape, protruding in nmultiple
directi onWOMB2Y i ncl usi ve of hemi spheres and spheres, but Patusdsfisigd to
regul ar shapes. This geonetry, particularly the generally spherically -
shaped engagi ng neans 30' structure, provides the advantage that |ess
di*sturbance to the strands of the reca\ﬂéygsurface typically occurs when
the engaging neans 30' is renoved fromt ecei ving surface. This causes

] ess’ visible damage to the receiving surface, allowing it to be reused a
greater nunber of times. If the sem spherically shaped engagi ng neans 30

is selected, the shank 28" is preferably nore nearly orthogonal to the

pl ane of the prong attachnment surface 25, to allow easier penetration into
t he openings of the receiving surface and to reduce damage to the receiving
surface as the engaging neans 30" is released fromthe receiving surface. A
shank 28' having an angle [err] of about 70[err] to about 90 is suitable.
To provide a prong 22' of the proper proportions and having a generally

112

146
118 '

" Fig. 8.
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19’jser;1'=._spheri cal engaging neans 30', the engaging neans 30" shefigH

protrude fromthe circunference of the shank 28 a |ateral di{

stfficient to iP(EPtept the VORIBINGELESTUAL FROPERTE ORGANEATINI | ace,

protrude so far that the nass of the enﬁagi n m%ans Bg iﬁ g_&%goppm
%EIIF e a.
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The invention is a refastensble mechanical fastening system, made of free formed prongs joined to an embossed or raised substrate

(24). The prongs (22) taper and are nonperpendicularly oriented relative t6:the planerof the substrate,-Each prong (22) has an engaging
means projecting laterally from the periphery of the prong. The free formied prongs afe manufactured by the process of depositing liquid
material onto the embossed or raised portion (23) of a moving substrate {24), stretching the liqiid material in a direction parallel to the
plane of the embossed or raised substrate and severing the stretched material to formlhedisulendmdengagingmuns_ofd:e prong. The
advantageous usage of the fastening system in an article of manufacture, such as a disposable absorbent garment, specifically a diaper, is
U S




pl. ane “of i t he prong att.achnment” surFace i25 to the plﬁne tangent to tihe p0| ntasﬁ
. of "t he engagl ng means. 30’ V\/mch lS Ioletudl nally Iosest to the: @A ane. -of.:

qutting pl ane 40"-40" s theryll used tOt\/n
the | ead1 edge-angl'e- and..
trailing ydge angl e [err as desCr"i"bed above. The ‘gngagl ng rneans 330 shoul a
radially project, in each “I'at eral “di'recti on, fromthe peri phery of
di st al gand 29' of the shank- 28! -at- 1-éadt about 25 cent of “the: dT’m%ter e
af the di-stal—aqnd 29’ masﬁmwmcnamcwé% &SY%'BEM about 38

EBL%G}MEN’BfS}EESP di aneter. AF@{ERED V'fd)lswmédrﬁlpfmmslmeter of the

. of Shﬁnk| 28" i's normalized to 1.0, the dianeter of the
e giggpans {30' should be at least 1.5, and preferably at least 1.75
tﬁ%gpﬁhe di amgt er of the distal X OF THEIINY Furt.hernore, the

di stal end 29 01? a‘ﬁ’Fe %?ﬁaﬂ?@ggt‘gﬁﬁgggﬁttﬂz%énggﬁ h‘[%&a%o%émg{) 816‘1'5
-+ \r,ogle,rlu; fofm& tparticdlazlyetoe fas:ﬂm@eymm aavmacfrqeg oried: pEONgH AtRched' to the
gt t achnment su #ﬁgfﬁ 5*’3‘??9 oarllgglﬂtss I na aqg‘m%%gfmﬁ\‘gﬁ%ﬁg%ﬁgﬂ%g&ng%'
may range fro$¥steat 0.5 to .

: BACKGROUND OF THE INVENTION _

Refastenable mechanical fastening systems are well known in the art.
Typically, such fastening systems involve two major components, a prong that is
joined to a substrate that engages with a complementary second component, “the
receiving surface. A projection of the prong of the fastening system penetrates the
receiving surface and either engages or intercepts strands or fibers of the receiving
surface. The resulting mechanical interference and physical obstruction prevent
removal of the fastening system from the receiving surface until the separation forces
exceed either the peel or shear strength of the fastening system.

Refastenable mechanical fastening systems have been disclosed by a number of
references. Examples include: U.S, Patent No, 2,717,437, issued September 13, 1955
to de Mestral: 1.S. Patent 3.009,235 issued November 11, 1961 to de Mestral; U.S.
Patent No. 3.147.528, issued September 8, 1964 to Erb; U.S. Patent No. 3,504,863,
issued July 27, 1971 to Erb; U.S. Patent No. 3,708,833, issued January 9, 1973 to
Ribich et al.; 1S, Patent No, 3,943,981, issued March 16, 1976 to De Brabandar;
IJ_,_S_._Ea:mt_N_Q._i.Z_LQ..ZS_Z. issued August S, 1980 to Schams et al.; 1S, Patent No.
4,307,493, issued December 29, 1981 to Ochiai; U.S. Patent No. 4,330,907, issued
May 25, 1982 to Ochiai; U.S. Patent No, 4,454,183, issued June 12, 1984 to
Wollman; U.S, Patent No, 4,463,486, issued August 7, 1984 to Matsuda; LL.S, Patent
No. 4,984,339, issued January 15, 1991 to Provost et al.; 1.S. Patent No. 5,058,247
issued October 22, 1991 to Thomas et al. and 1S, Patent 5,116,563 issued May 26,
1992 to Thomas et al. An additional reference of interest includes: European Patent
No. 276,970, filed January 26, 1988, by the Procter & Gamble Company in the name
of Scripps.

It is an object of the present invention to provide a free formed mechanical
fastening system attached to a protrusion located on the substrate surface, the prong is
produced by a method of manufacture similar to gravure printing. However, instead
of utilizing an engraved print roll, a substrate having protrusio‘ns is used. It is also an
object of this invention to provide a fastening system attached to protrusions on the
substrate which have tapered prongs that do not perpendxcularly project from the
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about 1.5 tines the dianeter of the distal end 29' of the shank 28' . The
fastening system 20' of Figure 4 is nade by heating the-engagi ng neans 30
and distal end of the fastening system 20 of Figure
melting point. This is acconplished by bringing the
di stal ends of the prongs 22 to a heat source longit dlnaII di rect ed
toward the plane of the substrate so that the base ' ARRd99%e

proxi mal end of the shank 28 are .not heated to at | ast the mel ting {pqi nt.
A suitable method is to bring the highest2el evation e prong to w tfthin
about 3.3 mllineters to about 10.1 mllineters (0.1 LQ..Q 4 inches) of Ja
heat source, such as a hot wire heated to about 440[err]C. The |eading edge

angle [err] ﬁ bwggedge angle [err] of the prong 22' wll be simlar
to that of the correspondi ng hook-sh | e_engagi ng neans prong
22, from which the senm sphdiRls 5ilNg-GRER st yl e prong 22

was fornmed. The invention comprises a fastemng system which is affixed to protrusions on a
substrate which attach to a complememary receiving surface. The fastenmg system has
at least one protrusion on the substrate surface and at least one free formed prong,
attached to the protrusion, comprising a base, shank and engaging means. The base of
the prong is joined to the prong attachment surface of the protrusion of the substrate.
The shank is contiguous with and projects outwardly from the base. The engaging
means is joined to the shank and projects laterally beyond the periphery of the shank.
The .shank is nonperpendicularly oriented relative to the plane of the substrate.  The
shank has a leading edge and a trailing edge defining a leading angle and trailing angle
respectively. The leading angle and trailing angle are substantially different from each
other, so that the sides of the shank are nonparallel.

The fastening system may be made according to the process comprising the
steps of heating a thermally sensitive material sufficiently to reduce its viscosity for
processing, and preferably to at least its melting point. A means to deposit discrete
amounts of the heated material is provided. - The substrate having protrusions to which
the material is to be joined is transported in a first direction relative to the means for
depositing the material. The material is deposited upon the protruding portions of the
transported substrate in discrete amounts. The discrete amounts of material are then
stretched in a direction having a component generally parallel to the plane of the
substrate and the stretched material is severed to form a distal end and engaging
means. |

An illustrative and suitable, but nonlimiting, use for the fastening system

~ produced by the process of the present invention is in conjunction with a disposable
absorbent garment, such as a diaper. This example of one usage of the present
invention is more fully described below.
F N OF R

While the Specification concludes with claims particularly pointing out and
distinctly claiming the invention, it is believed the invention will be better understood
from the following description taken in conjunction with the associated drawings in
which like elements are described by the same reference numeral and related elements

are designated by adding one or more prime symbols or incrementing the numeral by
100:

S land

Figure 1 is a perspective view of a single prong of the fastening system of the
present invention placed upon a substrate protrusion. The substrate protrusion is an



This occurs because the angle [err] of the shank 28" and | eadi ng edge and
. trailing edge angles [err] and [err] do not substant gyt s—the
engagi ng nmeans 30 of Figure 2 is heated and nelted t ] EWI@HSET
engagi ng neans 30' of Figure 4. For the aforenentiorfed MII1ken 97002¢
receiving surface, the engagi ng neans 30' of Figure |4 |shoBlAPRoMgEr abliy
have a |l ateral and |ongitudinal dinension of about Q. 529 millimeterg go
about 0.032 millimeters (.001 inches), and be dispoge '
havi ng a base 26" dianeter of about 0.30 mllinmeterd to about 0.045
mllinmeters (.012 to .002 inches) and a diameter at the distal end 29 of
about 0.016 mllinmeters to about 0.020 mllinmeters (0.0006 to 0.0007

i nches). Theeﬁrbﬁgsal_ end 29" of the shank 28" shoul d-be di sposed between

about ‘0.44 m 1T ngters_and about 0,50 millimeters (.0Q17 inches to .020 -
i nches) above t heFiguI%@ isa schamaticide elevatiopaleview f e single prongaefjthe fastening
engagi ng neasystéi showaoitl Bighfk, a | ateral projection 38 of about 0.56

about 0. 64 i 11| nifre 38 adsherilE e eibyiudnl v simigs s AU, e et i) ng
system 20 aSéhsiatenprotaysioneispa agised areasenThemaised, akea comprises two attachment
' surfaces; a prong attachment surface and a substrate attachment surface. |

Figure 4 is a schematic elevational view of a second embodiment having a
generally semispherically shaped engaging means placed upon an emboss.

Figure 5 is a schematic side elevational view of one apparatus which can be
used to produce the fastening system of the present invention. '

Figure 6 is a perspective view of a fastening system of the present invention
wherein the engaging means are oriented in substantially random directions and placed
upon an emboss. : _

Figure 7 is a schematic side elevational view of another apparatus which can be
used to both emboss a suitable substrate and produce_the fastening system of the
present invention. _

Figure 8 is a perspective view of a disposable absorbent garment utilizing the
fastening system of the present invention. _

DETAILED DESCRIPTION OF THE INVENTION

By “protrusion,” *protruding" or *protuberance” as used herein, means a
portion of the substrate or an element affixed to the substrate surface which is higher in
relief from the plane of the surface of the substrate, and has a surface to which a prong
can be joined. '

_ ‘By "prong attachment surface" as used herein, means that portion of a
protrusion or protuberance to which a prong will be joined.

The fastening system 20 of the present invention comprises at least one prong
22, and preferably an array of prongs 22, joined to the protruding portion 23 of a
substrate 24 in a predetermined pattern. The prongs 22 have a base 26, shank 28 and
engaging means 30. The bases 26 of the prongs 22 contact and adhere to the prong
attachment su{face 25, of the substrate protrusions 23, and support the proximal ends
of the shanks 28. The shanks 28 project outwardly from the substrate protrusions 23.
The shanks 28 terminate at a distal end which is joined to an engaging ‘means 30. The
engaging means 30 radially project laterally from the shanks 28 in one or more
directions and may resemble a hook-shaped tine. As used herein, the term “lateral”
means having a vector component 'generally parallel to the plane of the prong
attachment surface 25 at the principal prong 22 under consideration. The projection of _




menuf act ured usi ng a process simlar to gravure printing. Gavure printing

Is well known in the art as illustrated by U S. PgERT : 0 i ssued
" February 17, 1988, to Sheath et al. and incorpor at MM"BSS jidr ence to

illustrate the state of the art simlar to the present invention.} Anot her
ref erence which produces simlar prongs is U S. Patent JNWPR5I9916,[563 i ssued
May 26, 1992 to Thomas et al. and incorporated hefej n by referende.
Referring now to Figure 5 the substrate 24 contai hi ng-protrustons 23 is
passed through the nip 70 forned between tdw rollf, a snooth print jroll 72
and a backing roll 74. The rolls 72 and 74 have substantially nutually
paral l el centerlines disposed generally parallel to the plane of the prong

attachnment suynf@e8side mdis 30CfroMOhe  shhutk 28 pe Bﬁer?qwél&é’raﬁﬂﬂe&ﬂmaﬂﬁ)%oﬁx@t ed

about the respec |ve cen rllnes an have nera ual

vel ocities, i“REINHMFARH ﬁﬁé’eﬁﬂ‘“ r‘%@t‘? erg?n ﬁ“ﬁcﬁ“ﬁgﬁceig“m ishown).

desired, one The dngaging Ineecans 80 tis joinednio, and breT&ahlycbdnhgudmc,\knthhe dlistal &hdrofy

be driven by g prong 22. It will be apparent the engaging means 30 may be joined to the prong
22 at a position between the base 26 and the distal end of the shank 28.

An array of prongs 22 may be produced by any suitable method, including
methods which yield a free formed prong 22 as described and claimed hereinbelow.
As used herein, the term “free formed” means a structure which is not removed from a
mold cavity or extrusion die in solid form or with a defined shape. The prongs 22 are
deposited onto the prong attachment surface 25 of the substrate protrusions 23 of a
noncontiguous substrate 24 in a molten, preferably liquid state and solidify, by cooling
until rigid and preferably freezing, into the desired structure and shape as described
‘hereinafter.

A free formed array of prongs 22 is preferably produced by a manufacturing
process which is similar to that process commonly known as gravure printing. Using
this process, a substrate 24 having protrusions 23 is passed between the nip 70 of two
generally cylindrical rolls, a print roll 72 and a backing roll 74, as illustrated at Figure
5. The rolls 72 and 74 have generally parallel centerlines and are maintained such that
at least roll 72 is in a contacting relationship with the prong attachment surface 25 of
the protruding portions 23 of the substrate 24 as it passe through the nip 70. One of
the rolls, referred to as the print roll 72, is smooth and is covered with a thin layer of
thermally sensitive material. As the protruding portions 23 of the substrate 24 passes
through the nip 70 between the print roll 72 and the second roll, referred to as the
backing roll 74, thermally sensitive material is deposited upon the prong attachment
surface 25 of the substrate protrusions 23. The pattern of substrate protrusions 23
correspond to the pattern of the prong array 22 which will be produced. Ddring this
process the nip 70 should be fixed and open, having a gap sufficient to allow the
pattern of substrate protrusions 23 to contact and append adhesive material from the
smooth print roll 72. Liquid, thermally sensitive material, preferably thermoplastic
material, from which the prongs 22 are to be formed is supplied from a heated source,
such as a trough 80. The thermally sensitive material is introduced onto the smooth
print roll 72 as it is rotated about its centerline. The smooth print roll 72 with the
thermally sensitive material spread upon its surface contacts only the substrate
protrusions 23, and preferably only the prong attachment surfaces 25. Therefore,
preferably, deposit of the thermally sensitive material is made exclusively on the prong
attachment surfaces 25 of the substrate protrusions 23.




21 an external notive force (not shown). An alternating current electric
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moil of the prong 22 is severed from the engaging means 30 by a severing means 78.

Due to the viscoelastic properties of the thennoplastlc, the prong 22 retracts under the
influences of gravity and shrinkage which occurs during cooling. The prong 22 then
cools, and preferably freezes, into a solid structure having the engaging means 30

: conuguous with the shank 28.

The fastening system 20 is secured to a complementary receiving surface. As
used herein, the term “receiving surface” to which the engaging means 30 of the
fastening system 20 are secured refers to any plane or surface having an exposed face
with tightly spaced openings complementary to the engaging means 30 and defined by
one or more strands or fibers or, alternatively, which exposed face is capable of
Jocalized elastic deformation so that the engaging means 30 may become entrapped and
not withdrawn without interference. The openings or localized elastic deformations
allow for entry of the engaging means 30 into the plane of the receiving surface, while
the strands (or nondeformed material) of the receiving surface interposed between the
openings (or deformed areas) prevent withdrawal or release of the fastening system 20
until desired by the user or either the peel or shear strength of the fastening system 20
is otherwise exceeded. The plane of the receiving surface may be flat or curved.

A receiving surface having strands or fibers, is said to be "complementary” if
the openings between strands or fibers are sized to aliow at least one engaging means
30 to penetrate into the plane of the receiving surface, and the strands are sized to be
engaged or intercepted by the engaging means 30. A receiving surface which is locally
deformable is said to be “complementary” if at least one engaging means 30 is able to
cause a localized disturbance to the plane of the receiving surface, which disturbance
resists removal or separation of the fastening system 20 from the receiving surface.

Suitable receiving surfaces include reticulated foams, knitted fabrics, nonwoven
materials, and stitchbonded loop materials, such as Velcro brand loop materials sold by
Velcro USA of Manchester, New Hampshire. A particularly suitable receiving surface
is stitchbonded fabric Number 970026 sold by the Milliken Company of Spartanburg,
South Carolina.

Referring back to Figures 2 and 3 to examine the components of the fastening
system 20 in more detail, the substrate 24 of the fastening system 20 should be strong
enough to preclude tearing and separation of individual prongs 22. The substrate 24



fromthe bulk formand dose such material onto the prong attachnent surface
25. The cross sectional area of the prong attachnent .
correspondi ngly the substrate protuberances 23 generalRfPL& e ERON e
the shape of the footprint of the base 26 of the prong 2 e Cross
section of the prong attachnent surface 25 should be .aor06@ﬂﬁpﬁr99bq al
the desired cross section of the base 26. The depth of}the prong naterlJ
whi ¢h is deposited upon the snmooth print roll 72, in phr de

| ongi tudi nal |length of the prong 22, spec6f|cally t he perpendi cul ar
di stance fromthe base 26 to the point or segnent of hi-gtresT €l evati on. For
t he enbodi nent descri bed herein, the depth of the prong material spread
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substrate 248 Sy %W‘ﬁlﬂfm shlodprmips & pretmsien-sehstrate Hﬁ@!‘f%re The
conpl i ant t haubstrdte attachment surface 27 is sufficiently joined to the substrate 24 to avoid
' separating from the substrate upon removal of the engaging means 30 from the
complementary receiving surface.
Alternately, the substrate 24 should be sufficiently flexible and capable of being
stretched to form protrusions 23 which are embosses 19 as in Figure 2 The embosser
19, formed from the substrate 24 material contain a prong attachment surface 25 to
which is joined the base of a free formed prong 22 creating a base-prong attachment
surface interface. The prongs 22 will readily adhere and be capable of being joined to
an article to be secured as desired by a user. As used herein the term “join" refers to
the condition where a first member, or component, is affixed, or connected to a second
member or component, either directly; or indirectly, where the first member or
component is affixed or connected to an intermediate member, or component which in
turn is affixed, or connected, to the second member or component. The association
between the first member, or compornent, and the second member, or component, is
intended to remain for the life of the article. The "substrate” is any exposed surface
having one or more protuberances 23 consisting of embossed 19 or raised areas 21 as
illustrated in Figures 2 and 3, having a prong attachment surface 25 to which one or
more prongs 22 are joined.
The substrate 24 should also be capable of being rolled, to support conventional
manufacturing processes, flexible so that the substrate 24 may be bent or flexed in a
desired configuration, and able to withstand the heat of the liquid prongs 22 being
deposited upon the prong attachment surface 25 of the substrate protuberances 23
without melting or incurring deleterious effects until such prongs 22 freeze. The
substrate 24 should also be available in a variety of widths. Suitable substrates 24
capable of supporting protuberances 23, include knitted fabric, woven materials,
nonwoven materials, rubber, vinyl, films, particularly kraft paper and preferably
polyolefinic films. White kraft paper having a basis weight of 0.08 kilograms per
square meter (50 pounds per 3,000 squaré feet) has been found suitable.
The base 26 is the generally planar portion of the prong 22 which is attached to
the prong attachment surface 25 of the substrate protuberances 23 of the substrate 24
and is contiguous with the proximal end of the shank 28 of the prong. As used herein,

to




smooth print roll 72 to provide cushioning of the prong material as it

IS
.deposited on the prong attachnent surface 25 fromth T*'K \ ’QS : ITI' 72.
A backing roll 74 having a rubber coating with a shor|RER t¥a3r dness
of about 40 to about 60 is suitable. The snmooth print{ rioll 72 tenperdtyre
is not critical, however, the print roll 72 22" shoulid 0@ ARRIBYH t d
prevent solidification of the prongs 22 during transfler{fromthe sour|ce
t hrough the deposition on to the prong attachnent surfa Z5. Cenerallyl a
print roll 72 surface tenperature near theysource matprial tenperatureis

desired. A snmooth print roll 72 tenperature of about 197[err]C has been

found to work well. It is to be recogni zed that a chill

roll may be

necessary if th ra adver se aff c e transferred
fromthe pro ﬁ'ﬁ"eq? rﬁqrsio c!‘?ﬂt IPOTHOR ? ?Zd" h1¥l}ti |°RE'8Ftpﬂﬁét ed
i nto the backhergrongl attai’lanemsngfacnsaimf el Suhlsmm/rﬂt andosupports the shank 28 of the

_prong 22. It is rot necessary that a demarcation be apparent between the base 26 and

the shank 28. It is only important that the shank 28 not separate from the base 26 and
that the base 26 not separate from the prong attachment surface 25 during use. The
base 26 cross section should provide sufficient structural integrity, and hence area, for
the desired peel and shear strengths of the fastening system 20, based on the density of
the pattern of prongs 22 and length of the shanks 28 of the individual prongs 22 and
further provide adequate adhesion to. the prong attachment surface 25. If a longer
shank 28 is utilized, the base 26 should generally be of greater cross sectional area
providing sufficient adhesion to the prong attachment surface 25 and adequate
structural integrity.

The shape of the footprint of the base 26 on the prong attachment surface 25
will generally correspond to the area of the prong attachment surface 25. The footprint
may be enlarged by increasing the area of the prong attachment surface 25 of the
substrate protrusions 23, this will provide greater structural integrity and thus a greater
peel strength in that direction. As used herein, the term "footprint” refers to the planar
contact area of the base 26 on the prong attachment surface 25 of the protruding areas
23 of the substrate 24. The aspect ratio of the sides of the footprint should not be too
great, otherwise the prong 22 may be unstable when subjected to forces parallel to the
shorter side of the footprint. An aspect ratio of less than about 1.5:1 is preferred, and
a generally circular prong attachment surface 25 corresponding to a circular footprint is
more preferred. However, altering the shape of the footprint can result in the
formation of a free formed prong having an azimuthal angle. Such prongs are
described in greater detail in Procter & Gamble applications 4417, Serial No,
07/719211, filed in the name of Thomas et al. on June 21, 1991 and 1S, Patent No.
3,180,534, issued January 19, 1993, to Thomas et al. both herein incorporated by
reference.

For the embodlment described herein, a base 26 having a footprint of generally
circular shape placed upon a generally circular prong attachment surface 25 of a
substrate protrusion 23 being approximately 0.76 millimeters to 1.27 millimeters

-(0.030 to 0.050 inches) in diameter is suitable. If it is desired to make the fastening

system 20 have a greater peel or shear strength in a particular direction, the cross
sectional area of the prong attachment surface 25 and substrate protrusion 23 and
correspondingly the base 26 may be modified to amplify such direction, so that the
strength and structural integrity relative to the axis orthogonal to such direction



skilled in the art. This arrangenent is often necessary |f a polypropylene
‘pol yet hyl ene or other polyolefinic substrates are used Aet-ett-ad
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for the proper tenperature to apply the prongs 22 to the prong a
surface 25. Typically, a tenperature slightly above the| nel fizngpROkYY
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longitudinal spacing of the engaging means 30 from the prong attachment surface 25 of
the substrate protrusions 23. As used herein, the term "longitudinal* means in a
direction having a vector component away from the prong attachment surface 25,
which direction increases the perpendicular distance to the plane of the prong
attachment surface 25 at the bése—prong attachment interface of the prong 22, unless
otherwise specified to be a direction having a vector cqmponent towards such plane of
the prong attachment surface 25.

Associated with the shank 28 and base 26 of each prong 22 is an origin 36.
The "origin" of the shank 28 is the point which may be thought of as the center of the
base 26 and therefore the center of the prong attachment surface 25, and is typically
within the footprint of the base 26. The origin 36 is found by viewing the prong 22,
from the side view. The "side view" is any direction radially towards the shank 28
and base 26 which is also parallel to the plane of the prong attachment surface 25 of
the substrate 24. If the fastening system 20 is manufactured by the process described
and claimed below, it is preferred, but not necessary, that the prong 22 be vieweéd in
the machine and cross-machine directions, relative to the travel of the substrate 24
through the nip 70, when determining the origin 36.

The lateral distance between the remote edges of the base 26 footprint for the
particular side view under consideration is found, and this distance is bisected, yielding
the midpoint of the base 26 for such view. When bisecting the footprint of the base 26
for the particular side view under consideration, minor discontinuities (such as fillets
or asperities incident to the attachment to substrate 24) are ignored. This point is the
origin 36 of the shank 28.

The shank 28 makes an angle o with the plane of the prong attachment surface
25, substrate protrusion 23 and the substrate 24. As used herein, the term “plane of
the prong attachment surface” refers to the flat, planar surface of the substrate
protrusions at the base 26 of the principal prong 22 under consideration. The angle o
is determined as follows. The prong 22 is viewed in profile. The "profile view" of
the prong 22 is one of two particular side views and found-as follows. The prong 22 is
visually inspected from the side views such that the direction having the maximum
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i nsi de t he tthebase 20insychbdew, i.e. the origin 36 of the shank 28, to the projecuon of the

furthest laterally remote point on the prong 22 visible in such view when such point is -
longitudinally and perpendicularly projected downward to the plane of the prong
attachment surface 25. - _

It will be apparent to one skilled in the art that the maximum lateral projection

. 38 is that projection from the origin 36 to the outer periphery of the shank 28 or

engaging means 30. The side view of the prong 22 which maximizes the lateral
projection 38 is the profile view of such prong 22. It will also be apparent to one
skilled in the art that if the fastening system 20 is produced by the process described
and claimed below, the maximum lateral projection 38 is generally oriented in the
machine direction .and, hence, the profile view is generally oriented in the cross-
machine direction. The side elevational view shown in Figure 2 is one of the profile
views of the prong 22 placed upon an emboss 19. It will be further apparent to one
skilled in the art that there is another profile view, generally 180° 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. hereinbelow.

The origin 36 of the shank 28 is found, as described above, with the prong 22
in the profile view. While still maintaining the prong 22 in the profile view, an

~ imaginary cutting plane 40-40, generally parallel to the plgne of the prong attachment

surface 25 and the substrate 24, is then brought into tangency with the periphery of the
prong 22 at the point or segment of the prong 22 having the greatest perpendicular
distance from the plane of the prong attachment surface. 25. - This corresponds to the
portion of the prong 22 having the highest elevation. The imaginary cutting plane 40-
40 is then brought one-fourth of such greatest perpendicular distance closer to the
prong attachment surface of highest elevation, so that the imaginary cutting plane 40-
40 intercepts the prong 22 at a longitudinal elevation three-fourths of the perpendicular
distance from the plane of the prong attachment surface 25.

. The imaginary cutting plane 40-40 is then used to determine three points on the
prong 22. The first point is that point where the cutting plane intercepts the leading
edge 42 of the prong 22 and is referred to as the 75% leading point 44. The “leading
edge" is the apex of the periphery of the shank 28 which longitudinally faces away
from the plane of the prong attachment surface 25 and the substrate 24. The second
point is disposed about 180° through the center of the prong 22 and is the point where
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and is bisected to yield the midpoint 47 of the imaginary 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 angle a this line
defines, relative to the plane of the prong attachment surface 25, is the angle a of the
shank 28. :

Alternatively stated, the angle o which the shank 28 makes relative to the plane
of the prong attachment surface 25 is the 90° complement of that angle furthest from
the perpendicular defined by the line, found in any side view, connecting the cutting
plane midpoint 47 and the origin 36. Hence, the smallest angle relative to the plane of
the prong attachment surface 25 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 prong attachment surface 25 and orthogonal to the
perpendicular is the angle o of the shank 28. It is to be recognized that when the
prong 22 is viewed approximately in the machine direction, or approximately 180°
therefrom, the apparent angle o of the shank 28 will be about 90°. However, as
discussed above, the angle a'to be measured is that which deviates furthest from the
perpendicular and, therefore, is generally that angle o determined when the prong 22
is viewed in profile, typically from about the cross-machine direction. .

The angle a of the shank 28 may be generally perpendicular to the plane of the .
-prong attachment surface 25, or is preferably oriented in an acute angular relation
relative thereto to provide increased peel strength in a particular direction, which
direction is generally parallel to the maximum longitudinal projection 38. However,
the angle a of the shank 28 should not deviate excessively from the perpendicular,
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 80°, preferably about 65°, works well. If the angle of the shank 28 is less
than about 80°, the shank 28 is considered to be nonperpendicularly oriented relative to
the plane of the prong attachment surface 25 (without regard to lateral orientation).

“The imaginary cutting plane 40-40 and profile view can also be utilized to
determine the angles of the leading edge 42 and the trailing edge 46 relative to the
plane of the prong attachment surface 25. To determine these angles, the 75% leading
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attachment surface 25, are not considered when determining the base leading point 50.
The 75% leading edge 42 point 44 is connected by a straight line to the base leading
edge 42 point 50. This straight line forms an included angle B, relative to the plane of
the prong attachment surface 25 and opening in the direction of the origin 36 and
center of the shank 28. The angle B, is referred to as the angle of the leading edge 42
or simply the leading edge angle.

The base trailing point 52 is generally disposed 180° from the base leading
point 50, through the center of the base 26, and found as follows. The line through
the footprint of the base 26, and correspondingly the prong attachment surface 25, as
viewed in prbﬁle is brought to intersect the trailing edge 46 of the shank 28. This
intersection is the "base trailing point.” As noted above, minor discontinuities in the
shank 28 near the base 26, incident to attachment to the prong attachment surface 25 is
not considered when determining the base trailing point 52. As described above, the
75% trailing point 48 is connected with the base trailing point 52 by a straight line.
This straight line forms an included angle B, relative to the plane of the prong
attachment surface 25 and opening in the direction of the origin 36 and center of the
shank 28. The included angle B, is referred to as the angle of the trailing edge 46 or
simply the trailing edge angle.

The leading edge 42 and trailing edge 46 included angles B, and B, define the
parallelism of the sides of the shank 28. If the angles B, and B of the leading and
trailing edges 42 and 46 are not supplementary to each other (do not add to an
arithmetic sum of about 180°) the sides of the shank 28 are said to be nonparallel. If
the sides of the shank-28 are nonparallel, the straight lines which define the angles B,
and B, (connecting the base leading and trailing points 50 and 52 with the 75% leading
and trailing points 44 and 48 respectively) intersect, either above or below the plane of
the prong attachment surface 25. If the angles B, and B, of the leading and trailing
edges 42 and 46 are unequal and the lines defining such angles intersect above the

_plane of the prong attachment surface 25 (longitudinally outwardly of the base 26), the
prong 22 will converge from the base 26 towards the distal end and engaging- means
30. Only if the angles B, and B, of the leading and trailing edges 42 and 46 have the
same sense i.e., are oriented in the same direction, and supplementary magnitudes are
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i ncreased i nanth rrperature of the hot wire 78 is

decreased. It i S _ A shank 28 havmg a leadmg edge 42 which forms a leading edge angle B, with
the prong attachment surface 25 of about 45° + 30° is suitable. A trailing edge 46 |
which forms a trailing edge angle B with the prong attachment surface 25 of about 65°
4+ 30° is suitable. A shank 28 having these angles B, and f; of the leading and trailing
edges 42 and 46 works well with the aforementioned spectrum of included angles a of
the shank 28 to yield a tapered shank 28, advantageously oriented relative to the prong
attachment surface 25 to provide high shear and peel strengths without requiring
excessive prong material.

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, it will be recognized by one skilled in the art that
determination of the profile view, origin 36, cutting plane 40-40, leading angle B,,
trailing angle B,, base points 50 and 52, 75% points 44 and 48, and the angle o of the
shank 28 can be advantageously performed by making a photograph of the prong 22.
A model 1700 scanning electron microscope sold by Amray, Inc. of New Bedford,
Massachusetts has been found to work well for this purpose. If necessary, several
photographs may be taken to determine 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 protruding portions 23 of the
substrate 24 at an elevation which allows the engaging means 30 to readily intercept or
engage the strands of the receiving surface. A relatively longer shank 28 provides the
advantage that it can penetrate deeper into the receiving 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 advantage that a
relatively stronger prong 22 resuits, but also provides correspondingly less penetration
into the receiving surface and may therefore be unsuitable for receiving surfaces such
as wool or loosely stitched bonded materials which have less densely packed strands or
fibers.

If a knitted or woven material receiving surface is utilized, a relatively shorter
shank 28 having a longitudinal length from the prong attachment surface 25 to the
point or segment of highest elevation of about 0.5 millimeters (0.020 inches),
preferably at least -about 0.7 millimeters (0.028 inches), is suitable. If a high loft
material receiving surface having a caliper greater than about 0.9 millimeters (0.035
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shank 28 andhg,substrate 24 and corrcspondmgly of the prongs 22 of the fastening system 20 may

be increased to compensate for such loss of shear strength.

At this point, it can readily be discerned by one of skill in the art that a
substrate protrusion 23 consisting of an embossed 19 or raised 21 portion will provide
additional height to the prong 22 allowing the prong 22 to penetrate deeper into the
receiving means. Another advantage to an embossed 19 area of a substrate 24 is the
prongs increased “skin friendliness.” Placing the prong on an embossed 19 area of the
substrate 24 allows the prong 22 to encapsulate or submerge within the embossed 19
area when pressed against the skin. This encapsulation also allows the prongs 22 lock
any fibers of a receiving surface by permitting the pfong engaging means 30 opening
to descend below the surface of the substrate 24. This locking phenomenon does not
prevent the receiving surface from being removed from the engaging means 30 but,
increases the hook's holding strength. | |

The substrate of the present invention havmg protuberances may also be used as
a compressible substrate to form a skin friendly hook fastening material. Such a
friendly hook fastening material and methods of making such a hook fastening material

~ are disclosed in U.S. Patent Application Serial No. 07/988,636, "Non-Abrasive
Mechanical Fastening System And Process of Manufacture Therefore”, filed December
10, 1992, in the name of David J. K. Goulait et al. and is incorporated herein by
reference. | )

As described above, the longitudinal length of the shank 28 determines the
longitudinal spacing of the engaging means 30 from the prong attachment surface 25.
The "longitudinal spacing” is the least perpendicular distance from the plane of the
prong attachment surface 25 to the periphery of the engaging means 30.  For an
engaging means 30 of constant geometry, the longitudinal spacing of the engaging
means 30 from the prong attachment surface 25 becomes greater with increasing
longitudinal shank 28 length. A longitudinal spacing of at least about twice the strand
or fiber diameter of the intended receiving surface, and preferably about 10 times as
great as such fiber or strand diameter provides good interception or engagement and
retention of such strands or fibers by the engaging means 30 of the fastening system
20. For the embodiment described herein, a prong 20 hailing a longitudinal spacing of
about 0.2 millimeters to about 0.8 millimeters (0.008 to 0.03 inches) works well.

)




engagi ng nmeans 30 may not be formed. A hot wiresevering rreans 78 di sposed
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Thi s provi daelating|teakhe eross: sertios wf the base 254 'I‘hct"hrqss statiop!’ dsithe planar area of
any part of the prong 22 taken perpendicular to the shank 28 or the engaging means
30. As noted above, the shank 28 is preferably tapered to decrease in cross section as
the distal end of the shank 28 and engaging means 30 of the prong 22 are
longitudinally and laterally approximated. This arrangement provides a corresponding
decrease in the moment of inertia of the shank 28 and engaging means 30 resulting in a
prong 22 of more nearly constant stress when separation forces are applied to the
fastening system 20, and thereby diminishes the quantity of superfluous materials
incorporated into the prong 22. '

To maintain the desired geometry over a wide range of prong 22 sizes, a
generally uniform ratio of cross sectional areas can be utilized to scale the prongs 22.
One ratio which generally controls the overall taper of the prong 22 is the ratio of the
area of the prong attachment surface 25 and the cross section of the base 26 to the area
of the cross section of the prong 22, at the highest elevation of the prong 22. The
phrase "highest elevation” refers to the that point or segment of the shank 28 or the

- engaging means 30 having the greatest perpendicular distance from the plane of the
prong attachment surface 25. Typically, prongs 22 having a base 26 cross sectional
area to highest elevation cross sectional area ratio in the range of about 4:1 to about
9:1 work well. : _ _

A generally circular shank 28 which tapers from a base 26 diameter, as
discussed above, ranging from about 0.76 millimeters to about 1.27 millimeters (0.030
to about 0.050 inches) to a highest elevation diameter, of about 0.41 millimeters to
about 0.51 millimeters (0.016 to 0.020 inches) has been found suitable for the
embodiment discussed herein. Recognizable by one skilled in the art is the fact that
the area of the base conforms to the area of the prong attachment surface 25.

- Specifically, a generally circular shaped prong attachment surface 25 area cross section
of about 0.46 millimeters (0.018 inches) diameter at the highest elevation provides a
cross sectional area at highest elevation of about 0.17 square millimeters (0.0003
square inches). A generally circular shaped prong attachment surface 25 and base 26
cross section of about 1.0 millimeters (0.040 inches) provides a base 26 cross sectional
area of about 0.81 square millimeters (.0013 square inches). This structure results in a
ratio of base 26 cross sectional area to highest elevation cross sectional area of about
5:1, which is within the aforementioned range. |

The engaging means 30 is joined to the shank 28, and preferably is contiguous
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which protrusion resists separation or removal from a receiving surface. The term
*periphery” means the outer surface of the prong 22. The term "radially” means from
or towards the perpendicular to the prong attachment surface 25 or substrate 24, which
perpendicular passes through the origin 36 which is generally centered within the
footprint of the base 26. '

. Particularly, the lateral protrusion has a vector component parallel to and facing
towards the plane of the prong attachment surface 25 and the substrate 24. It is to be
recognized that the engaging means 30 and shank 28 may have both lateral and
longitudinal vector components. It is not important that a sharply defined terminus of
the shank 28 distal end be apparent, or that a demarcation between the shank 28 and
engaging means 30 be discemnible at all. It is only necessary that a longitudinally
oriented face of the shank 28 periphery be interrupted so that the engaging means 30
has a face with a vector component parallel to and facing the plane of the prong
attachment surface 25 and the substrate 24. '

The engaging means 30 may have a greater lateral projection 38 than the shank
28, or vice-versa, as desired. As illustrated in the figures, the engaging means 30 is
preferably generally arcuate and may have a reentrant curve. If the engaging means 30
has a reentrant curve, the engaging means 30 includes a segment which longitudinally
approximates the prong attachment surface 25 or the substrate 24 at the base 26 or a
location laterally spaced from the base 26. This segment is laterally directed towards
the shank 28, although 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 unidirectionally
oriented peel strength is desired, or may be randomly oriented to provide substantially
isotropic peel strengths in any lateral direction. The engaging means 30 may be hook-
shaped tines which project substantially from one side of the shank 28, defining a
generally convex outline, and penetrate the opening of the rec:eiving~ 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

t he
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the rolls 72 aiaflal’ 4cCRRE! 4V fhe’ Eigaking 'medrd 30'thasl! straGfurNintegrity which provides
sufficient shear and bending strengths to accommodate the desired peel and shear
strengths of a fastening system 20 having an array of prongs 22 of a given density.
For the embodiment described herein, a hook-shaped tine engaging means 30 having a
maximum lateral projection 38 from the center of the base 26 to the remote lateral
periphery of about 0.79 millimeters to about 0.90 millimeters (0.03 to 0.04 inches) is
suitable.

- The array of substrate protrusions 23 and correspondingly the prongs 22 may be
of any pattern and density as desired, to achieve the peel and shear strengths required
for the particular application of the fastening system 20. Generally as the array density
increases, peel strength and shear strength proportionately increase in a linear fashion.
The individual prongs 22 should not be so closely spaced as to interfere with and
prevent the engaging means 30 of the adjacent prongé 22 from intercepting strands or
fibers of the receiving surface. If the prongs 22 are too closely spaced, 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
spaced as to require an excessive area to provide a fastening system 20 of adequate
shear and peel strengths. '

Itis advantageous to dispose the substrate protrusions 23 in rows, so that each
prong 22 is generally equally spaced from the adjacent prong 22. Generally, the
machine direction and cross-machine direction substrate protrusions 23 should be
equally spaced from the adjacent machine direction and cross-machine direction
substrate protrusions 23, to 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.

As used herein the term "pitch" refers to the distance, measured either in the
machine direction or cross-machine direction, between the centers o6f the substrate
protrusions 23 and correspondingly the prong attachments surfaces 25 or the footprints
of the bases 26 of prbngs 22 in adjacent rows. Typically a fastening system 20 having
an array of prongs 22 with a pitch ranging from about 1.02 millimeters to about 5.08
millimeters (0.04 to 0.20 inches) in both directions is suitable, with a pitch of about
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The substrate protrusions 23 and correspondingly the prongs 22 may be thought

of as disposed in a matrix on a one square centimeter grid having an array of substrate
protrusions 23 and correspondingly prongs 22 with about 2 to about 10 rows of prongs
22 per centimeter (5 to 25 rows per inch) in both the machine and cross-machine
directions, preferably about S rows of prongs 22 per centimeter (13 rows per inch) in
each direction. This grid will result in a fastening syétem 20 having about 4 to about
100 prongs 22 per square centimeter (25 to 625 prongs per square inch) of substrate
24,

The fastening system's 20 prongs 22 may be made of any thermally sensitive
material which is stable and shape retaining when solid, but not so brittle that failure
occurs when the fastening system 20 is subjected to separation forces. As used herein,
"thermally sensitive” means a material which gradually changes from the solid state to
the liquid state upon the application of heat. Failure is considered to have occurred
when the prong 22 has fractured or can no longer sustain a reaction in the presence of
and when subjected to separation forces. Preferably the material has an elastic tensile
modulus, measured according to ASTM Standard D-638, of about 24,600,000 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 melting point low enough to provide
for easy processing and a relatively high viscosity to provide a tacky and tough
consistency at temperatures near the material melting point, so that the shanks 28 may
be stretched and the engaging means 30 easily formed according to the method of
manufacture recited below. It is also important that the prongs 22 be viscoelastic, to
allow for more variation in the parameters affecting prong 22 structure, and
particularly the geometry of the engaging means 30. Material having a complex
viscosity ranging from about 20 to about 100 Pascal seconds at the temperature of
application to the substrate protrusions 23 is suitable.

The viscosity may be measured with a Rheometrics Model 800 Mechanical
Spectrometer using the dynamic operating mode at a 10 Hertz sampling frequency and
10% material strain. A disk and plate type geometry is preferred, particularly with a
disk having a radius of about 12.5 millimeters and a gap of about 1.0 millimeters
between the disk and plate. '

The prongs 22 are preferéntially comprised of a thermoplastic material. The
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For the il uelgimedcbelowerAs hsed heesin theophraseothat meladhgsive mfers\m fhermoplastic
protrusi ons gsmpounds, normally solid at room temperature, which become fluid at elevated
temperatures and which are applied in the molten state. Examples of hot melt
adhesives may be found in the “Handbook Of Adhesives,” Second Edition by Irving
Skeist, published in 1977 by'Van Nostrand Reinhold Company, 135 West 50th Street,
New York, New York, 10020, which is incorporated herein by reference. Polyester
and polyamide hot melt adhesives are particularly suitable and preferred. As used
herein, the terms "polyester" and "polyamide” mean chains having repeating ester and
amide units respectively.
If a polyester hot melt adhesive is selected, an adhesive having a compiex
viscosity of about 23 4 2 Pascal seconds at about 194°C has been found to work well.
If a polyamide hot melt adhesive is selected, an adhesive having a complex viscosity of
about 90 + 10 Pascal seconds at about 204°C has been found to work well. A
polyester hot melt adhesive marketed by the Bostik Company of Middieton,
Massachusetts as No. 7199 has been found to work well. A polyamide hot melt
adhesive marketed by the Henkel Company of Kankakee, Illinois under the tradename
Macromelt 6300 has been found to work well.
In a second embodiment of the fastening system 20', illustrated by Figure 4,
the engaging means 30' may be generally semispherically (mushroom) shaped. The'
* term “"semispherical” means a generally round shape, protruding in multiple directions
and is inclusive of hemispheres and spheres, but not limited to regular shapes. This
geometry, particularly the generally spherically shaped engaging means 30' structure,
provides the advantage that less disturbance to the strands of the receiving surface
typically occurs when the engaging means 30' is removed from the receiving surface.
This causes less visible damage to the receiving surface, allowing it to be reused a
greater number of times. If the semispherically shaped engaging means 30' is
selected, the shank 28’ is preferably more nearly orthogonal to the plane of the prong
attachment surface 25, to allow easier penetration into the openings of the receiving
surface and to reduce damage to the receiving surface as the engaging means 30' is
released from the receiving surface. A shank 28’ havmg an angle o' of about 70° to
about 90° is suitable.

To provide a prong 22' of the proper proportions and having a generally
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otherwise unstable. As the angle a' of the shank 28' decreases, i.e. deviates 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 o' of the shank 28' of about 80
° works well. It is to be recognized the highest elevation measurements are to be taken
from the highest elevation of the shank 28' and not from the engaging means 30°.

For an embodiment, as illustrated in Figure 4, which does not have a smooth
transition from the shank 28' to the engaging means 30', and for which the
demarcation between the shank 28' and engaging means 30' is easily determined, the
imaginary cutting plane 40'-40' is three-fourths of the perpendicular distance from the
plane of the prong attachment surface 25 to the plane tangent to the point of the
engaging means 30' which is longitudinally closest to the plane of the prong
attachment surface 25. The cutting plane 40'-40" is then used to determine the angle a
' of the shank 28", the leading edge angle B, ' and trailing edge angle B,' as described
above. -

The engaging means 30' should radially project, in each lateral direction, from
the periphery of the distal’ end 29' of the shank 28" at least about 25 percent of the
diameter of the distal end 29" of the shank 28', and preferably at least about 38 percent
of such diameter. Alternatively stated, if the diameter of the distal end 29' of shank

-28' is normalized to 1.0, the diameter of the engaging means 30' should be at least
1.5, and preferably at least 1.75 times the diameter of the distal end 29' of the shank
28'. Furthermore, the diameter of the base 26' should be about 2.0 times the diameter
of the distal end 29' of the shank 28'. The shank 28' height should be about 1.5 to
about 2 times the diameter of the distal end 29' of the shank 28', to properly
longitudinally space the engaging means 30" from the prong attachment surface 25.
The longitudinal dimension of the engaging means 30' may range from about 0.5 to
about 1.5 times the diameter of the distal end 29' of the shank 28°.

The fastening system 20 of Figure 4 is made by heating the engaging means 30
and distal end of the fastening system 20 of Figure 2 to at least the melting point. This
is accomplished by bringing the engaging means 30 and distal ends of the prongs 22 to
a heat source longitudinally directed toward the plane of the substrate so that the base
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illustrated " Frgure b, the fastenl ng system 20 of Fi gure 1 is further
e leading edge angle B,' and trailing edge angle B," of the prong 22' will be

similar to that of the corresponding hook-shaped tine style engaging means prong 22,
from which the semispherically shaped engaging means style prong 22' was. formed.
This occurs because the angle a' of the shank 28' and leading edge and trailing edge
angles B,' and B;' do not substantially change as the engaging means 30 of Figure 2 is
heated and melted to flow into the engaging means 30' of Figure 4.
For the aforementioned Milliken 970026 receiving surface, the engaging means -
30' of Figure 4 should preferably have a lateral and longitudinal dimension of about
0.029 millimeters to about 0.032 millimeters (.001 inches), and be disposed on a shank
28' having a base 26' diameter of about 0.30 millimeters to about 0.045 millimeters
(.012 to .002 inches) and a diameter at the distal end 29' of about 0.016 millimeters to
about 0.020 millimeters (0.0006 to 0.0007 inches). The distal end 29’ of the shank
28' should be disposed between about 0.44 millimeters and about 0.50 millimeters
(.017 inches to .020 inches) above the plane of the prong attachment surface 25, and
the engaging means 30' should have a lateral projection 38 of about 0.56 millimeters
- to about 0.70 millimeters (0.022 to 0.028 inches), preferably about 0.64 millimeters
(0.025 inches).

PROCESS OF MANUFACTURE

The fastening system 20 according to the present invention may be
manufactured using a process similar to gravure printing. Gravure printing is well
known in the art as illustrated by U,S. Patent No, 4,643,130 issued February 17,
1988, to Sheath et al. and incorporated herein by reference to illustrate the state of the
art similar to the present invention. Another reference which produces similar prongs
is 11.S. Patent No. 5,116,563 issued May 26, 1992 to Thomas et al. and incorporated
herein by reference.

Referring now to Figure 5 the substrate 24 containing protrusions 23 is passed
through the nip 70 formed between two rolls, a smooth print roll 72 and a backing roll
74. The rolls 72 and 74 have substantially mutually parallel centetlines disposed
generally parallel to the plane of the prong attachment surface 25 and the substrate 24.
The rolls 72 and 74 are rotated about the respective centerlines and have generally
equal surface velocities, in both magnitude and direction, at the nip point 70. If
desired, one or both the smooth print roll 72 and the backing roll 74 may be driven by
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between the prongs 22 in both the machine and cross-machine directions. It can be
gleaned, that by varying the cross-sectional area of the prong attachment surface 25 on
the substrate protrusions 23 various base diameters 26 and shank heights will be
produced.

The smooth print roll 72, provides for the depositing means to deposit the
prongs 22 on the prong attachment surface 25. The pattern of the substrate protrusions
23 on the substrate 24 provides the desired array. The phrase "depositing means”
refers to anything which transfers liquid prong material from a bulk quantity to the
prong attachment surface 25. The term “deposit” means to transfer prong material
from the bulk form and dose such material onto the prong attachment surface 25.

The cross sectional area of the prong attachment surface 25 and
eorrespondingl'y the substrate protuberances 23 generally corresponds with the shape of
the footprint of the base 26 of the prong 22. The cross section of the prong attachment
surface 25 should be approximately equal to the desired cross section of the base 26.
The depth of the prong material which is deposited upon the smooth print roll 72, in
part, determines the longitudinal length of the prong 22, specifically the perpendicular
distance from the base 26 to the point or segment of highest elevation.

For the embodiment described herein, the depth of the prong material spread
upon the smooth print roll 72 should be between about S0 and about 70 percent of the
diameter of the prong attachment surface 25.

The smooth print roll 72 and backing roll 74 should be coincident with the line
connecting the centerlines of the rolls permitting the substrate protrusions 23 to collect
prong material accumulated upon the smooth print roll 72 to be deposited upon the
prong attachment surface 25 of the substrate 24. :

The backing roll 74 should be somewhat softer and more compliaht than the
smooth print roll 72 to provide cushioning of the prong material as it is deposited on
the prong attachment surface 25 from the smooth print roll 72. A backing roll 74
having a rubber coating with a Shore A durometer hardness of about 40 to about 60 is
suitable.

The smooth print roll 72 temperature is not critical, however, the print roll 72
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38" of the print roll 72 temperature of about 197°C has been found to work well.

It is to be recognized that 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 the backing roll 74 using means well known to one
skilled in the art. This arrangement is often necessary if a polypropylene, polyethylene

 or other polyolefinic substrates are used.

The material used to form the individual prongs 22 must be kept in a source
which provides for the proper temperature to apply the prongs 22 to the prong
attachment surface 25. Typically, a temperature slightly above the melting point of the
material is desired. The material is considered to be at or above the "melting point® if
the material is partially or wholly in the liquid state. If the source of the prong
material is kept at too high a temperature, the prong material may not be viscous
enough and may produce engaging means 30 which laterally connect to the prongs 22
adjacent in the machine direction. If the material temperature is very hot, the prong 22
will flow into a small, somewhat semispherically shaped puddle and an engaging
means 30 will not be formed. Conversely, if the source temperature is too low, the
prong material may not transfer from the source 80 to the smooth print roll 72 or,
subsequently, may not properly transfer from the smooth print roll 72 to the prong
attachment surface 25 of the substrate 24. The source of the material should also
impart a generally uniform cross-machine direction temperature profile to the material, .
be in communication with the means for depositing the adhesive material onto the
prong attachment surface 25 of the substrate 24 and easily be replenished or restocked
as the prong material becomes depleted.

A suitable source is a trough 80, substantially coextensive of that portion of the
cross-machine dimension of the smooth print roll 72 and adjacent thereto. The trough
80 has a closed end bottom, an outboard side and ends. The top may be open or
closed as desired. The inboard side of the trough 80 is open, allowing the liquid
material therein to freely contact and communicate with the circumference of the
smooth print roll 72.

The source is externally heated by known means (not shown) to maintain the
prong material in a liquid state and at the proper temperature. The preferred
temperature is above the melting point but below that at which a significant loss of
viscoelasticity occurs. If desired, the liquid material inside the trough 80 may be
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fastening smooth print roll 72 and allows such material to be recycled. This arrangement allows
prong material to be deposited from the smooth applicator roll 72 on to the prong
attachment surface 25 in the desired array, according to the geometry of the substrate
protuberances 23. As seen in Figure 5, the doctor blade 82 is preferentially disposed
in the horizontal plane, particularly the horizontal apex of the smooth print roll 72,
which apex is upstream of the nip point 70.

.After being deposited onto the prong attachment surface 25, the prongs 22 are
severed from the smooth applicator roll 72 by a means for severing 78 the prongs 22
into the engaging means 30 of the fastening system 20 and a moil. As used herein the
term "moil" refers to any material severed from the prong 22 and which does not form
part of the fastening system 20,

The severing means 78 should be adjustable to accommodate various sizes of
prongs 22 and lateral projections 38 of engaging means 30 and also provide uniformity
throughout the cross-machine direction of the array. The term “severing means"” refers

~ to anything which longitudinally separates the moil from the fastening system 20. The
term “sever" refers to the act of dividing the moil from the fastening system 20 as
described above. The severing means 78 should also be clean and should not rust,
oxidize or impart corrodents and contaminates (such as moil material) to the prongs
22. A suitable severing means is a wire 78 disposed generally parallel to the axis of
the rolls 72 and 74 and spaced from the substrate protrusions 23 a distance which is
somewhat greater than the perpendicular distance from the highest elevation of the
solidified prong 22 to the substrate protuberances 23.

Preferably the wire 78 is electrically heated to prevent build-up of the molten
prong material on the severing means 78, accommodate any cooling of the prongs 22
which occurs between the time the prong material leaves the heated source and
severing occurs and to promote lateral stretching of the engaging means 30. The
heating of the severing means 78 should also provide for uniform temperature
distribution in the cross-machine direction, so that an array of prongs 22 havmg
substantially uniform geometry is produced.

Generally, as the prong material temperature increases a relatively cooler hot
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wire 78 is increased 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 78 is decreased. It is
not necessary that the severing means 78 actually contact the prong 22 for severing to
occur. The prong 22 may be severed by the radiant heat emitted from the severing
means 78.

For the embodiment described herein a round cross section nickel-chromium
wire 78, having a diameter of about 0.51 millimeters (0.02 inches) heated to a
temperature of about 343°C to about 416°C has been found suitable. It will be
apparent that a knife, laser cutting or other severing means 78 may be substituted for
the hot wire 78 described above.

It is important that the severing means 78 be disposed at a position which
allows stretching of the prong material to occur prior to the prong 22 being severed
from the moil. If the severing means 78 is disposed too far from the plane of the
prong attachment surface 25, the prong material will pass undemeath the severing
means 78 and not be intercepted by it, forming a very long engaging means 30 which
will not be properly spaced from the prong attachment surface 25 or adjacent prongs
22. Conversely, if the severing means 78 is disposed too close to the plane of the
prong attachment surface 25, 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 approxlmately 14 millimeters to 22
millimeters (0.56 to 0.88 inches), preferably about 18 millimeters (0.72 inches) in the
machine direction from the nip point 70, approximately 4.8 millimeters to 7.9
millimeters (0.19 to 0.31 inches), preferably- about 6.4 millimeters (0.25 inches)
radially outward from the backing roll 74 and approximately 1.5 millimeters to
approximately 4.8 millimeters (0.06 to 0.19 inches), preferably about 3.3 millimeters
(0.13 inches) radially outwardly from the smooth print roll 72 is adequately positioned
for the process of manufacture disclosed herein.

In operation, the substrate 24, with protrusions. 23 having a prong attachment
surface 25, is transported in a first direction relative to the depositing means 76. More
particularly, the substrate 24 is transported through the nip 70, preferentially drawn by
a take-up roll (not shown). This provides a clean area of substrate 24, with protrusions
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orthogonal the centerline of the smooth print roll 72 and backing roll 74. The
direction generally orthogonal to the machine direction and parallel to the plane of the
substrate 24 is referred to as the "cross-machine direction.”

The substrate 24 may be drawn through the nip 70 at a speed approximately 2%
to approximately 10% greater than the surface speed of the rolls 72 and 74. This is
done to minimize bunching or puckering of the substrate 24 near the means for
severing 78 the prongs 22 from the means for depositing the prong material on the
prong attachment surface 25. The substrate 24 is transported through the nip 70 in the
first direction at about 3 to about 31 meters per minute (10 to 100 feet per minute).

The angle o 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 more nearly
perpendicular to the prong attachment surface 25 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 o 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 Z, approximately 35° to
approximately- 55°, preferably about 45°, from the plane of the nip 70 towards the
backing roll 74 to utilize the viscoelastic nature of the prong material and properly
orient the engaging means 30 in the lateral direction, as well as longitudinal direction.
This arrangement also provides a greater force to pull the prong 22 away from the
print roll 72. The angle X from the plane of the nip 70 should be increased as a lesser
angle o of the shank 28 is desired. Also, increasing the angle Z of deviation from the
plane of the nip 70 has a weak, but positive effect to produce engaging means 30
. having a greater lLiteral projection 38. |

After depositing prong material from the smooth applicator roll 72 onto the
prong attachment surface 25, the rolls 72 and 74 continue rotation, in the directions
indicated by the arrows 75 of Figure 5. This results in a period of relative
displacement between the transported substrate 24 and the smooth print roll 72 during
which period (prior to severing) the prong material bridges the prong attachment
surface 25 and print roll 72. As relative displacement continues, the prong material is
stretched until severing occurs and the prong 22 is separated from the smooth
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30. When severed, a prong 22 is longitudinally divided into two parts, a distal end
and engaging means 30 which remain with the fastening system 20 and a moil (not
shown) which remains with the smooth applicator roll 72 and may be recycled, as
desired. After the prongs 22 are severed from the moil, the fastening system 20 is
allowed to freeze prior to contact of the prongs 22 with other objects. After
solidification of the prongs 22, the substrate 24 may be wound into a roll for storage as
desired.

A nonlimiting illustration of the process shows the prong material to be
disposed in the trough 80 and heated by means commonly known to one skilled in the
art, to a temperature somewhat above the melting point. If a polyester resin hot melt
adhesive is selected, a material temperature of approximately 177-193°C, preferably
about 186°C has been found suitable. If a polyamide resin is selected, a material
temperature of approximately 193-213°C, preferably about 200°C has been found
suitable. A one sided bleached kraft paper substrate 24 having protrusions 23 about
0.008 to about 0.15 millimeters (0.003 to 0.006 inches) in thickness works well with
hot melt adhesive prongs 22. The prongs 22 are joined to the prong attachment surface
25 on the bleached side of the kraft paper substrate 24.

For the illustrated operation described herein, a substrate with protrusions 23
having an array of 8 rows of protuberances 23 per centimeter (20 rows per inch),
yielding 64 protuberances 23 per square centimeter (400 per square inch), is suitable.
This grid density may be advantageously used with a smooth application roll 72 having
a diameter of about 16 centimeters (6.3 inches), in diameter. A backing roll 74 having
a diameter of about 15.2 centimeters (6.0 inches) and vertically registered has been
found to work well with the aforementioned smooth application roll 72. The rate of
transport of the substrate 24 is about 3.0 meters per minute (10 feet per minute).

A nickel-chromium hot wire 78 having a diameter of about 0.5 millimeters
(0.02 inches) disposed approximately 18 millimeters (0.72 inches) from the nip point
70 in the machine direction, approximately 0.3 millimeters (0.13 inches) radially
outwardly from the print roll 72 and approximately 6.4 millimeters (0.25 inches)
radially outwardly from the backing roll 74 is heated to a temperature of about 382°C.
The fastening system 20 produced by this operation is substantially similar to that
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Without being bound by any particular theory, it is believed that the geometry
of the engaging means 30 is governed by the differential cooling 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 leading edge 42 to cool more
slowly than the rate at which the trailing edge 46 cools. The resulting differential
cooling rate causes elongation of the leading edge 42 and contraction of the trailing
edge 46, relative to each other. As this differential cooling rate is increased, a
relatively longer engaging means 30 is formed.

Referring to Figure 6, if a fastemng system 20'' of more nearly isotropic peel
strength is desired, such a fastening system 20'' may be formed by modifying the
fastening system 20 of Figure 1 through a second stage differential température
process. As illustrated in Figure 6, the fastening system 20 of Figure 1 is further
processed to provide shanks 28'* with engaging means 30'' which radially extend from
the shanks 28°' in various lateral directions of a generally random orientation. The
phrase "random orientation” means having lateral projections and profile views which
significantly deviate in direction from those of the nearby prongs 22'*.

This structure is accomplished by establishing a temperature differential
between the profile surfaces or leading surfaces 42 and the trailing surfaces 46 of the
prongs 22 of the fastening system 20 of Figure 1. Such temperature differential may
be enhanced by radiation or preferably convection.

Upon attaining a temperature differential of the leading surface 42'* or the
profile surfaces relative to the trailing surface 46'', the engaging means 30'' will
substantially change or even reverse the orientation of lateral projection, 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 by any
source known to one skilled in the art, such as a heated wire or metal element, and
preferably an air gun 84, disposed above the prohgs 22'' and capable of providing a
directed temperature differential to the fastening system 20'*.

It is desired that the directed temperature differential source direct an air
current towards the fastening system 20'' within about + 90° of the first direction of
the substrate 24'‘ travel, which is the machine direction. As used herein, the phrase
"+ 90° of the first direction” means a direction having a vector component generally
perpendicular to or generally counter to the first direction of travel of the substrate 24"
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claimed herein. Directing the temperature dnfferenual of source 84 directly towards
the leading surface 42'* of a prong 22'* will result in the lateral projection 38'* of the
engaging means 30'* rotating, to change the orientation of the lateral projection about

~ 180°. Prongs 22'' disposed somewhat to the side, i.e. in the cross-machine direction,

of the directed temperature differential source 84 will not have the engaging means
30" rotated about 180°, but instead engaging means 30'' more nearly rotated about 90
°. Thus, it is apparent that a directed temperature differential source 84 oriented in the
cross-machine direction will provide a fastening system 20'* having prongs 22'' with
various lateral orientations in the cross-machine direction according to the prong 22"
position relative to the temperature differential source 84.

An air gun 84 discharging air at a temperature of about 88°C at a distance of
about 46 centimeters (18 inches) from the substrate 24’ is a suitable differential
temperature source. A 133-348 series heat gun sold by the Dayton Electric
Manufacturing Company of Chicago, Illinois oriented at about 45° relative to the plane
of the substrate 24'* and disposed about 46 centimeters (18 inches) from the prongs
produces a fastening system 20" pattern substantially similar to that shown in Figure
6. It will be apparent to one skilled in the art that 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 engaging means 30" in a

-regular, somewhat stnped pattern.

Without being bound by any theory, it is believed that the change in orientation
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 trailing surface 46'*, which may
occur if the temperature of the discharged air from the directed temperature source
differential 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 of the portion of the prong 22'* towards which the
temperature differential source 84 is directed. This contraction may result in a change
in the orientation of the engaging means 30'* and lateral projection 38'', due to the
differential cooling of the leading surface 42'' relative to the trailing surface 46'‘.
Without being bound by further theory, it is believed that relief of residual stresses
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feasible. For example, a prong 22 having an engaging means 30 protruding in more
than one direction may be formed or free formed prongs 22 may be produced by

. commonly known methods other than the methods herein described. If desired, only
one roll may be utilized in the manufacturing process, providing, the prong attachment -

surface 25 contacts at least about 180° of the periphery of such roll.
 Referring to Figure 7, if desired, and without being limited by theory, the

process for creating embossed areas 19 on a substrate 24' can be incorporated into the-
prong printing process, thereby embossing the substrate 24' and printing the prongs
22' in a single continuous procedure. The substrate 24’ is passed through the nip 69'
formed between two rolls, a rubber impression roll 73' and a steel embossing roll 74'.
The rubber impression roll 73' and the steel embossing roll 74° should be coincident
with the line connecting the centerlines of the rolls. The rubber impression roll 73
provides elastic cushioning enabling the embossing roll 74* to emboss the substrate 24"
with raised three dimensional impressions or embosses 19 and creating a prong
attachment surface 25. The embossing roll 74' contains on its surface numerous raised
knobs that when pressed against the substrate 24 and the rubber impression roll 73 as it
passes through the nip 69', stretches the substrate producing an array of embosses 19
corresponding to the pattern of knobs contained on the embossing roll 74*. The now
embossed substrate 25° follows the embossing roll 74" through another nip 70' formed
between two rolls, the embossing roll 74' and the smooth applicator roll 72' where
prongs are placed upon the prong attachment surface 25 of the embossed substrate 25°.
Subsequent modifications and changes in the process and the profile and capabilities of
the prongs may'be made as described above.
A E OF
USE ' .

An illustrative and nonlimiting example of the usage of the fastening system 20
of the pfesent invention in an article of manufacture follows and is illustrated in Figure
8. Mechanical fastening systems have been advantageously used in disposable
absorbent articles as disclosed in U.S. Patent No. 4,846,815, issued July 11, 1989 to
Scripps, which is incorporated herein by reference for the purpose of showing a diaper
110 structure and the advantageous utilization of mechanical fastening systems 20 in
such diaper 120 structures.

It is known, for example, that mechanical fastening systems 120 are less easily
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Refemng to Figure 8 there 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 infants or incontinent persons
and which is drawn between the legs, fastened about the waist of the wearer and
intended to be discarded after a single use and not to be laundered or restored. A
"disposable diaper” is a particular disposable article intended and scaled to be worn by
an infant. :

A preferred diaper 110 comprises a liquid pervious topsheet 112, a liquid
impervious backsheet 116, and an absorbent core 118 intermediate to the topsheet 112
and backsheet 116. The topsheet 112 and backsheet 116 are at least partially
peripherally joined to ensure the core 118 is held in position. The diaper 110 elements
may be assembled in a variety of configurations well known to one skilled in the art,
with a preferred configuration being generally described in U.S, Patent 3,860,003
issued January 14, 1975 to Buell, which patent is incorporated herein by reference for
the purpose of disclosing a particularly preferred diaper 110 configuration.

The topsheet 112 and backsheet 116 of the diaper 110 are generally ooextensxve
and at least partially peripherally joined together as noted above. Joining of the
“topsheet 112 and backsheet 116 may be accomplished by a hot-melt adhesive, such as
Eastobond A3 manufactured 'by the Eastman Chemical Products Company of
Kingsport, Tennessee. The absorbent core 118 has length and width dimensions
generally less than that of the topsheet 112 and backsheet 116. The core 118 is
interposed between the topsheet 112 and backsheet 116 in fixed relationship.

The diaper 110 periphery comprises oppositely disposed first and second ends
122 and 124. The diaper 110 has a first waist portion 142 and a second waist portion
144 extending respectively from the first end 122 and second end 124 of the diaper 110
periphery towards the lateral centerline of the diaper 110 a distance of about one-fifth
to about one-third the length of the diaper 110. The waist portions 142 and 144
comprise those portions of the diaper 110 which, when worn, encircle the waist of the
wearer and are generally at the highest elevation of the diaper 110 when the wearer is
in the standing position. The crotch 146 of the diaper 110 is that portion of the
disposed between the first and second waist portions 142 and 144 and which, when
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The absorbent core 118 is superimposed on the backsheet 116 and preferably
joined thereto by any means well known in the art such as adhesive bonding. In a
particularly preferred embodiment, adhesive bonding is accomplished by longitudinal
adhesive bands which join the core 118 to the backsheet 116. The backsheet 116 is
impervious to liquids and prevents liquids absorbed by and contained in the absorbent
core 118 from wetting undergarments, clothing, bedding and any other objects which
contact the diaper 110. As used herein, the term “"backsheet" refers to any barrier
disposed outwardly of the core 118 as the diaper 110 is worn and which contains
absorbed liquids within the diaper 110. Preferably, the backsheet 116 is a polyolefinic
film of about 0.012 to about 0.051 mm (0.0005-0.002 inches) in thickness. A
polyethylene film is particularly preferred, with a suitable film being manufactured by
the Monsanto Company of St. Louis, Missouri as film No. 8020. If desired, the
backsheet 116 may be embossed or matte finished to provide a more clothlike
appearance or be provided with passages to permit escape of vapors.

The topsheet 112 is compliant, tactily pleasing and nonirritating to the wearer's
skin. The topsheet 112 prevents contact of the absorbent core 118 and liquids therein
with the skin of the wearer. The topsheet 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 wearer while the diaper 110 is
being worn and prevents the core 118 from contacting the skin of the wearer. The
topsheet 112 may be made of woven or nonwoven materials. A preferred topsheet 112
is carded and thermally bonded by means to those skilled in the nonwoven fabrics art.
A particularly preferred topsheet 112 has a weight of about 18 to about 25 grams per
square meter, a minimum dry tensile strength of about 400 grams per centimeter in the
machine direction and a wet tensile strength of at least about 55 grams per centimeter
in the cross-machine direction. ' _

The diaper 110 is provided with a fastening system 120 and receiving surface
153 for maintaining the first waist portion 142 and second waist portion 144 in an
overlapping configuration when the diaper 110 is worn, so that the diaper 110 is
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The fastening system 120 should resist the separation forces which occur during
the wearing period. The term “separation forces” refers to forces acting on the
fastening system 120 and recei\}ing surface 153 which tend to cause separation, release
or removal of the fastening system 120 from the receiving surface 153. Separation
forces include both shear and peel forces. The term "shear force" refers to distributive -
forces acting generally tangential to the receiving surface 153 and which may be
thought of as being generally parallel to the plane of the substrate of the fastening
system 120. The term "peel forces" refers to distributive forces acting in the generally
longitudinal direction, and perpendicular to the plane of the receiving surface 153 and
fastening system 120 substrates. o

Shear forces are measured by tensile pulling of the fastening system 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 1S,
Patent 4.699,622 issued October 13, 1987, to Toussant et al.,, which patent is
incorporated herein by reference for the purpose of describing the measurement of
shear forces.

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, issued July 11, 1989, to

 Scripps, which 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 wear_ing, 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. Generally, the fastening system
120 and receiving surface 153 should resist a peel force of at least 200 grams,
preferably at least about 500 grams, and more preferably, at least about 700 grams.
Furthermore, the fastening system 120 and receiving surface 153 should resist a shear
force of at least S00 grams, preferably at least about 750 grams, and more preferably
at least about 1,000 grams. '
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other position on the diaper 110 on which it is disposed so as to engage with the
fastening system 120. The receiving surface 153 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
across the outside surface of the second waist portion 144 to allow for maximum fit
adjustment at the waist of the wearer. As illustrated in Figure 8, the receiving surface
153 is preferably an elongate rectangularly shaped integral member secured to the
outer surface of the second waist portion 144. |

~ A suitable receiving surface 153 is stitch bonded, nonwoven fabric or any other
type of fiber or loop material well known in the art. The receiving surface 153 may be
manufactured from a variety of materials which provide fiber elements, and preferably
loops capable of being 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
woven and is commercially available as Scotchmate brand nylon woven loop No.
FJ3401, sold by the Minnesota Mining and Manufacturing Company of St. Paul,
Minnesota. Another suitable receiving surface 153 comprises a tricot having a
plurality of nylon filament loops projecting from a nylon backing and is commercially
available form Gilford Mills of Greensboro, North Carolina and designated and
designated Gilford No. 16110. A particularly preferred receiving surface is
stitchbonded loop material sold by the Milliken Company of Spartanburg, South
Carolina under Number 970026.

_ The fastening system 120 is intended to engage the complementary receiving
surface 153 to provide a secure fit for the diaper 110. The fastening system 120 may
comprise any of the well known configurations utilized for achieving a side closure on
a disposable diaper 110. The fastening system 120 substrate is joined to the diaper 110
in spaced relationship from the receiving means 153. As shown on Figure 8, the
fastening system 120 is preferably disposed on both the first and second longitudihal
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skin of the wearer. A preferred fastening system 120 disposition is a Y-shaped tape
arrangement, described in detail in .S, Patent 3,848,594 issued November 19, 1974
to Buell. An alternatively preférred fastening system 120 arrangement is described in
detail in U.S, Patent 4,699.622 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 diaper 110.

The fastening system 120 of Figure 8 has a manufacturer’s end 156 and an
oppositely disposed user's end 158. The manufacturer's end 156 is joined to the diaper
110, preferably in juxtaposition with the first waist portion 142. The user's end 158 is
the free end and is secured to the receiving surface 153 when the diaper 110 is secured
to the wearer.

After the diaper 110 is fitted about the wmst of the wearer, the user's end 158
of the fastening system 120 is releasably secured to the receiving surface 153, and
preferably positioned on the second waist portion 144, thereby causing the diaper 110
to encircle the waist of the wearer. The diaper 110 has now effected a side closure.
The prongs (not shown) extend from the fastening system 120 of the user's end 158 so

.- that the prong engaging means intercept the strands of the receiving surface 153.

A fastening system 120 and complementary receiving surface 153 which
provides a resistance to peel forces in excess of 700 grams and a resistance to shear
forces in excess of 1,000 grams may be constructed as follows according to the
specific parameters of the fastening system 120 set forth in the aforementioned
“Process of Manufacture.” The coniplememary' receiving surface 153 used in

' conjunction with the fastemng system 120 is the aforementioned Milliken Company

No. 970026 stitchbonded loop fabric. :

The fastening system 120 is at least about 2.54 centimeters (1 inch) in width
and may be 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 comprises a matrix having about 26 prongs per square centimeter
(169 prongs per square inch). The prongs are preferentially oriented in substantially
the same direction and face the user's end 158 of the fastening tape.

In use, the diaper 110 is applied to the wearer by positioning the first waist
portion 142 around the wearer's back and drawing the remainder of the diaper 110
between the legs of the wearer so that the second waist portion 144 is disposed across
the front of the wearer. The user's ends 158 of the fastening system 120 are then
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The receiving surface 153 may be di sposed in a first position anywhere on
the diaper 110, so long as the receiving surface 153 eng; {
nmeans to maintain the first and second wai st portions 14

configuration. For exanple, the receiving surface 153 may I Spos

the outside surface of the second wai st portion 144, on }hg bgﬂ‘ﬁﬂ @gyf

of the first waist portion 142, or any other position on]the diaper 110
yE

which it is disposed so as to engage with 1I;iue fastening b >
receiving surface 153 may be integral, a di'Screte elenent joined to the
di aper 110, or a single piece of material that is neither—drvided or

di scont i nuoussegiret to.thectes _ h i aper 110, such as the topsheet 112
or backsheet fkG, fX%‘i‘l e. m&?esgréfla{:ﬁ ﬁ%’d%ﬁ?ea@ésngsmnfa:e oF IR SROHA WaRY S, S1 Z€S
and shapes, the rece: i’lf§ clofureace 153 preferably conprises one of gion

i ntegral patches positioned across the outside surface of the second wai st
portion 144 to allow for maximum fit adjustnent at the waist of the wearer.
As illustrated in Figure 8, the regeiving surface 153 is preferably an

el ongate rectangul arly shaped integral nmenber secured to the outer surface
of the second wai st portion 144.
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2. The fastening system according to Claim 1 corriprising a plurality of prongs and
protrusions, each said prong being joined to one of said protrusions of said
substrate.

3. - The fastening system according to any of the preceding claims wherein said prong is

manufactured from a thermoplastic material, more preferably a thermoplastic
material selected from the group consisting of polyesters and polyamides.

4. The fastening system according to any of the preceding claims wherein said
engaging means comprises a hook-shaped tyne laterally projecting substantially
beyond one side of said shank, preferably wherein each said engaging means of each
said prong laterally projects in substantially the same direction.

5. The fastening system according to any of the preceding claims wherein said shank |
tapers in a converging fashion from said base to said engaging means, 'preferably
wherein said shank is onemed at an angle of from 40° to 80° relative to the plane of

 said substrate.

6. The absorbent article according to any of the preceding claims wherein said
- substrate is selected from the group consisting of paper, rubber, vinyl, polyolefinic
films, knitted fabric, woven materials, and nonwoven materials.

7. The fastening system according to any of the preceding claims wherein said
substrate has from 16 to 62 protrusions per square centimeter.

8. The fastening system according to any of the preceding claims wherein said
engaging means is longitudinally spaced from said substrate at a distance of 0.2 mm
to 0.8 mm, more preferably 0.3 mm to 0.5 mm.

--This Sheet Has Been Rep laced
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conprise any of the well known configurations utilized for achieving a side
.closure on a disposabl e diaper 110. The fastening system 120 substrate is
joined to the diaper 110 in spaced relationship fromthe receiving nmeans
153. As shown on Figure 8, the fastening system 120 is pref erably d| sposed
on both the first and second | ongitudi nal 34 sides of thl T]SﬂﬁhET
preferred configuration for the fastening system 120 m jiMm 2

potential contact between the prongs of 3yhe fastening syptem 120 and the
skin of the wearer. A preferred fastening system 120 di spoki QiBHAPRs1997
Y-shaped tape arrangenent, described in detail in U S Patgnt 3,848, 594
i ssued NowenberA d8posibiéabidebdiiv alticle odmprisingr nat i vel y pref erreg—tasteni ng
system 120 arrangenent is described in detail in U S Patent 4,699, 622

i ssued October 13, 1987 to Toussant et al., both of which patents are

i ncor por at ed harlmurdlmper\em:;ﬁ:edcsbeﬁtor the purpose of illustrating various
pl acements of the fastening system 120 on the di sposabl e di aper 110.

a liquid pervious topsheet at least partially peripherally joined to said backsheet;
an absorbent core intermediate said topsheet and said backsheet; and

a means for releasably securing the absorbent article on a wearer, said means
comprising a receiving surface joined to the absorbent article at a first position, and
the fastening system according to any of the preceding claims.

10.  The disposable absorbent article according to Claim 9 wherein said means for
releasably securing the absorbent article on a wearer has a peel strength of at least
200 grams, preferably at least 500 grams.
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The fastening system 120 of Figure 8 has a manufacturer's end 156 and an
.oppositely disposed user's end 158. The manufacturer's end 156 is joined to
the diaper 110, preferably in juxtaposition with the first waist portion
142. The user's end 158 is the free end and is secured to the receiving
surface 153 when the diaper 110 is secured to the wearer. After the di aper
110 is fitted about the waist of the wed8er, the user's end 158 of the
fastening system 120 is rel easably secured to the receiving surface 153,
and preferably positioned on the second wai st portion 144, thereby causing
the diaper 110 to encircle the wai sStABSTRAE€TWearer.. The di aper 110 has now
effected a side closure. The prongs (not shown) extend fromthe fastening
system 120 of the user's end 158 so that the prong engagi ng neans i ntercept
the stranqgemdSTHICABEEMECAANICAT AASTENING SYSTER A TUACHEFTO SUBSTRATE
conpl ementary receiving surface 153 which provides a resistance to peel
forces in 'BRUSKIN 700 grans and a resistance to shear forces in excess of
1,000 grans may be constructed as follows according to the specific
paranmeters of the fastening system 120 set forth in the aforenentioned

"Process of Mariheainvention"is aTiefasteoahd¢ erchanigay fastenigigvsysgns umddgcef fré3farmed i n
prongs joined to an embossed or raised substrate (24). The prongs (22) taper and are
nonperpendicularly oriented relative to the plane of the substrate. Each prong (22) has an
engaging means pnjaﬂhg;ﬁmmmﬂy from the periphery of the prong. The free formed
prongs are manufactured by the process of depositing liquid material onto the embossed or
raised portion (23) of a moving substrate (24), stretching the liquid material in a direction
parallel to the plane of the embossed or raised substrate and severing the stretched material
to form the distal end and engaging means of the prong. The advantageous usage of the
fastening system in an article of manufacture, such as a disposable absorbent garment,
specifically a diaper, is also disclosed.

FIGURE 1
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conjunction with the fastening system 120 is the aforenentioned MI1liken
Conpany No. 970026 stitchbonded |oop fabric. The fastening system 120 is at
| east about 2.54 centineters (1 inch) in width and nay be of any length
whi ch provides a convenient user's end 158, with a length of at |east about
3.5 centinmeters (1.4 inches) being preferred. The array of the prongs of
fastening system 120 conprises a matri x havi ng about 26 prongs per square
centineter (169 prongs per square inch). The prongs are preferentially
oriented in substantially the sane gu§cti on and face the user's end 158 of
the fastening tape. In use, the dia 110 is applied to the wearer by
positioning the first waist portion 142 around the wearer's back and
drawi ng the renmi nder of the diaper 110 between the | egs of the wearer so
that the second waist portion 144 is di sposed across the front of the
wearer. The user's ends 158 of the fastening system 120 are then 35
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secured to the receiving surface 153 on the outside surface of the second

" wai st portion 144 to forma side closure. 36 Clainms 1. A fastening

system for attaching to a conplenentary receiving surface, the fastening
system conprising: (A) a substrate having at | east one protrusion, each
said protrusion having a prong attachnent surface; and (B) a free forned
prong in direct contact wwth said prong attachnent surface of at |east one
said protrusion, each said prong conprising: (i) a base, (ii) a shank
joined to said base, said shank being contiguous with and projecting
outwardly fromsaid base: and 2/
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(iii) an engaging neans for securing the fastening system to the

conpl enentary receiving surface so as to cause nechanical interference

bet ween sai d engagi ng neans being joined to said shank of said prong and
projecting laterally froma periphery of said shank. 2. A fastening system
according to claim1 wherein at | east one said prong is manufactured from
thernopl astic material. 3. A fastening systemaccording to claim2 wherein
at | east one said prong is nanufactured froma thernoplastic materi al

sel ected fromthe group consisting of zglyesters and pol yam des. 4. A
fasteni ng system according to cIaimS3 erein sai d engagi ng nmeans conpri ses
a hook-shaped tine laterally projecting substantially beyond one side of
sai.d shank. 5. A fastening systemaccording to claim4 having a plurality
of prongs, wherein said engagi ng neans of said prongs laterally project in

substantially the sanme direction. 47
30
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6. A fastening systemaccording to claim4 having a plurality of prongs,
wherei n said engagi ng neans of said prongs laterally project in a generally
random ori entati on. 37 7. A fastening systemaccording to claim4
wherein said shank tapers in a converging fashion fromsaid base to said
engagi ng neans. 8. A fastening system according to claim?7 wherein said
prong has a ratio of base cross sectional area to highest elevation cross
sectional area ranging fromabout 4:1 to about 9:1. 9. A fastening system
according to claim4 wherein said engaging neans is |ongitudinally spaced
fromsaid attachnment surface of sam4;8ubstrate a di stance of about 0.3mmto
about 0.5mm 10. A fastening systemaccording to claim4 wherein said shank
is orientated at an
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angle and from about 40[err] to about 80[err] relative to said substrate.
11. A fastening systemaccording to claim4 wherein said engagi ng neans is
general ly sem spherically shaped. 12. A fastening systém according to claim
11 wherein said shank has a distal end and said engagi ng neans has a

di ameter of at |east about 1.5 times the dianeter of said distal end of
sai d shank. 13. A fastening system according to claim12 wherein said
engagi ng neans is longitudinally spaced fromsaid substrate a di stance of
about 0.2 mllineters to about 0.8 giélineters.,l4. A fastening system
according to claim1l wherein said s #8trate is selected fromthe gr oup
consi sting of paper, rubber, vinyl polyolefinic films, knitted fabric,
woven naterials and nonwoven materials. 15. A fastening system according to
claiml1l wherein said substrate has fromabout 16 to about 62 protrusions
per square centineter. : '
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38 16. A fastening systemaccording to claim15 having a plurality of
prongs wherein said prongs are arranged in an array of rows, wherein each
rowis generally equally spaced fromthe adjacent row. 17. A fastening
system according to claim 16 wherein a row of prongs is offset fromthe
adj acent row of prongs approxi mately one-half pitch. 18. A fastening system
for attaching to a conplenentary receiving surface, the fastening system
conprising: (A) a substrate having at | east one protrusion, each said
protrusion having a prong attachnment surface; and (B) a free forned prong
in direct contact with said prong at6#8hment surface of at |east one said
protrusion, each said prong conprising: (i) a base; (i) a shank
joined to said base, said shank having a proximal end and a distal end,
sai d proxi mal end being contiguous with said base and

REPLACEMENT Siizgr)
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projecting outwardly fromsaid substrate protrusion, said shank further
having a | eading angle and a trailing angle, said | eading angl e bei ng
substantially different fromsaid trailing edge, said shank being

nonper pendicul arly orientated relative to said prong attachnment surface;
and (iii) an engaging neans for securing the fastening systemto the

conpl enentary receiving surface so as to cause nechanical interference

bet ween sai d engagi ng neans and said receiving surface, said engagi ng neans
being joined to said distal end of i d shank such that said engagi ng nmeans
| aterally projects radially outwar beyond a periphery of said shank and
away from said substrate protrusion. 19. A disposable absorbent article
conprising: (A) a liquid inpervious backgleet; {B) a |iquid pervious
topsheet at |east partially perlpherall\f oi nedM o sai d backsheet ;
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(C) an absorbent core internediate to said topsheet and sai d backsheet; -and
39 (D) a neans for releasably securing said di sposable absorbent article to
a wearer, said nmeans conprising: (i) a receiving surface joined to said

di sposabl e absorbent article at a first position; and (ii) a fastening
system according to claim1 joined to said di sposabl e absorbent article in
spaced relation fromsaid receiving surface. 20. A disposabl e absorbent
article according to claim 19 wherein said neans for rel easably securing
sai d di sposabl e absorbent article to a wearer has a peel strength of at

| east about 200 grams. 21. A di spo&(ﬂ e absorbent article according to
claim 20 wherein said nmeans for rel easably securing said di sposable
absorbent article to a wearer has a peel
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TEXT OF THE ABSTRACT

REFASTENABLE MECHANICAL FASTENING SYSTEM ATTACHED TO SUBSTRATE
PROTRUSION _

The invention is a refastenable mechanical fastening system, made of free formed prongs joined
to an embossed or raised substrate (24). The prongs (22) taper and are nonperpendicularly
oriented relative to the plane of the substrate. Each prong (22) has an engaging means
projecting laterally from the periphery of the prong. The free formed prongs (22) are
manufactured by the process of depositing liquid material onto the embossed or raised portion
(23) of a moving substrate (24), stretching the liquid material in a direction parallel to the plane
of the embossed or raised substrate and severing the stretched material to form the distal end
and engaging means of the prong. (22). The advantageous usage of the fastening system in an
article of manufacture, such as a disposable absorbent garment, spec1ﬁca11y a diaper, is also
disclosed. .

" Figure 1.
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Claims

1. A fastening system for attaching to a compiéihenfary recelvmgsurfaoe the
fastening system comprising:
(A) a substrate having at least one protrusion, each said protrusion having a
prong attachment surface; and
(B) a free formed prong in direct contact with said prong attachment surface of
at least one said protrusion, each said prong comprising:
(i) a base,
(ii) a shank joined to said base, said shank being contiguous with and
projecting outwardly from said base: and
(i) an engaging means for securing the fastening system to the
complementary receiving surface so as to cause mechanical
interference between said engaging means being joined to said
shank of said prong and projecting laterally from a periphery of said
shank.

2. A fastening system according to claim 1 wherein at least one said prong is
manufactured from thermoplastic material.

3. A fastening system according to claim 2 wherein at least one said prong is
manufactured from a thermoplastic material selected from the group consisting
of polyesters and polyamides.

4. A fastening system according to claim 3 wherein said engaging means
comprises a hook-shaped tine laterally projecting substantially beyond one side
of said shank.

5. A fastening system according to claim 4 having a plurality of prongs, wherein
said engaging means of said prongs laterally project in substantially the same
direction.

6. A fastening system écoo’rding to claim 4 having a plurality of prongs, wherein
said engaging means of said prongs laterally project in a generally random

orientation. - REPLACEMENT SHEET
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7. A fastening systém according to claim 4 wheréin said shank tapers in a
converging fashion from said base to said engaging means.

8. A fastening system according to claim 7 wherein said prong has a ratio of base
cross sectional area to highest elevation cross sectional area ranging from
about 4:1 to about 9:1.

9. A fastening system acoordihg to claim 4 wherein said engaging means is
longitudinally spaced from said attachment surface of said substrate a distance
of about 0.3mm to about 0.5mm.

10. A fastening system according to claim 4 wherein said shank is orientated at an
angle and from about 40° to about 80° relative to said substrate.

11. A fastening system according to claim 4 wherein said engaging means is
generally semisphericaily. shaped.

12. A fastening system according to claim 11 wherein said shank has a distal end
and said engaging means has a diameter of at least about 1.5 times the
diameter of said distal end of said shank.

13. A fastening system according to claim 12 wherein said engaging means is
longitudinally spaced from said substrate a distance of about 0.2 millimeters to
about 0.8 millimeters.

14. A fastening system according to claim 1 wherein said substrate is selected from
the group consisting of paper, rubber, vinyl polyolefinic films, knitted fabric,
woven materials and nonwoven materials.

15. A fastening systein according to claim 1 wherein said substrate has from about
16 to about 62 protfrusions per square centimeter.
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16. A fastening system according to claim 15 having a piurality of prongs wherein
said prongs are arranged in an array of rows, wherein each row is generally
equally spaced from the adjacent row.

17. A fastening system according to claim 16 wherein a row of prongs is offset from
the adjacent row of prongs approximately one-half pitch.

18. A fastening system for attaching to a complementary receiving surface, the
fastening system comprising:
(A) a substrate having at least one protrusion, each said protrusion having a
prong attachment surface; and '
(B) a free formed prong in direct contact with said prong attachment surface of
at least one said protrusion, each said prong comprising:

0] abase; | _

(i) a shank joined to said base, said shank having a proximal end and a
distal end, said proximal end being contiguous with said base and
projecting outwardly from said substrate protrusion, said shank
further having a leading angle and a trailing angle, said leading
angle being substantially different from said trailing edge, said shank
being nonperpendicularly orientated relative to said prong
attachment surface; and

(i) an engaging means for securing the fastening system to the
complementary receiving surface so as to cause mechanical
interference between said engaging means and said receiving
surface, said engaging means being joined to said distal end of said
shank such that said engaging means laterally projects radially
outwardly beyond a periphery of said shank and away from said
substrafe proftrusion.

19. A disposable absorbent articie comprising:
(A) a liquid impervious backsheet;
(B) a liquid pervious topsheet at least partially peripherally joined to said
backsheet;
(C)an absorbent core intermediate fo said topsheet and said backsheet; and
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(D)a means for releasably securing said disposéblé absorbent article to a
wearer, said means comprising:
(i) a receiving surface joined to said disposable absorbent article at a first
position; and
(ii) a fastening system according to claim 1 joined to said disposable
absorbent article in spaced relatioh from said receiving surface.

20. A disposable absorbent article according to claim 19 wherein said means for
releasably securing said disposable absorbent article to a wearer has a peel
strength of at least about 200 grams.

21. A disposable absorbent article according to claim 20 wherein said means for
releasably securing said disposable absorbent article to a wearer has a peel
strength of at least about 500 grams.

—_—
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ABSTRACT

REFASTENABLE MECHANICAL FASTENING SYSTEM ATTACHED TO SUBSTRATE
PROTRUSION

The invention is a refastenable mechanical fastening system, made of free formed
prongs joined to an embossed or raised substrate (24). The prongs (22) taper and are
nonperpendicularly oriented relative to the plane of the substrate. Each prong (22) has an
engaging means projécting laterally from the periphery of the prong. The free formed
prongs are manufactured by the process of depositing liquid material onto the embossed or
.raised portion (23) of a moving substrate (24), stretching the liquid material in a direction
parallel to the plane of the embossed or raised substrate and severing the stretched material
to form the distal end and engaging means of the prong. The advantageous usage of the

fastening system in an article of manufacture, such as a disposable absorbent garment,
specifically a diaper, is also disclosed.

FIGURE 1
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